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Background: Previously we documented cellular structural changes of a non-degenerative nature in atrial myocytes
after atrial fibrillation (AF) in the goat. The time course of these changes was not studied.

Methods and Results: Cellular structural changes were studied by light- and electron microscopy and immuno-
histochemistry in goat atria after 0—-16 weeks AF. The first sign of cellular structural remodeling was a more
homogeneous chromatin distribution, at 1 week of AF. Sub-structural changes in mitochondria and sarcoplasmic
reticulum occurred gradually. Cellular degeneration was absent. The degree of myolysis and glycogen accumulation
increased till 8 weeks of AF and did not increase further from thereon. After 16 weeks of AF, 42% of the myocytes
in the right atrial free wall were affected by myolysis. The diameter of the atrial myocytes increased. Dedifferentiation
of the atrial myocytes was suggested by altered expression patterns of structural proteins, such as the disappearance
of cardiotin (1 week), the A-I junctional part of titin (4 weeks), desmin at the intercalated disk (ID) (8 weeks)

and a gradual re-expression of az-smooth muscle actin.

Conclusion: Remodeling of the cellular ultrastructure in atrial myocardium of the goat develops progressively
during AF. Re-expression of fetal proteins indicate dedifferentiation of atrial myocytes, analogous to observations

in hibernating myocardium of the ventricle.
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Introduction

Atrial fibrillation (AF) is the most common arrhy-
thmia in patients; paroxysmal AF often progresses
to sustained AF.! After cardioversion the electrical
and contractile functions of the atria are impaired
and recurrences of AF are frequent. Apart from
increasingly severe changes due to an underlying
heart disease, AF itself causes progressive elec-
trophysiological changes. In humans, subsequent
to electrical remodeling, ultrastructural changes

of a degenerative nature have been described in
atrial myocytes after long-term lone AF* and AF
in combination with other etiologies.*” It has
been established that chronic rapid atrial pacing
in dogs and repeated induction of AF in goats
results in the development of sustained AF (AF
begets AF).®” This increasing stability can only
partly be explained by the occurrence of electrical
remodeling (shortening of the atrial effective
refractory period) during the first 2 days of AF.”
Since AF becomes sustained after 1-2 weeks, a
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second factor with a slower time course must be
involved.

Previously, we have described a variety of cellular
structural changes in goat atrial myocytes after
months of experimentally induced AF, with de-
pletion of contractile elements and accumulation
of glycogen as main features. These changes were
accompanied by a two-fold increase in the myocyte
cell size. Furthermore, there were no signs of cellular
degeneration (necrosis or apoptosis) and the inter-
stitial space remained unaltered.*'° Using immuno-
histochemistry the expression and organization of
structural proteins were assessed. The re-expression
of a-smooth muscle actin, the disappearance of
cardiotin and the staining patterns of titin and
desmin were reminiscent of fetal myocytes, in-
dicating that chronic AF induces myocyte de-
differentiation.'®

The chronic AF goat model is highly suitable to
study structural remodeling due to AF. Till now it
was unknown when the cellular structural changes
occur after the induction of AF and how the severity
of alterations progresses in time. Therefore, the
time course of cellular structural changes has been
studied during 16 weeks of AF in goats at several
atrial sites by light- and electron microscopy and
immunohistochemistry.

Material and Methods
The goat model of chronic AF

The goat model of AF as described previously was
used.® Under anesthesia an Itrel-pacemaker (Med-
tronic® Bakken Research Center, Maastricht, The
Netherlands) was implanted in the neck of the goat
and a bipolar screw-in electrode was inserted through
the jugular vein in the right atrium. Atrial fibrillation
was maintained by burst stimulation as described
previously." Thirty-six goats (61 +13 kg) were used
(six groups of six animals) in this study. The control
group was kept in sinus rhythm (SR), whereas in
the other groups AF was maintained for 1, 2, 4, 8
and 16 weeks respectively. Animal handling was
carried out according to the Dutch Law on Animal
Experimentation (WOD) and The European Directive
for Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientific Purposes.

Tissue processing

At the end of the experimental period, the goats
were anaesthetized and thoracotomy was per-
formed. The right and left atrial appendages were

excised and immediately frozen in liquid nitrogen-
precooled isopentane. These frozen samples were
used for immunohistochemistry. The heart was
excised and fixed by retrograde perfusion with 3%
glutaraldehyde in 90 mm KH,PO, buffer (pH 7.4).!!
For the immunohistochemical analysis of z-smooth
muscle actin, left and right atrial samples were
stored after 15 min fixation in KH,PO, buffer at
4°C.'Y For light- and electron microscopic studies,
eight atrial parts [right atrial free wall (RAFW),
right trabeculae (RT), right atrial appendage (RAA),
left atrial free wall (LAFW), left trabeculae (LT), left
atrial appendage (LAA), interatrial septum (IAS)
and Bachmann’s bundle (BB)] were divided into
blocks (4 mm®) and kept for at least 24 h in glu-
taraldehyde. The fixed blocks were washed with
KH,PO, buffer containing 7.5% sucrose, postfixed
with 2% 0sO, in 50 mMm veronal acetate buffer for
1 h, dehydrated through graded ethanol series and
routinely embedded in epoxy resin Epon.® For elec-
tron microscopy, ultrathin sections cut from each
Epon sample, were counterstained with uranium
acetate and lead citrate."" The sections were ex-
amined with a Philips CM100 microscope.

Light microscopic quantification of atrial remodeling

Myolysis

Sections of 2 um from the eight different atrial areas
were examined by light microscopy. To quantify
the degree of myolysis and glycogen accumulation,
sections were stained with periodic acid Schiff (PAS)
and toluidine blue.® At least three sections per atrial
site were examined with a minimum of 300 cells
in total. Only myocytes in which the nucleus was
present in the plane of the section were evaluated.
Myocytes were considered mildly myolytic if myo-
lysis involved 10-25% of the cytosol, and as severely
myolytic when myolysis involved >25% of the
cytosol.®

cell size

The diameter of the atrial myocytes (the shortest axis
through myocytes with a nucleus in the plane of the
section) was measured with a digital imaging system
(Sony CCD camera®/Macintosh®/NIH image soft-
ware). Diameter measurements were performed for
three categories of cells (1) normal cardiomyocytes
(without myolysis), (2) mildly affected myocytes
(10-25% myolysis) and (3) severely affected myo-
cytes (>25% myolysis). The measurements were per-
formed for all eight atrial sites. The number of cells
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evaluated per site was 50 and two different areas
from each site were included in the analysis.

Connective tissue

The relative amount of connective tissue in the
myocardium was determined by morphometry with
a grid as described previously. The total number of
intersections in connective tissue was expressed as
the percentage of total number of intersections.®

Immunohistochemical staining procedures

Indirect immunofluorescence assays with different
primary antibodies were performed on frozen sec-
tions as described before.'® The immunoperoxidase
method was only used for staining of a-smooth
muscle actin in glutaraldehyde-fixed samples.*’

Statistical analysis

The effect of duration of AF on myolytic changes,
cell size and connective tissue content at the dif-
ferent atrial sites was evaluated by regression ana-
lysis using a second degree polynomial. P-values
<0.05 were considered as statistically significant.
A mixed model analysis of co-variance (ANCOVA)
was used to determine whether the effect of AF was
influenced by atrial site or degree of myolysis.'?
Since the large number of comparisons involved
in the latter analysis only P-values <0.01 were
considered as statistically significant. For statistical
analysis the SAS 6.11 program was used.’

Results
Time course of ultrastructural changes due to AF

Atrial myocytes from goats in SR show regularly
distributed sarcomeres throughout the cytoplasm
with rows of mitochondria in between (Fig. 1a,e).
After 1 week of AF the first changes in cellular
ultrastructure appeared. The majority of the nuclei
redistributed  heterochromatin ~ homogeneous
throughout the nucleus (Fig. 1b). After 1 and 2
weeks of AF myolysis and glycogen accumulation
occurred to a small extent in part of the atrial
myocytes and mitochondria retained their normal
shape (Fig. 1f). In the weeks following these initial
changes there was a gradual increase in the number
and area of the cells in which myolysis and glycogen
accumulation became manifest (see quantitative

data below) [Figs 1(c,d) and 2]. In areas with
depleted sarcomeres mitochondria became elong-
ated, showing reorientation of cristae in lon-
gitudinal arrays (Fig. 1gh). Disorganized
membranes, representing sarcoplasmic reticulum
remnants, were present in the myolytic cytosol in
part of the atrial myocytes (Fig. 1g). The depletion
of sarcomeres did not result in atrophy; instead the
cardiomyocytes were enlarged.

Quantification of the changes in cellular structure by
light microscopy

Quantification of myolysis

In goats with sustained AF, the number of atrial
myocytes with myolytic changes (>10% of the cell
cytosol surface free from sarcomeres) and glycogen
accumulation increased in time at different atrial
sites (Table 1; Fig. 3a,b). For all atrial sites apart
from BB (P=0.072), there was a highly significant
increase (P=0.001) in the number of cells affected
by myolysis. At some of the atrial sites (RAFW,
RAA, RT, LAA) the linear increase in number of
atrial myocytes affected by myolysis reached a max-
imum after about 8 weeks as indicated by the
significance of the quadratic term of the polynomial
model. The average number of myolytic cells was
higher in the right than in the corresponding left
atrial sites. The number of myolytic cells was most
pronounced in RAA followed by RAFW and RT. At
the left atrial sites the same order in the severity of
the changes appeared, LAA, followed by LAFW and
LT. The lowest numbers of cells affected by myolysis
were present in BB and IAS. Mixed model ANCOVA
followed by multiple comparison showed that the
linear dependency of the number of myolytic cells
as a function of the duration of AF was more
significant for RAA than for TAS, LT, LAFW and BB
(P<0.01). For LAA only the IAS had a significantly
lower number of affected cells (P<0.01).

Similar results were found in relation to AF
duration when only the severely affected cells
(>25% myolysis) were taken into account (Table
1). The percentage of cells with severe myolysis
increased significantly (P<0.05) with the duration
of AF at all atrial sites, with the exception of BB
(P=0.179). Again, in the right atrial sites the
changes were more pronounced than in their left
atrial counterparts.

Quantification of atrial cell size

The diameters (shortest axis) of myocytes increased
significantly (P<0.05) at all atrial sites, being most



2086 J. Ausma et al.

Figure 1 Electron microscopic pictures of goat atrial myocardium. (a) Atrial myocardium during SR. Sarcomeres (s)
are present throughout the entire cytosol with rows of mitochondria (m) in between. The nucleus (n) shows perinuclear
heterochromatin clustering ( x 3200). (b) After 1 week of AF, myocytes show the first cellular change: a homogeneous
distribution of nuclear heterochromatin ( x 2400). (c) Myolysis and glycogen accumulation after 4 weeks of AF. The
nuclear (n) area shows less clustering of heterochromatin. The neighbouring myocyte (right) still has a normal
organization with rows of mitochondria between the sarcomeres ( x 2400). (d) Severely affected cardiomyocytes after
16 weeks of AF. Accumulation of glycogen (g) in the central part of the cardiomyocytes. Sarcomeres are depleted and
numerous abnormally shaped small mitochondria are present. The nucleus (n) shows a homogeneous distribution of
nuclear heterochromatin (x 2200). (e) Detail of normal mitochondria of atrial myocardium in SR (x 16 000). (f)
Mitochondria between the sarcomeres have a normal appearance after 1 week of AF ( x 13 000). (g) Smaller mitochondria
(arrowhead) appear in the myolytic areas after 4 weeks of AF. Remnants of sarcoplasmic reticulum (arrow) at the
border of an area devoid of sarcomeres ( x 16 000). (h) Slender elongated mitochondria with longitudinally oriented
cristae (arrow), also displayed as small round structures when cross sectioned (arrowhead), present in myolytic areas
which are mainly filled with glycogen after 16 weeks of AF ( x 16 000).

pronounced in LAFW and LAA. At the LAFW the
average atrial myocyte diameter increased from
12.3 um during SR to 21.2 um after 16 weeks of
AF (Table 1 and Fig. 3c,d). Interestingly, when only
non-myolytic cells were considered, the increase in
cell diameter in relation with AF duration could
only be observed in the RAFW, RT, LAFW and

BB (Table 1). At the LAFW, the average diameter
increased from 12.3 ym during SR to 19.2 um after
16 weeks of AF.

Mixed model ANCOVA comparison of the linear
dependency of showed that the increase in myocyte
diameter for the total myocyte population was most
pronounced at LAFW (P<0.001, compared to all
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Figure 2 Light microscopic pictures of 2 um sections from goat atrial myocardium stained with periodic acid Schiff
(PAS; red glycogen staining) and toluidine blue (sarcomere staining). In SR hearts, PAS positive material is virtually
absent in the atrial myocyte cytosol. The sarcomeres stained with toluidine blue are present throughout the cytosol.
After 1 week AF, myolysis and glycogen accumulation occur in a small number of the atrial myocytes. An increase in
the number of atrial myocytes with myolysis and glycogen accumulation occurs after longer AF durations. Also the
degree of myolysis and glycogen accumulation in individual cells increases with the duration of AF. Enlargement of

atrial myocytes due to AF is visible ( x 180).

other sites) and indicated that the atrial cell dia-
meter depends on the extent of myolysis (non-
myolytic cells, v cells with a mild degree of myolysis,
v cells with a severe degree of myolysis) for all atrial
regions (P<0.001, except for BB P=0.024).

Connective tissue

Compared to SR, the connective tissue content did
not undergo any obvious quantitative modification
during 1 to 16 weeks of AF (Table 1). Infarctions
were not observed and cardiomyocyte degeneration
was not detected. Immunohistochemistry did not
show the presence of markers for extracellular mat-
rix remodeling (tenascin and cellular fibronectin). A

normal amount of vimentin-positive mesenchymal
cells were present at the different time points after
induction of AF.

Time course of changes in structural proteins

Cardiotin

In goats with SR, the monoclonal antibody R,G
visualizes staining of the structural protein cardiotin
as longitudinal fibers within the myocytes. After 1
week of AF, the cardiotin staining was altered
in most of the atrial myocytes. The longitudinal
cardiotin arrays were shorter and stained more
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Figure 3 (a,b) Percentage of cells affected by >10% myolysis (mild + severe) as a function of AF duration (means =+ sp).

For all regions, the number of affected myocytes increases with the duration of AF. As an example the sites with the
strongest response the RAA (a) and the area with the lowest response the TAS (b) are given. Lines indicate the best
fitted second degree polynomial. (c,d) Cell diameters (um shortest axis) (means+sp) of atrial myocytes irrespective of
the degree of myolysis (myolytic +non-myolytic), in function of AF duration. As an example, LAFW is given (c) as the
site with the strongest increase in cell size and the IAS as the site with the smallest increase (d). For all regions, the
atrial myocyte diameter increases with the duration of AF. Lines represent the best fitted second degree polynomials.

Titin and its associated proteins

Monoclonal antibodies directed against different
epitopes of titin, as well as those directed to the
titin-associated proteins (myomesin, M-protein and

diffusely. From 4 weeks of AF onwards, the lon-
gitudinal cardiotin staining was absent and only a
diffuse staining or no staining at all could be seen
in the atrial myocytes (Fig. 4a and Table 2).
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SR 1w AF 2w AF 4w AF 8w AF 16w AF

a) Cardiotin

b) Titin at the A-I junction

¢) a-smooth muscle actin

d) Desmin at the intercalated disk

Figure 4 Immunohistochemistry of structural proteins on sections from goat atrial myocardium in SR and after 1, 2,
4, 8 and 16 weeks of AF. (a) Immunofluorescence staining with anti-cardiotin (green) and DAPI nuclear staining
(blue). Cardiotin, displayed as longitudinally orientated filaments during SR, loses its regular organization after 1 week
of AF and is absent from 4 weeks of AF onwards. (b) Immunofluorescence with 9D10 antibody directed against the
A-T junctional part of titin (red) and DAPI-nuclear staining (blue). Normal cross-striated patterns are present during
SR and after 1 and 2 weeks AF. After 4 weeks, the intense titin staining is lost and sometimes only punctated staining
of titin remains. After 16 weeks of AF, only residual titin staining is visible. (c) Immunoperoxidase labeling of «-smooth
muscle actin (red-brown). a-Smooth muscle actin in SR goats is absent from atrial myocytes, only vascular smooth
muscle cells are stained. After 1 week of AF, a-smooth muscle actin is visible as a diffuse weak staining which increases
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Table 2 Time course of changes in structural proteins

Protein Site Weeks AF
0 1 2 4 8 16
Cardiotin RAA + + + — — _
LAA + + + — - —
Titin RAA + + + * + —
LAA + + + + + —
Smooth muscle actin RAA — + + + + +
LAA - + + + + +
Desmin at ID RAA + + + + — —
LAA + + + * —

+ =present, — =absent.

C-protein) showed clear cross-striated staining pat-
terns during SR in goats. Similar staining patterns
were observed after 1 and 2 weeks AF. After 4
weeks AF part of the atrial myocytes showed loss
of the typical cross-striated staining pattern and
the staining intensity was weaker with antibodies
directed against the A-I junctional part of titin
(9D10 and T30) (Fig. 4b and Table 2) and for C-
protein (C1C2). With increasing duration of AF
more atrial myocytes lost the cross-striated staining
patterns of titin at the A-I junction (Table 2). At
16 weeks AF titin staining was lost in almost
all atrial myocytes and only a punctated staining
pattern remained.

In contrast, the staining patterns of other anti-
bodies that recognize epitopes close to the Z- and
M-line [titin (T12, T31, T41), M-protein (AA241)
and myomesin antibody (BB78)], were unaltered
in areas with remaining sarcomeres during the
studied time course of AF. Their staining patterns
were cross-striated like those from other sarcomeric
proteins as actin, myosin and tropomyosin.

o.-Smooth muscle actin

Atrial myocytes from goats in SR lacked a-smooth
muscle actin staining (Figure 4c). After 1 and 2
weeks AF, part of the atrial myocytes displayed a
diffuse staining. A gradual re-expression of a-
smooth muscle actin occurred from 2 weeks AF
onwards (Fig. 4c and Table 2), resulting in an

increased and intensified staining in the individual
myocytes. After 8 and 16 weeks of AF a substantial
portion of the cells displayed an intense staining,
while the remaining part displayed a diffuse o-
smooth muscle actin staining. Smooth muscle cells
from blood vessels reacted strongly with the anti-
a-smooth muscle actin antibody throughout the
whole time course.

Cell adhesion molecules

In myocytes from goats in SR and after 1, 2 and 4
weeks AF, desmin staining co-localized with the
desmosomal proteins desmoplakin (Fig. 4d) and
desmoglein. From 4 weeks onwards, the regular
desmin cross-striation was lost. Desmin remained
in the myolytic areas where sarcomeric proteins as
myosin and actin were absent. After 8 weeks of AF,
desmin staining was lost from the intercalated disks
in a substantial portion of the atrial myocytes (Fig.
4d and Table 2) whereas desmoplakin, desmoglein
and N-cadherin staining remained present. None
of the intercalated disks showed desmin staining
after 16 weeks of AF.

Discussion

Changes in atrial myocardium have been described
for different atrial pathologies both in humans
and in animal models.?”>'*'® Structural changes

with AF duration. (d) Immunofluorescence double-labeling with desmin (green) and desmoplakin (red) and DAPI-
nuclear staining (blue). During SR, desmin is visible in a clear cross-striated pattern. At the site of the desmosomal
contact desmin staining is overlaying the desmoplakin staining (yellow staining). Desmin loses its normal regular
organization in the cytoplasm of the atrial myocytes visual after 4 weeks AF and at 8 weeks of AF the intercalated
disk shows no longer desmin staining, only desmoplakin remained (green) ( x 250).
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in the atrial myocardium are thought to be a
risk factor for the development of AF after
cardiac surgery.'* A variety of changes in cellular
ultrastructure occur in goats with chronic AF.51°
However, none of the studies mentioned above
examined the time course of such changes during
different atrial pathologies.

Quantification of the changes in cellular structure
induced by AF

From the current study we can conclude that
changes in cellular ultrastructure increase with the
duration of AF. During AF, the number of myocytes
affected by myolysis increased. Futhermore, the
extent of myolysis within individual myocytes also
increased during AF. After 8 weeks no further
increase occurred at most atrial sites.

The effect of AF on the extent of myolysis ap-
peared to be site related. Right atrial sites showed a
stronger response than their left atrial counterparts.
Although there is no direct evidence, it is likely
that the atrial sites which are thinner have a higher
propensity to undergo passive stretch, e.g. right
atrial sites compared to their left atrial counterparts.
The size of both myolytic and non-myolytic atrial
myocytes increased with the duration of AF. It is
not known whether or not the myolysis and the
increase in cells size are induced independently.
Both alterations occur as a result of AF, but the
factors contributing to their origin are unknown.
The increase in atrial cell diameter seems to be
most pronounced at the LAA and LAFW, where
higher atrial pressures develop than in right atrium.

Connective tissue content did not change as a
result of AF, which is indicative of the absence of
overt degeneration and reactive fibrosis. This is in
contrast to what has been reported in patients.’”
This discrepancy might be due to the differences in
duration of AF, species, age and/or the presence of
other concomitant pathologies.

The degree of AF-induced changes in cellular
ultrastructure varied among the atrial myocytes.
Heterogeneity of the changes occurred not only
among the different sites, as can be deduced from
quantitative analysis; for an unknown reason,
regional differences were also detected within one
sample, i.e. unaltered atrial myocytes are in-
termingled with cells showing severe myolysis.

Effects of changes in subcellular structure

Redistribution of heterochromatin as seen after 1
week of AF, resembles embryonic/neonatal car-

diomyocytes and is related to embryonic-like gene
expression.'” After 2 weeks of AF a gradual increase
of the effects on sarcomeres, glycogen, mitochondria
and sarcoplasmic reticulum were seen. The impact
of alterations in mitochondria is not fully un-
derstood. Enzyme cytochemical studies showed that
mitochondria with an altered donut-like ap-
pearance posses normal cytochrome-C-oxidase ac-
tivity.'® The loss of sarcoplasmic reticulum and
contractile proteins possibly diminishes contractile
force, resulting in atrial stunning and/or hi-
bernation. If similar changes were present in man
after prolonged AF, as reported by Mary-Rabine et
al.,® they might explain the slow recovery (weeks
to months) after cardioversion of AF in patients.'’
The enhanced accumulation of glycogen in the
structurally altered atrial myocytes might imply
that a metabolic shift has occurred. This storage is
hypothesized to sub-serve high energy demanding
processes, volume regulation and mechanical cell
stability.*®

Changes in structural proteins: “atrial dedifferentiation”

The described cellular structural adaptations are
characteristic for dedifferentiation.?’ Cardiotin, a
structural protein that appears late during em-
bryonic development seems to disappear early in
the reverse process during AF.*? Changes in the
immunohistochemical detectability of the titin epi-
topes at the A-I junction and the first part of the
A-band after 4 weeks of AF is also suggestive
of dedifferentiation. A similar staining of the A-I
junctional part of titin is present during embryonic
development before sarcomere formation.?* During
dedifferentiation induced by AF, alterations in the
scaffold protein titin precede and possibly facilitate
the breakdown of other sarcomeric proteins.

The expression of a-smooth muscle actin is seen
at the onset of myofibrillogenesis.** Re-expression
of a-smooth muscle actin during chronic AF is
possibly necessary for maintaining the cell structure
when the expression of other sarcomeric proteins
is depressed.

During cardiogenesis, desmin is reorganized from
a filamentous to a cross-striated expression pattern
before co-localization with desmoplakin occurs.
Therefore, loss of desmin from the intercalated disk
during chronic AF resembles its organization during
late stages of heart development.* Tissue integrity
is diminished due to the absence of desmin from
the intercalated disk.*
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Induction of atrial “hibernation” after prolonged AF

Ventricular myocytes of patients with low-flow isch-
emia (chronic hibernation) undergo a similar cellu-
lar structural adaptation as atrial myocytes during
chronic AF.®*' However, whether or not ischemia
lies at the basis of the cellular remodeling during
AF, resulting in a “hibernating-like” phenotype, is
not known. In dogs, oxygen consumption of the
atrial tissue increases 2—3-fold after the induction
of AF, resulting in a marked reduction in the flow
reserve.”’ Enhanced lactate production, which is
indicative of ischemia, has been found in patients
with chronic AF.*® However, this could not be
confirmed by Lau et al.?® In dogs, atrial blood flow
was reduced after 4 weeks of pacing-induced AF.*
It is not known whether this reduction in blood
flow is associated with atrial ischemia.?® Metabolic
studies performed in pigs and goats showed that
depletion of high-energy phosphates does not occur
during AF.'*3! Only a reduction in phosphocreatine
content was seen in both studies. The pattern of
Ca’*-distribution during the first 2 weeks of AF
resembles the distribution as seen after acute re-
versible ischemia.'' Taken together, these results
suggest that severe ischemic damage is unlikely to
occur during AF.!! On the other hand, a depressed
contractile activity resulting in increased passive
stretch, might influence protein expression towards
dedifferentiation.'

Possible role of AF-induced cellular structural
remodeling in stabilizing AF

The chance of successful cardioversion and/or pre-
vention of AF in patients is dependent on the
duration of AF and the degree of complexity of
AF. This clinically observed diminished efficacy of
chemical cardioversion after long-term AF** can
not be explained solely by shortening of the atrial
effective refractory period (AERP). Shortening of
the AERP occurred only during the first days of
AF.° A second factor with a slower time course
might be important for the stability of AF, since AF
became persistent after 1-2 weeks.® A direct link
between the herein-described remodeling of the
cellular ultrastructure and the electrophysiological
characteristics of persistent AF has not been made.
However, cellular structural remodeling, including
gap-junctional remodeling, might result in in-
homogeneities of the underlying atrial structure.
Anisotropic conduction as a result of increasing
tissue heterogeneity influences the propagation of
activation front and might thereby be responsible

for conduction block and reentry that stabilizes
AF.** An increasing stability of AF with duration
was shown in the goat by cardioversion studies.
The efficacy of cardioversion by class Ic drugs was
reduced from 78% after 1 month of AF to 30%
after 4 months of AF.** Recently, another study
presented evidence for the cumulative effect of pro-
longed AF paroxysms, which are independent of
electrical remodeling, on AF stability. Goats were
in AF for three consecutive 1-month periods. Fol-
lowing each period, the goat underwent electrical
cardioversion and the AERP was allowed to return
to normal values before reinduction of AF. Repetitive
1-month periods of AF promoted the stability of AF.
The duration of the burst pacing required to induce
sustained AF decreased after each period.”> The
increasing stability of AF occurred in the same time
domain (after 1 month) as the structural remodeling
of the cellular structure which is suggestive of a
possible relationship.
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