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Do Specific Connection Patterns of the Ligament Of Marshall
Contribute Mechanistically to Atrial Fibrillation?

Jay Tiongson, MD and Sanjiv M. Narayan, MB MD FHRS

The Ligament of Marshall (LOM) was first described in 1850 as a remnant of the embryonic
left superior vena cava, consisting of fibrous bands, small blood vessels, and nerve
elements?. Elegant canine? and human?3 studies have since shown that the vein (VOM) and
LOM contain myocardial tissue, the Marshall Bundle (MB), which is electrically active and a
potential cause of atrial fibrillation (AF) in canines.* Accordingly, a great deal of attention has
focused on potential mechanistic contributions of the MB to human AF, given the central role
of thoracic veins such as the pulmonary veins, coronary sinus and vena cava. Nevertheless,
mechanisms linking the MB with human AF are unclear.

A priori, the MB possesses many attributes that may plausibly enable it to trigger and/or
maintain AF. The LOM is a source of focal ectopy in humans® and tachycardia after
isoproterenol infusion in dogs.> The LOM is also well-innervated, predominantly by
sympathetic fibers at its pulmonary vein junction and parasympathetic ganglia at its coronary
sinus junction,® which may explain AF initiation after rapid atrial or pulmonary vein firing”:
8. During AF, LOM electrograms may show shortest cycle-length, highest dominant
frequency® 10 and complex fractionated atrial electrograms (CFAE)10, all of which have been
proposed as attributes of AF sustaining tissue. The LOM has also been targeted for clinical
radiofrequency or ethanol ablation!! for AF.

In this issue of Heart Rhythm, Han et al. present elegant data testing the hypothesis that the
types of connections between the MB, coronary sinus and atria contribute mechanistically to
AF in 64 patients undergoing catheter ablation for persistent AF.12 Using direct LOM
cannulation, adjacent endocardial and epicardial mapping and differential pacing, patients were
grouped into those with single LOM connections (to the CS; n=11), double connections
(between CS and left atrium; n=23), or multiple connections (n=30). This latter group exhibited
variable LOM activation sequences in sinus rhythm, and CFAE in AF. After ablation at the
atrial insertion site in some of these patients, maneuvers such as isoproterenol were able to
elicit MB tachycardia with block to the atrium. The authors use these results to support their
hypothesis that multiple connections between MB, left atrium and coronary sinus may create
paths for reentrant excitation, leading to more complex and rapid activations that help
maintenance of the AF.

The authors should be congratulated on their elegant and painstaking work that strengthens the
mechanistic link between the MB and human AF. However, as expected in such a complex

area, these results also raise many intriguing questions. While supporting the hypothesis that
structural complexity may enable functional complexity (AF), these data stop short of actually

Address for correspondence: Sanjiv M. Narayan, MB MD FHRS Cardiology 111A, VAMC/UCSD Medical Center 3350 La Jolla
Village Drive San Diego, CA 92161. snarayan@ucsd.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.




1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tiongson and Narayan Page 2

defining how these LOM connections drive/sustain AF. In particular, it may have been useful
(though challenging) to use incremental pacing to determine if the maximum rate at which the
LOM can “drive' the atria before showing exit block, and the mode of block, differs between
MB connection types due to wave collision, source-sink mismatch and other factors. Although
the authors describe single LOM connections as slow, figure 4 illustrates LOM potentials
during AF at a very short cycle length (=100 ms), suggesting that LOM with single connections
may also theoretically serve as “drivers' for AF. Thus, future work could be designed
specifically to address the interplay between LOM activation rate and AF in terms of different
connection types.

The results also address an important unknown in the link between CFAE in AF — whether
CFAEs are rate-related 316 or caused by curved, colliding or other complex spatial activation
pathst’: 18, Figure 7 illustrates MB with multiple connections in which electrograms were
fractionated in AF (CL =150 ms) and non-fractionated after ablation (CL =220 ms). It is not
clear from these observations if the absence of CFAE represents slower rate, abolition of
multiple MB connections, or autonomic denervationl? post ablation. Other potentially useful
data not included in the report include the presence of autonomic reflexes during LOM ablation,
given recent data linking the LOM with cardiac autonomic reflexes.6—8: 20

The study is also limited by its retrospective nature, such that MB mapping and ablation were
not standardized. Over half of the study population underwent epicardial mapping of the LOM
because direct cannulation was not possible; in this group it may be difficult to validate MB
potentials distinct from longitudinal dissociation along the lateral ridge. The authors deserve
credit for using differential pacing to circumvent this limitation, despite the challenges of
epicardial capture. Compelling examples of dissociated LOM potentials also mitigate this
concern. Due to variations in recording technique, larger electrodes during epicardial mapping
likely reduce the sensitivity for multiple connections. Results may also reflect structural heart
disease in these patients (mean LVEF 46%), and may differ in other populations. These
limitations, however, may affect the prevalence more than the substance of the authors'
findings.

Lastly, the clinical implications of these findings remain to be defined. LOMs with double or
multiple connections may clearly act as electrical conduits from the pulmonary veins, and
potentially confound antral pulmonary vein isolation. However, this should be evident by
activation sequences during pacing, and it is unclear what additional lesions are needed for
each MB connection type. Endocardial lesions over the LOM may take the form of a mitral-
isthmus line that in turn necessitates establishment of mitral isthmus block to avoid perimitral
reentry2L, It is unclear how often epicardial or coronary sinus2? lesions will be needed.
Assessment of clinical outcome after standardized ablation approaches in a larger series may
address these issues.

Insummary, Han et al. provide valuable human data addressing how the functional connections
of the LOM affect its electrophysiology. These results shed new light on the pathophysiology
of human AF, suggest that the number and type of LOM connections influence the genesis and
maintenance of AF, and may help guide ablation to isolate the LOM. At this point, however,
further studies are needed before concluding that the specific connections of the LOM connect
it mechanistically with AF.

Acknowledgments

This work was supported in part by grants from the National Institutes of Health (R01 HL83359) and Biosense-Webster
to SMN.

Heart Rhythm. Author manuscript; available in PMC 2011 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tiongson and Narayan

References
1

Page 3

Marshall J. On the development of the great anterior veins in man and mammalia: including an account
of certain remnants of foetal structure found in the adult, a comparative view of these great veins in
the different mammalia, and an analysis of their occasional peculiarities in the human subject. Phil
Trans R Soc Lond 1850;140:133-169.

. Scherlag B, Yeh B, Robinson M. Inferior interatrial pathway in the dog. Circ Res 1972;31:18-35.

[PubMed: 5038734]

. Hwang C, Karagueuzian HS, Chen PS. Idiopathic paroxysmal atrial fibrillation induced by a focal

discharge mechanism in the left superior pulmonary vein: possible roles of the ligament of Marshall.
J Cardiovasc Electrophysiol 1999;10(5):636—648. [PubMed: 10355919]

4.ChenP, Wu T, Hwang C, etal. Thoracic veins and the mechanisms of non-paroxysmal atrial fibrillation.

5.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

Cardiovasc Res 2002;54(2):295-301. [PubMed: 12062335]

Doshi RN, Wu TJ, Yashima M, et al. Relation between ligament of Marshall and adrenergic atrial
tachyarrhythmia. Circulation 1999;100(8):876-883. [PubMed: 10458726]

. Makino M, Inoue S, Matsuyama TA, et al. Diverse myocardial extension and autonomic innervation

on ligament of Marshall in humans. J Cardiovasc Electrophysiol 2006;17(6):594-599. [PubMed:
16836704]

. LinJ, Scherlag BJ, Lu Z, et al. Inducibility of atrial and ventricular arrhythmias along the ligament of

Marshall: role of autonomic factors. J Cardiovasc Electrophysiol 2008;19(9):955-962. [PubMed:
18399969]

. Lin J, Scherlag BJ, Niu G, et al. Autonomic elements within the ligament of Marshall and inferior left

ganglionated plexus mediate functions of the atrial neural network. J Cardiovasc Electrophysiol
2009;20(3):318-324. [PubMed: 19261040]

. Wu TJ, Ong JJ, Chang CM, et al. Pulmonary veins and ligament of Marshall as sources of rapid

activations in a canine model of sustained atrial fibrillation. Circulation 2001;103(8):1157-1163.
[PubMed: 11222481]

. Kamanu S, Tan AY, Peter CT, Hwang C, Chen PS. Vein of Marshall activity during sustained atrial

fibrillation. J Cardiovasc Electrophysiol 2006;17(8):839-846. [PubMed: 16903962]

Valderrabano M, Liu X, Sasaridis C, Sidhu J, Little S, Khoury DS. Ethanol infusion in the vein of

Marshall: Adjunctive effects during ablation of atrial fibrillation. Heart Rhythm 2009;6(11):1552—

1558. [PubMed: 19786370]

Han S, Joung B, Scanavacca M, Sosa E, Chen P-S, Hwang C. Electrophysiological Characteristics

of the Marshall Bundle in Humans. Heart Rhythm. 2010 in press.

Rostock T, Rotter M, Sanders P, et al. High-density activation mapping of fractionated electrograms

in the atria of patients with paroxysmal atrial fibrillation. Heart Rhythm 2006;3(1):27-34. [PubMed:

16399048]

Kalifa J, Tanaka K, Zaitsev AV, et al. Mechanisms of Wave Fractionation at Boundaries of High-

Frequency Excitation in the Posterior Left Atrium of the Isolated Sheep Heart During Atrial

Fibrillation. Circulation 2006;113(5):626-633. [PubMed: 16461834]

Narayan SM, Kazi D, Krummen DE, Rappel W-J. Repolarization and Activation Restitution Near

Human Pulmonary Veins and Atrial Fibrillation Initiation: A Mechanism for the Initiation of Atrial

Fibrillation by Premature Beats. J Am Coll Cardiol 2008¢;52(15):1222-1230. [PubMed: 18926325]

Narayan SM, Wright M, Derval N, et al. Demonstration of Fractionated Electrograms At Wavelet

Pivot Points in Human Atrial Fibrillation (abstract). Heart Rhythm. 2010 in press.

Konings K, Smeets J, Penn O, Wellens H, Allessie M. Configuration of unipolar atrial electrograms

during electrically induced atrial fibrillation in humans. Circulation 1997;95:1231-1241. [PubMed:

9054854]

Umapathy K, Masse S, Kolodziejska K, et al. Electrogram fractionation in murine HL-1 atrial

monolayer model. Heart Rhythm 2008;5(7):1029-1035. [PubMed: 18598960]

Lin J, Scherlag BJ, Zhou J, et al. Autonomic mechanism to explain complex fractionated atrial

electrograms (CFAE). J Cardiovasc Electrophysiol 2007;18(11):1197-1205. [PubMed: 17916143]

. Ulphani J, AroraR, Cain J, et al. The ligament of Marshall as a parasympathetic conduit. Am J Physiol
Heart Circ Physiol 2007;293:1629-1635.

Heart Rhythm. Author manuscript; available in PMC 2011 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tiongson and Narayan Page 4

21. Matsuo S, WRIGHT M, Rivard L, et al. Peri-Mitral Atrial Flutter in Patients with Atrial Fibrillation
Ablation. Heart Rhythm 2010;7(1)

22.Chugh A, Oral H, Good E, et al. Catheter ablation of atypical atrial flutter and atrial tachycardia within
the coronary sinus after left atrial ablation for atrial fibrillation. J Am Coll Cardiol 2005;46(1):83—
91. [PubMed: 15992640]

Heart Rhythm. Author manuscript; available in PMC 2011 June 1.



