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The Inferior Right Atrial Isthmus: Further Architectural Insights
for Current and Coming Ablation Technologies
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Morphology and Structure of the Inferior Right Atrial Isthmus. Background: Although linear
ablation of the right atrial isthmus in patients with isthmus-dependent atrial flutter can be highly successful,
recurrences and complications occur in some patients. Our study provides further morphological details
for a better understanding of the structure of the isthmus.

Methods and Results: We examined the isthmic area in 30 heart specimens by dissection, histology, and sca-
nning electron microscopy. This area was bordered anteriorly by the hinge of the tricuspid valve and
posteriorly by the orifice of the inferior caval vein. With the heart in attitudinal orientation, we identified
and measured the lengths of three levels of isthmus: paraseptal (24 ± 4 mm), central (19 ± 4 mm), and
inferolateral (30 ± 3 mm). Comparing the three levels, the central isthmus had the thinnest muscular wall
and the paraseptal isthmus the thickest wall. At all three levels, the anterior part was consistently muscular
whereas the posterior part was composed of mainly fibro-fatty tissue in 63% of hearts. The right coronary
artery was less than 4 mm from the endocardial surface of the inferolateral isthmus in 47% of hearts.
Inferior extensions of the atrioventricular node were present in the paraseptal isthmus in 10% of hearts, at
1–3 mm from the endocardial surface.

Conclusions: The thinner wall and shorter length of the central isthmus together with its distance from the
right coronary artery, and nonassociation with the atrioventricular node or its arterial supply, should make
it the preferred site for linear radiofrequency ablation. (J Cardiovasc Electrophysiol, Vol. 16, pp. 402-408,
April 2005)
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Introduction

The inferior right atrial cavo-tricuspid isthmus, a criti-
cal link for the macro-reentrant circuit of isthmus-dependent
atrial flutter, is the target of catheter ablation techniques that
have become the treatment of choice for this arrhythmia.1-3

Creation of a complete bidirectional conduction block across
the isthmus is the accepted electrophysiological ablation end-
point for long-term success but its achievement may be diffi-
cult or temporary in some patients.4-9 In addition, experimen-
tal animal studies have demonstrated that a transmural lesion
of the atrial wall is required to achieve ablation success.10-12

The ease of obtaining a complete, transmural, and perma-
nent isthmus ablation line depends on architectural factors of
the inferior isthmus such as its size, endocardial geometry,
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and content of myocardial and fibro-fatty tissues at the abla-
tion zone.13-18 Ablation catheters with irrigated or large-tip
electrodes, producing deeper lesions than conventional 4-mm
tip electrodes, are now standard for the ablation of isthmus-
dependent atrial flutter.19-26 Reported rates of atrial flutter re-
currenceswith these new ablation techniques are variable, but
in some centers they may be as high as 10%.27-28 Cryoabla-
tion of atrial flutter, although less painful than radiofrequency
catheter techniques,29-30 is followed by an 11% recurrence
rate of the arrhythmia after an apparent acute bidirectional
isthmic block.30

Apart from success and recurrence rate, additional issues
for isthmic catheter ablation in patients with atrial flutter are
the production of pain,29 and the possibility of damaging el-
ements of the normal AV nodal conduction pathway,31 or
the neighboring vasculature,32-33 and the regional innerva-
tion. The grossmorphological features of the inferior isthmus
have been described in postmortem specimens recogniz-
ing the existence of sectors with a variable content of my-
ocardium and fibro-fatty tissue.13,14 However, architectural
details on the relations among the possible target areas for
ablation with the underlying myocardial thickness, coronary
vessels, nerve endings, and elements of the atrioventricular
node, remain to be examined. The present morphological and
histological study was designed to provide these details for a
better understanding of the target ablation areas in isthmus-
dependent atrial flutter particularly in connectionwith current
and emerging ablation techniques aimed at producing larger
and deeper lesions in this region.
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Figure 1. A: The endocardial surface of the right atrial isthmus is displayed to show the three levels. Note the pouch at the central isthmus and the distal
ramifications of the terminal (Term.) crest that feed into the inferolateral isthmus. B and C: The isthmus viewed in profile. The histological section shows
myocardium in red and fibrous tissue in green. The anterior sector corresponds to the vestibule leading to the tricuspid valve (TV) and is related to the right
coronary artery (RCA). The posterior sector is closest to the orifice of the inferior caval vein and contains the Eustachian valve or ridge (ER) [Masson’s
trichrome stain].

Materials and Methods

We examined 30 formalin-fixed hearts from patients who
died of noncardiac causes (21 males and 9 females, mean
age 46 ± 22 years). The causes of death were traffic accident
(15), lung and ovarian carcinoma (5), suicide (5), and cerebral
hemorrhage (5). All hearts were structurally normal weigh-
ing 360 ± 40 g. The walls of the right atrium were dissected
to display the isthmic area between the inferior caval vein and

Figure 2. A: The three levels of isthmus from a heart specimen that has a right dominant coronary artery. The boxed area is enlarged in B. B and C: illustrate
the myocardial thickness (a) and distance between the endocardial surface and the right coronary artery (b). Note the minor coronary vein close to the
endocardium. P, M, and A = posterior, middle, and anterior sectors, respectively [Masson’s trichrome stain].

the tricuspid valve, which had an irregular quadrilateral shape
(Fig. 1). When traced on heart specimens, we had previously
distinguished threemorphological sectorswithin the isthmus:
the anterior smooth myocardial vestibule or pretricuspideal
region, themiddle trabeculated sector, and the posteriormem-
branous sector adjacent to the Eustachian valve (Figs. 1 and
2).13 The isthmic area was examined along three parallel lev-
els described in attitudinal orientation as paraseptal isthmus,
inferior isthmus, and inferolateral isthmus (Figs. 1 and 2).
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The inferior isthmus is also known as the “central isthmus”
owing to its location between the other two isthmuses on left
anterior-oblique projection. Each level was delimited anteri-
orly by the hingeline of the tricuspid valve. Full thicknesses
of the atrial wall at the isthmus area were prepared for light
and scanning electron microscopic studies. The blocks were
dehydrated in a graded series of ethanol, embedded in paraf-
fin, and serially sectioned at 10 µm in a sagittal plane (15
blocks were sectioned in a frontal plane) that profiled the
three morphological sectors in the same section along each
of the three levels (Fig. 2A). Deparaffinized sections were
stained with Masson’s trichrome and van Gieson techniques
at 1-mm intervals. We measured the wall thickness from en-
docardium to epicardium at the three morphological sectors.
At every sector, the distance from endocardium to the most
epicardial myocardial limit was also measured. In addition,
we measured the minimal distances from the endocardium to
the adventitia of the right coronary artery or minor coronary
veins. We also measured the distances from the right atrial
endocardium to the inferior extensions of the AV node and
noted the presence of ganglia and fibers of the autonomic
nervous system.

Statistical Study

Data are expressed as mean ± standard deviation. Quan-
titative data were compared using an unpaired t-test and P
values less than 0.05 were considered significant.

Results

Gross Morphological Features of the Isthmic Area

The right atrium, as displayed in attitudinally simulated
right anterior oblique projection, showed on its endocardial
surface a quadrilateral-shaped isthmic area bordered by the

Figure 3. A and B: are dissections of the endocardial surface showing the myofiber arrangement (double-headed arrows) and the pale areas that lack
myocardium. C and D: are histologic and scanning electron micrographs, respectively, showing longitudinal myofibers (between arrows) intersecting
circumferentially arranged myofibers in the vestibule (CS = coronary sinus; TC = terminal crest [Masson’s trichrome stain]).

tricuspid valve anteriorly and the Eustachian valve and ridge
posteriorly (Fig. 1A). The superior border of the quadrangle
is the paraseptal isthmus (so-called septal isthmus), which
also marks the base of the triangle of Koch. The length of
the paraseptal isthmus was 24 ± 4 mm (range 14–33 mm).
The inferolateral border of the quadrilateral area contained
the pectinate muscles, which were final ramifications of the
terminal crest. Its length was 30 ± 3 mm (range 18–36 mm).
The central zone of the isthmus, the inferior isthmus, is the
where the inferior caval vein orifice is closest to the tricuspid
valve insertion. It extended over 19 ± 4 mm (range 13–26
mm). In 25 of our specimens (83%) the central isthmus tra-
versed through a recess, the subeustachian sinus (Fig. 1). The
longest diameter of the mouth of the pouch-like recess mea-
sured 14± 3 mm and its depth was 2.9± 1.2 mm and deeper
than 5 mm in two specimens. In the majority of specimens,
the pouch was membranous (63%, 19 hearts), with scarce
muscular fibers (Figs. 2 and 3).

Myocardial Thickness and Architecture
of the Isthmic Region

Table 1 shows the myocardial thickness across the three
isthmic levels and sectors. The central isthmus had the
thinnest muscular wall across the sectors (anterior vestibular,
inferior trabeculated, and posterior membranous) compared
to the paraseptal and inferolateral isthmus (Table 1). In 23
specimens (77%), the posterior membranous and trabecu-
lated sectors of the central isthmus were made up of longi-
tudinal or obliquely arranged bundles of atrial myocardium
separated by connective tissue (Fig. 3). The isthmus level
with the thickest muscular content in all three sectors was the
paraseptal isthmus. The inferolateral isthmus was intermedi-
ate in myocardial thickness.
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TABLE 1

Mean Myocardial Thickness in mm (Range) Across the Three Levels and Sectors of the Isthmus

Sector

Level Posterior Membranous Inferior Trabeculated Anterior Smooth

Paraseptal 3.1 ± 1.3 (1.1–6.9) 2.4 ± 1.1 (1.2–4.1) 4.3 ± 0.9 (2.5–6.1)
Central 1.2 ± 0.7 (0–2.3)∗ 0.8 ± 0.5 (0.2–3.1)∗∗ 3.5 ± 1.2 (1.2–6.1)∗∗∗
Inferolateral 1.6 ± 0.9 (0.3–3.1) 1.7 ± 1.1 (0.5–3.1) 4.1 ± 1.2 (2.1–5.3)
∗P < 0.001 versus paraseptal, ∗P < 0.1 versus inferolateral; ∗∗P < 0.001 versus paraseptal, ∗∗P < 0.01 versus inferolateral; ∗∗∗P < 0.01 versus paraseptal,
∗∗∗P < 0.1 versus inferolateral.

In terms of overall myocardial content of the isthmic
region, the posterior membranous and middle trabeculated
sectors in 19 of our specimens (63%) were composed of
fibro-fatty tissue with sparsemyocardial bundles 1.1–2.1mm
thick that extended from the terminal crest toward the Eu-
stachian ridge to surround the mouth of the coronary sinus.
In this region, the myocardial bundles blended into the left
atrial myocardium along the proximal portion of the coro-
nary sinus (Fig. 3A,B). Variations of this pattern were ob-
served in 11 specimens (37%) that had the posterior and mid-
dle sectors extensively crossed by thick myocardial bundles
3–7-mm thick. Eight of these 11 specimens (26% of the
total) had a prominent Eustachian ridge 3.2 ± 0.8 mm
thick (range 2.1–4.3 mm) and a muscular Eustachian valve
(Fig. 4A). Five of these 11 specimens (17% of the total) had a
muscular Thebesian valve (Fig. 4A,B). The anterior smooth
vestibular sector is consistently muscular with obliquely ar-
ranged bundles fibers terminating on the hinge of the tricus-

Figure 4. A: This series of sections is through the three levels of isthmus from a heart with dominance of the left coronary artery. Note the muscular Thebesian
valve guarding the coronary sinus (CS), prominent Eustachian ridge, and muscular Eustachian valve. The subendocardial connective tissue is thicker in
the anterior sector than in the other two sectors. B: This paraseptal isthmus from a heart with right dominant coronary artery (RCA) includes the artery to
the atrioventricular node (AVNa). C: This magnified view of a paraseptal isthmus shows parasympathetic ganglia (black arrows) and nerve bundles (blue
arrows) close to the coronary sinus (CS). Note proximity of the atrioventricular nodal artery (AVNa) to the endocardial surface (CX = circumflex artery; P,
M, and A = posterior, middle, and anterior sectors, respectively [Masson’s trichrome stain]).

pid valve while others continued superiorly into the triangle
of Koch. In the central isthmus, we found that in 18 hearts
(60%) the obliquely or longitudinal muscle fibers passed
from the middle sector to the anterior sector as the con-
tinuation of the distal ramifications of the terminal crest,
or proceeded towards the region beneath the orifice of the
coronary sinus. Within the vestibular sector, these fibers
were crossed in the subendocardium by circumferentially
arranged fibers in the paraseptal area (Fig. 3A,C,D). In 26
specimens (87%), the posterior membranous sector of the
inferolateral isthmus consisted of densely packed myocar-
dial bundles from the terminal crest (Figs. 1A and 3A,B). In
the remaining four specimens, this sector was membranous
showing extensive fibro-fatty tissue with scanty myocardial
content.

In addition, we observed in most of the hearts (19 speci-
mens, 63%) a fibrous endocardial thickening of 0.5± 0.2mm
in the vestibule of the isthmus compared to a mean thickness
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TABLE 2

Mean Minimal Distance in mm (Range) Between Endocardium and Right
Coronary Artery

Paraseptal isthmus 4.5 ± 2.3 (2–11)
Central isthmus 4.2 ± 2.1 (2–8)
Inferolateral isthmus 3.3 ± 1.1 (3–6)

of 0.2 ± 0.1 mm in the middle and posterior sectors at all
levels of the isthmus.

Relation Between the Paraseptal Isthmus and the
Specialized Atrioventricular Conduction System,
Coronary Vessels, and the Autonomic Nervous System

At the paraseptal isthmus, we found in three specimens
(10%) the inferior extensions of the compact atrioventricular
node with histologically specialized characteristics around
the artery supplying the atrioventricular node. At this level,
the distances between the inferior nodal extensions to the
endocardium ranged from 1 to 3 mm. At the central and
inferolateral isthmic levels, the atrial myocytes did not show
any histologically specialized characteristics reminiscent of
extensions from the sinus or atrioventricular nodes.

The right coronary artery runs epicardially in the fat-filled
atrioventricular groove and is related with the smooth ante-
rior vestibular sector (Figs. 1, 2, and 4B). In five hearts (17%),
the circumflex was the dominant coronary artery and it was
seen only at the paraseptal level (Fig. 4A). Table 2 shows the
minimal distances between the coronary artery and the endo-
cardial surface. In 14 specimens (47%), at the inferolateral
isthmus, the right coronary artery was less than 4 mm from
the endocardium.The atrioventricular nodal artery arose from
the right coronary artery in 25 hearts (83%) and from the cir-
cumflex artery in 5 hearts (17%). At the paraseptal level the
artery passed through the pyramidal space close to the mouth
of the coronary sinus (mean 3.2 ± 1.3 mm, range 0.3–4.4
mm) (Fig. 4A,B,C).

Minor coronary veins of variable diameters were evident
in 25 hearts (83%). They ran intramyocardially in the vestibu-
lar sector of the inferolateral isthmus, parallel to the tricus-
pid annulus, posteriorly and superiorly to the right coronary
artery, to reach the coronary sinus orifice at the paraseptal
isthmus (Fig. 2B).

A small number of parasympathetic ganglia or fibers of
the autonomic nervous system were found epicardially at the
inferior and the paraseptal isthmic levels. They were most
frequently seen in the inferior margin of the coronary sinus
at the paraseptal isthmus (19 hearts, 63%) (Fig. 4C).

Discussion

Major Findings

Although previous anatomical and imaging studies have
shown a range of morphologies and wall thicknesses in the
isthmus,13-18,34 the present study provides further morpho-
logical and histological information in the three levels of the
isthmus and their anatomical relations with the coronary ves-
sels and the inferior extensions of the compact atrioventricu-
lar node, thus providing a guide to designing more effective
and safer ablation lines using new ablating tools. Our histo-

logical results, albeit on normal hearts, demonstrate for the
first time, that the central/inferior isthmus (the 06:00 a.m. re-
gion in a fluoroscopic left anterior oblique view) is thinner
along its entire length encompassing the three morphologi-
cal sectors than the paraseptal and inferolateral isthmus. The
paraseptal isthmus has the thickest wall, harbors the artery to
the atrioventricular node and, in 10% of specimens, the infe-
rior extensions of the node. Our study also showed the close
proximity of the right coronary artery to the endocardium
of the inferolateral isthmus (<4 mm in 47% of specimens).
Furthermore, our observation that the posterior and middle
sectors (at all three isthmic levels)mainly consisted of fibrous
tissue with few myocytes in 63% of specimens, suggests that
the length of the isthmus that needs to be ablated, i.e., the
conducting isthmus, can be considerably narrower than the
area bounded by the anatomic barriers of the tricuspid valve
anteriorly and the inferior caval vein posteriorly.

Myocardial Thickness of the Isthmus and Resistance to
Catheter Ablation

In some patients with common atrial flutter, the ablation
of the inferior isthmus may be difficult requiring many ra-
diofrequency energy applications and long procedural times.
With right atrial angiography it has been found that “difficult
cases” had an enlarged inferior isthmus and a well-developed
pouch-like posterior recess.16,18 Right atrial angiography ac-
curately defines the isthmus anatomy and may facilitate
ablation in difficult cases.15,18 In addition, phased-array in-
tracardiac echocardiography may be used to characterize the
variable wall thickness and to monitor the wall lesions during
radiofrequency applications.34

Our present study shows that the musculature at the
paraseptal isthmus is thicker in all its three sectors (posterior,
middle, and anterior) than the central and inferolateral isth-
mus. This observation may account for some of the difficul-
ties and recurrences noted in clinical series. In patients with
atrial flutter, Fisher et al.35 using criteria of noninducibility
after ablation of typical atrial flutter, reported on success rates
of 40% when the line of ablation was performed between the
tricuspid annulus and the coronary sinus ostium (the parasep-
tal isthmus) as comparedwith 70%when the ablation linewas
traced from the caval vein to tricuspid annulus (central and
inferolateral isthmus). Furthermore, in a prospective and ran-
domized study using a 4-mm tip electrode catheter, Anselme
et al.36 compared the results of radiofrequency ablation at the
paraseptal isthmus (between the Eustachian crest, the coro-
nary sinus, and tricuspid annulus) named by the authors as
“posterior side” of the isthmus, and the inferolateral isthmus
(between the inferior vena cava and the tricuspid annulus)
termed “anterior side” of the isthmus. They noted fewer num-
ber of radiofrequency pulses and shorter fluoroscopy times
when the inferolateral isthmus was selected as the initial ab-
lation target.36 A thicker musculature with frequent muscular
bundles at the paraseptal isthmus together with a prominent
and muscular Eustachian ridge such as found in 26% of our
specimens may require more radiofrequency energy lesions
to complete the ablation line and also require difficult an-
gling of the catheter for good contact. In addition, we found
ganglia and fibers of autonomic nervous system at the epi-
cardial region, which may explain the frequent complaint of
pain experienced by patients when radiofrequency pulses are
delivered in the inferior margin of the coronary sinus.
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Shah et al.37 using a 3D electroanatomic mapping of the
isthmus analyzed the presence of “gaps” or remnant tissue
from ablated areas. In their study, the ablation line was per-
formed between the 5:30 to the 6:30 a.m. position in the fluro-
scopic left anterior oblique projections and gaps through the
ablation linewere situated near the edge of the tricuspid annu-
lus in six patients andnear the edge of the inferior caval vein in
three.Others have located themost commonly occurring gaps
in the vestibule of the tricuspid valve. 38 We have observed
that the vestibular sector consistently has more musculature
than the middle or posterior sectors, a feature that could ac-
count for the more frequent occurrence of post-ablation gaps
at this area. In addition, a large intramyocardial “minor coro-
nary vein” usually found at the vestibular sector may produce
intramural cooling effects that reduce the efficacy of ablative
energy. Fuller and Wood 39 have shown that flow through
even small intramyocardial vessels can prevent transmural
lesion formation and preserve conduction through a radiofre-
quency lesion. Recently, a histopathologic examination in a
patient who had undergone an isthmus ablation showed that
preservedmyocardial cellswere distributed along a small car-
diac vein, lending support to the concept of blood flow having
a protective effect on surrounding atrial myocardium.40

Risk of Inducing AV Block During Ablation
in the Isthmic Area

Recently, new ablation catheters with longer or saline irri-
gated tip electrodes have been shown to produce deeper and
larger isthmic lesions that can facilitate isthmus ablation and
procedural success.20-24 The irrigated-tip catheter can pro-
duce a continuous and larger transmural lesion 1–6 cm along
the isthmus to a depth of 8 mm.25 Theoretically, this can
increase the risk of damaging the right coronary artery, the
artery supplying the atrioventricular node or the inferior ex-
tensions of the node, with the consequence of inducing heart
block. Our present histological study shows the close prox-
imity of the right coronary artery to the endocardium, with
a distance less than 4 mm in 47% of hearts. Madrid et al.21

analyzed the effects on right coronary artery after isthmic
ablation using an irrigated tip catheter in 16 pigs and only
found 2 cases of focal inflammation without endothelium in-
volvement or necrosis. A case report on a patient who had
isthmic ablation with 8-mm tip catheter disclosed intramural
hemorrhage adjacent to the side of the lesion, but no apparent
injury of other layers of the arterial wall.11 Right coronary
angiograms performed before and after the ablation proce-
dures in 30 patients treated by irrigated-tip catheter did not
show changes in the right coronary artery, but the operators
also took care to stay away from the paraseptal isthmus and
the coronary sinus because of the proximity to the atrioven-
tricular conduction system and thin-walled coronary veins.20

The atrial musculature at the paraseptal isthmus is part of the
posteroinferior input toward the atrioventricular node. In the
present study, we found inferior extensions of the node in
the paraseptal isthmus of three specimens (10%). Anselme
et al.36 reported that among the 42 patients in whom abla-
tion was attempted at the paraseptal isthmus, transient atri-
oventricular block was documented in 5 patients (12%), and
permanent atrioventricular block in 1 patient (2.4%). These
incidences concur with other published series.41,42 Atrioven-
tricular block may be the consequence of direct damage to

atrionodal inputs or the inferior nodal extensions,31,43,44 or
trauma to the nodal artery.32,33,45

Limitations

This is an anatomic study on structurally normal hearts
and is without electrophysiological correlates. Materials for
correlative studies are rarely available.11,32,40 Our study, nev-
ertheless, serves to provide anatomical details relevant to clin-
ical practice.

Conclusions

Our anatomic finding showed a nonuniform myocardial
thickness of the inferior right atrial isthmus. Of the three lev-
els of the isthmus, the thinner wall and shorter length of the
central/inferior isthmus should make it the preferred isthmus
for constructing a complete linear line with radiofrequency
ablation. In contrast, the paraseptal isthmus has the thickest
wall, is close to the arterial branch supplying the atrioven-
tricular node and, in some cases, can contain the inferior ex-
tensions of the node. The inferolateral isthmus is the longest
and is in closest proximity to the right coronary artery.
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