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The left ventricular summit (LVS) is a triangular area located at the most superior portion of the left epicardial

ventricular region, surrounded by the two branches of the left coronary artery: the left anterior interventricular artery

and the left circumflex artery. The triangle is bounded by the apex, septal and mitral margins and base. 
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1. Introduction

Despite the intensive research in the anatomical sciences for the past couple of centuries, some structures within

the body remain incompletely described . Moreover, recent developments in invasive cardiology and

electrophysiology have renewed interest in detailed cardiac anatomy . One of the structures that are currently

of special interest is the left ventricular summit (LVS). The LVS is defined as a triangular epicardial area located at

the bifurcation of the left coronary artery. Recent studies are reemphasizing the importance of LVS as the source of

ventricular arrhythmias with a high level of difficulty for treatment with radiofrequency ablation . There are various

approaches for reaching LVS arrhythmias.

Nevertheless, the proximity of the surrounding major cardiac structures might pose a risk of complications, and

therefore, ablation within the LVS region may be challenging . Important anatomical structures, such as

surrounding coronary arteries, epicardial fat and fibrotic components, may complicate the approach .

2. LVS Definition

The LVS is a triangular area located at the most superior portion of the left epicardial ventricular region, surrounded

by the two branches of the left coronary artery: the left anterior interventricular artery and the left circumflex artery

. The triangle is bounded by septal and mitral margins (Figure 1). A delineation by an arched line, with the radius

of this arc being the distance from the left coronary bifurcation artery to the first prominent left coronary artery

septal perforator, represents the most inferior boundary of this arc region (triangle base). Inside this triangular area,

the anterior interventricular cardiac vein (that travels through the anterior part of the atrioventricular groove)

becomes the great cardiac vein that is further heading to the posterior part of the atrioventricular groove 

. Thus, the great cardiac vein/anterior interventricular cardiac vein bisects the LVS into two distinct areas:

superior area (also named the inaccessible area for radiofrequency ablation because of the significant risk of

coronary vasculature damage) and inferior area (the accessible area for radiofrequency ablation, where the
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interventions are relatively safe) (Figure 1A) . Each part of the LVS has a specific relation to the adjacent

anatomical structures, and each will be described below (Figure 1).

Figure 1. The left ventricular summit (LVS) with marked boundaries. (A) The LVS in heart cadaveric specimen; (B)

LVS in medical imaging visualization (angio-computed tomography rendered image). Red asterisk = inaccessible

area, green asterisk = accessible area, violet asterisk = septal summit, black asterisk = aortic–mitral continuity,

yellow asterisk = apex of LVS, AIV = anterior interventricular vein, AV = aortic valve, Cx = circumflex branch of left

coronary artery, GCV = great cardiac vein, LAA = left atrial appendage, LAD = left anterior descending artery, LCA

= left coronary artery, MV = mitral valve, PT = pulmonary trunk, PV = pulmonary valve, SP = septal perforator.

3. LVS Apex

The apex of the LVS is located superiorly towards the left coronary arterial ostium. It begins at the left coronary

artery’s bifurcation to the left circumflex coronary artery and left anterior descending artery. The nearest

neighboring structure to the LVS apex is the aortic root, covered by a large fibrous structure—the aorto-ventricular

membrane  (Figure 2A). The aortic root is the continuation of the left ventricle outflow tract. It occupies a central

position within the heart, located to the right and posteriorly, relative to the subpulmonary infundibulum . The

apex into the deep of the myocardium correlates with the left aortic sinus of Valsalva, septal summit to the right and

aortic–mitral continuity to the left (Figure 1). The epicardial adipose tissue and pulmonary trunk cover the LVS

apex (Figure 2A). The mean distance from the LVS apex to the aortic sinus origin of the left coronary artery is

approximately 10 mm, but may even reach 21 mm . In approximately 10% of hearts, the left coronary artery

trifurcates. Its third branch, the ramus intermedius, penetrates the LVS area, trespassing in the midsection over the

accessible and inaccessible areas. In almost 2% of cases, the apex of the LVS cannot be defined because of the

absence of the circumflex branch of the left coronary artery since it originates directly from the left sinus of

Valsalva. In patients with bicuspid aortic valves, variants are even more commonly observed .
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Figure 2. Photographs of cadaveric heart specimens showing the left ventricular summit (LVS) area with overlying

epicardial adipose tissue. (A) Section through the septal margin of the LVS; (B) view of the LVS after adipose

tissue removal; (C) section through the LVS showing the abundance of the adipose tissue. Black asterisk = aortic–

mitral continuity, yellow asterisk = apex of LVS, AIV = anterior interventricular vein, CS = coronary sinus, Cx =

circumflex branch of left coronary artery, GCV = great cardiac vein, LAA = left atrial appendage, LAD = left anterior

descending artery, LCC = left coronary cusp, LIPV = left inferior pulmonary vein, LMV = left marginal vein, LSPV =

left superior pulmonary vein, OM = obtuse marginal branch, MV = mitral valve, SP = septal perforator.

4. The Septal Margin of LVS

The anterior interventricular groove with the adjacent structures—the left anterior descending artery and anterior

interventricular vein—determines the septal (or superior) boundary of the LVS . The relationship between

those two vessels in the majority (54.4%) of cases presents a profound intersection of the anterior interventricular

vein to the left anterior descending artery . Along the artery and vein, the left coronary cardiac nerve forms the

left coronary subplexus that contributes to the autonomic innervation of the left ventricle . The septal margin

corresponds with the pulmonary trunk. Nevertheless, a few millimeters of the septal summit, or the septal aspect of

LVS, are present between the anterior part of the interventricular groove and the pulmonary trunk. The distance

from the left coronary artery bifurcation to the first dominant septal perforator denotes the length of the septal

margin of the LVS . The annulus of the pulmonary valve and pulmonary trunk is present above the LVS septal

margin. These structures are overlying the LVS in the most superior aspect. The right ventricular outflow tract

correlates with the lower portion of the septal margin, and various amounts of epicardial adipose tissue are present

between those structures (Figure 2C). From the septal margin of LVS, the first or sometimes second diagonal

branch enters the LVS region while septal perforators penetrate the ventricular septum. Rarely, the right-sided

branches occur, creating preconal ring anastomosis—arterial ring of Vieussens . The anterior interventricular

vein enters from the anterior aspect of the interventricular groove into the LVS.

In some cases, when the most dominant septal perforator is more proximal to the left coronary artery bifurcation,

the anterior interventricular vein may not cross the septal margin of the LVS but is then located more distally,

outside the LVS triangle. In an uncommon variation, the anterior interventricular vein may not be present within the
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LVS area as it may drain to the right, towards the anterior cardiac vein . The presence of the myocardial bridges

over the left anterior descending artery should also be mentioned, as their presence is not insignificant within the

left coronary artery tree. Nevertheless, within the anterior interventricular artery, the myocardial bridges are usually

located outside the LVS area as they are much more likely to be found in the middle segment of the artery (75.3%),

followed by distal (20.5%) and proximal (7.4%) segments of the left anterior interventricular artery .

5. Mitral Margin of LVS

The left circumflex coronary artery, together with the accompanying left lateral cardiac nerve, forms the mitral (or

inferior) boundary of the LVS. In the distal sector of the mitral margin, the small section of the great cardiac vein is

also present (Figure 1) . In some cases, the circumflex coronary artery is accompanied by the conus vein,

which trespasses under the trunk of the left coronary artery (Figure 2A,B). The length of the mitral margin is equal

to the length of the septal margin. This margin neighbors close to the mitral annulus (thus the name of the margin),

left fibrous trigon, left atrium and the left atrial appendage base . The left atrial appendage overlaps the mitral

margin, most commonly covering around 80% of its length, but this may vary depending on the left atrial

appendage body type (shape) .

In some cases, the mitral margin’s superior aspect may be covered by the pulmonary trunk or left main pulmonary

artery . The first (or sometimes the second) obtuse marginal branch originates from the left circumflex coronary

artery entering into the LVS from the mitral margin aspect. The great cardiac vein enters over a mitral margin of the

LVS. It crosses the left circumflex coronary artery and then runs into the posterior aspect of the atrioventricular

groove. Several spatial relationships between the great cardiac vein and the left circumflex coronary artery may be

found, with the vein located over the artery being the most common . The left phrenic nerve trespassing

epicardially over the left atrial appendage and then directing to the left dome of the diaphragm may cross the mitral

margin .

References

1. Roberts, W.; Salandy, S.; Mandal, G.; Holda, M.K.; Tomaszewski, K.A.; Gielecki, J.; Tubbs, R.S.;
Loukas, M. Across the centuries: Piecing together the anatomy of the heart. Transl. Res. Anat.
2019, 17, 100051.

2. Dudkiewicz, D.; Słodowska, K.; Jasińska, K.A.; Dobrzynski, H.; Hołda, M.K. The clinical anatomy
of the left atrial structures used as landmarks in ablation of arrhythmogenic substrates and
cardiac invasive procedures. Transl. Res. Anat. 2021, 23, 100102.

3. Whiteman, S.; Alimi, Y.; Carrasco, M.; Gielecki, J.; Zurada, A.; Loukas, M. Anatomy of the cardiac
chambers: A review of the left ventricle. Transl. Res. Anat. 2021, 23, 100095.

[22]

[23][24]

[25]

[19]

[26]

[15]

[19]

[27][28][29][30]



Left Ventricular Summit | Encyclopedia.pub

https://encyclopedia.pub/entry/12927 5/7

4. Kucybała, I.; Ciuk, K.; Klimek-Piotrowska, W. Clinical anatomy of the human heart atria and
internal septum—Anatomical basis for interventional cardiologists and elektrocardiologists. Part 1:
Right atrium and interatrial septum. Kardiol. Pol. 2018, 76, 499–509.

5. Ciuk, S.; Janas, P.; Klimek-Piotrowska, W. Clinical anatomy of the human heart atria and internal
septum—anatomical basis for interventional cardiologists and elektrocardiologists. Part 2: Left
atrium. Kardiol. Pol. 2018, 76, 510–519.

6. Kumagai, K. Idiopathic ventricular arrhythmias arising from the left ventricular outflow tract: Tips
and tricks. J. Arrhythmia 2014, 30, 211–221.

7. Enriquez, A.; Malavassi, F.; Saenz, L.C.; Supple, G.; Santangeli, P.; Marchlinski, F.E.; Garcia, F.C.
How to map and ablate left ventricular summit arrhythmias. Heart Rhythm. 2017, 14, 141–148.

8. Yamada, T.; McElderry, H.T.; Doppalapudi, H.; Okada, T.; Murakami, Y.; Yoshida, Y.; Yoshida, N.;
Inden, Y.; Murohara, T.; Plumb, V.J.; et al. Idiopathic ventricular arrhythmias originating from the
left ventricular summit: Anatomic concepts relevant to ablation. Circ. Arrhythmia Electrophysiol.
2010, 3, 616–623.

9. McAlpine, W.A. Heart and Coronary Arteries: An Anatomical Atlas for Clinical Diagnosis,
Radiological Investigation, and Surgical Treatment; Springer: New York, NY, USA, 1975; pp. 160–
178.

10. Loukas, M.; Bilinsky, S.; Bilinsky, E.; el-Sedfy, A.; Anderson, R.H. Cardiac veins: A review of the
literature. Clin. Anat. 2009, 22, 129–145.

11. Mazur, M.; Żabówka, A.; Bolechała, F.; Kopacz, P.; Klimek-Piotrowska, W.; Hołda, M.K. Variations
and angulation of the coronary sinus tributaries: Implications for left ventricular pacing. Pacing
Clin. Electrophysiol. 2019, 42, 423–430.

12. Frankel, D.S.; Mountantonakis, S.E.; Dahu, M.I.; Marchlinski, F.E. Elimination of ventricular
arrhythmias originating from the anterior interventricular vein with ablation in the right ventricular
outflow tract. Circ. Arrhythmia Electrophysiol. 2014, 7, 984–985.

13. Mazur, M.; Holda, M.; Koziej, M.; Klimek-Piotrowska, W.; Kuniewicz, M.; Matuszyk, A.; Konarska,
M.; Jaworek, J.; Mróz, I. Morphology of tributaries of coronary sinus in humans. Folia Med. Crac.
2015, 55, 5–13.

14. Kassem, M.W.; Lake, S.; Roberts, W.; Salandy, S.; Loukas, M. Cardiac veins, an anatomical
review. Transl. Res. Anat. 2021, 23, 100096.

15. Kuniewicz, M.; Krupiński, M.; Gosnell, M.; Budnicka, K.; Jakob, N.; Karkowski, G.; Urbańczyk-
Zawadzka, M.; Lelakowski, J.; Walocha, J. Applicability of computed tomography preoperative
assessment of the LAA in LV summit ablations. J. Interv. Card. Electrophysiol. 2020, 14.



Left Ventricular Summit | Encyclopedia.pub

https://encyclopedia.pub/entry/12927 6/7

16. Michałowska, I.M.; Hryniewiecki, T.; Kwiatek, P.; Stokłosa, P.; Swoboda-Rydz, U.; Szymański, P.
Coronary Artery Variants and Anomalies in Patients With Bicuspid Aortic Valve. J. Thorac. Imaging
2016, 31, 156–162.

17. Liao, H.; Wei, W.; Tanager, K.S.; Miele, F.; Upadhyay, G.A.; Beaser, A.D.; Aziz, Z.; Nayak, H.M.;
Ozcan, C.; Nishimura, T.; et al. Left ventricular summit arrhythmias with an abrupt V3 transition:
Anatomy of the aortic interleaflet triangle vantage point. Heart Rhythm. 2021, 18, 10–19.

18. Li, A.; Zuberi, Z.; Bradfield, J.S.; Zarif, J.K.; Ward, D.E.; Anderson, R.H.; Shivkumar, K.; Saba,
M.M. Endocardial ablation of ventricular ectopic beats arising from the basal inferoseptal process
of the left ventricle. Heart Rhythm. 2018, 15, 1356–1362.

19. Ishizawa, A.; Fumon, M.; Zhou, M.; Suzuki, R.; Abe, H. Intersection patterns of human coronary
veins and arteries. Anat. Sci. Int. 2008, 83, 26–30.

20. Pauza, D.H.; Skripka, V.; Pauziene, N.; Stropus, R. Morphology, distribution, and variability of the
epicardiac neural ganglionated subplexuses in the human heart. Anat. Rec. 2000, 259, 353–382.

21. Loukas, M.; Patel, S.; Cesmebasi, A.; Muresian, H.; Tubbs, R.S.; Spicer, D.; Dabrowski, M. The
clinical anatomy of the conal artery. Clin. Anat. 2016, 29, 371–379.

22. von Lüdinghausen, M. The venous drainage of the human myocardium. Adv. Anat. Embryol. Cell
Biol. 2003, 168, 1–104.

23. Roberts, W.; Charles, S.M.; Ang, C.; Holda, M.K.; Walocha, J.; Lachman, N.; Tubbs, R.S.; Loukas,
M. Myocardial bridges: A meta-analysis. Clin. Anat. 2021, 34, 685–709.

24. Kosiński, A.; Grzybiak, M.; Skwarek, M.; Hreczecha, J. Distribution of muscular bridges in the
adult human heart. Folia Morphol. 2004, 63, 491–498.

25. Janes, R.D.; Brandys, J.C.; Hopkins, D.A.; Johnstone, D.E.; Murphy, D.A.; Armour, J.A. Anatomy
of human extrinsic cardiac nerves and ganglia. Am. J. Cardiol. 1986, 57, 299–309.

26. Slodowska, K.; Szczepanek, E.; Dudkiewicz, D.; Holda, J.; Bolechała, F.; Strona, M.; Lis, M.;
Batko, J.; Koziej, M.; Holda, M.K. Morphology of the lest atrial appendage—introduction of a new
simplified shape-based classification system. Heart Lung Circ. 2021, 30, 1014–1022.

27. Whiteman, S.; Saker, E.; Courant, E.; Salandy, S.; Gielecki, J.; Zurada, A.; Loukas, M. An
anatomical review of the left atrium. Transl. Res. Anat. 2019, 17, 100052.

28. Huemer, M.; Wutzler, A.; Parwani, A.S.; Attanasio, P.; Haverkamp, W.; Boldt, L.H. Mapping of the
left-sided phrenic nerve course in patients undergoing left atrial catheter ablations. Pacing Clin.
Electrophysiol. 2014, 37, 1141–1148.

29. Kowalski, M.; Ellenbogen, K.A.; Koneru, J.N. Prevention of phrenic nerve injury during
interventional electrophysiologic procedures. Heart Rhythm. 2014, 11, 1839–1844.



Left Ventricular Summit | Encyclopedia.pub

https://encyclopedia.pub/entry/12927 7/7

30. Fukumoto, K.; Takatsuki, S.; Jinzaki, M.; Yamada, M.; Tanimoto, K.; Nishiyama, N.; Aizawa, Y.;
Hagiwara, Y.; Fukuda, Y.; Kimura, T.; et al. Three-dimensional imaging and mapping of the right
and left phrenic nerves: Relevance to interventional cardiovascular therapy. Europace 2013, 15,
937–943.

Retrieved from https://encyclopedia.pub/entry/history/show/30381


