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Abstract
BACKGROUND 
Coronary sinus (CS) imaging has recently gained importance due to increasing 
need for mapping and ablation of electrophysiological arrhythmias and left 
ventricular (LV) pacing during cardiac resynchronization therapy (CRT). Retr-
ograde venogram is the current standard for imaging CS and its tributaries.

AIM 
To evaluate CS anatomy during levophase of routine coronary angiography to aid 
LV lead implantation during CRT.

METHODS 
In this prospective observational study, 164 patients undergoing routine coronary 
angiography for various indications (Chronic stable angina-44.5%, acute coronary 
syndrome- 39.5%, Dilated cardiomyopathy-11%, atypical chest pain-5%) were 
included. Venous phase (levophase) of left coronary injection was recorded in left 
anterior oblique - cranial and right anterior oblique -cranial views. Visibility of 
coronary veins, width and shape of CS ostium, angulations of proximal CS with 
body of CS were noted. Presence, size, take-off angle and tortuosity of postero-
lateral vein (PLV), anterior interventricular veins (AIV) and middle cardiac vein 
(MCV) were also noted.

RESULTS 
During levophase, visibility grade (Muhlenbruch grade) for coronary veins was 3 
in 74% and 2 in 26% of cases. Visibility of CS did not correlate with body mass 
index. The diameter of CS ostium was < 10 mm, 10-15 mm and > 15 mm in 48%, 
42% and 10% of patients respectively. Proximal CS was tubular in 136 (83%) 
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patients and funnel-shaped in 28 (17%) patients. Sharp take-off angulation between ostium and 
body of CS was seen in 16 (10%) patients. Two or more PLV were present in 8 patients while PLV 
was absent in 52 (32%) patients. Angle of take-off of PLV with body of CS was favourable (0°-45°) 
in 65 (40%) patients. The angle was 45°-90° in 36 patients and difficult take-off angle (> 90°) was 
seen in 8 patients. Length of PLV reached distal third of myocardium in 84 cases and middle third 
in 11 cases. There was no tortuosity in 79 cases, a single bend in 29 cases and more than 2 bends in 
4 cases. Thirty nine (24%) patients had other veins supplying posterior/Lateral wall of LV. There 
was a single vein supplying lateral/posterior wall in 31 (19%) patients. Diameter of MCV and AIV 
was significantly larger in patients with absent PLV as compared to patients with a PLV.

CONCLUSION 
Levophase study of left coronary injection is effective in visualization of the CS in almost all 
patients undergoing coronary angiography and may be an effective alternative to retrograde 
venogram in patients with LV dysfunction or LBBB.

Key Words: Posterolateral vein; Ostium; Angiography; Sharp take off; Favourable angulation
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Core Tip: In this prospective, observational study, we assessed venous phase of coronary angiogram (n = 
164) with the intent to evaluate coronary sinus anatomy for purpose of left ventricular (LV) lead 
placement during cardiac resynchronization therapy. Levophase analysis showed excellent visibility of 
coronary sinus and its tributaries irrespective of body mass index. Shape of ostium & angulations within 
body of coronary sinus could be delineated reliably. Number, size, take off angle and any tortuosity within 
postero-lateral vein could be well identified. We found levophase study of coronary angiography an 
acceptable alternative to retrograde venography for LV lead placement assessment.
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INTRODUCTION
Imaging of the coronary venous system is usually overshadowed by that of the coronary arteries. 
However, imaging of coronary venous system has gained importance in recent past, as many cardiac 
interventions currently use the coronary sinus e.g., mapping and ablation of various arrhythmias, left 
ventricular (LV) pacing, targeted drug delivery, and stem cell therapy. The coronary sinus (CS) is the 
largest cardiac venous structure and is frequently cannulated during electrophysiologic and interven-
tional procedures. Thus, detailed knowledge of its normal anatomy and anomalies is of paramount 
importance to avoid any complications[1,2].

The cardiac veins are classified, according to the region they drain viz. the CS and its tributaries, the 
anterior cardiac veins, and the thebesian veins[3-6]. The anterior cardiac veins are the primary venous 
return for the anterior wall of the right ventricle. They include three or four small veins which drain 
directly into the right atrium either separately or after forming a common venous trunk before emp-
tying into the right atrium[5]. The right marginal vein is a relatively constant vein which ascends along 
the right margin of the heart. The right marginal vein can also drain into the small cardiac vein, which 
runs in the right atrioventricular groove which eventually terminates by draining into the CS or directly 
into the right atrium[5]. The thebesian veins (venae cordis minimae) are several small veins that drain 
the subendocardium.

The major tributaries of the CS include: (1) The anterior interventricular vein; (2) The great cardiac 
vein (GCV); (3) The left marginal vein and posterior vein; and (4) the middle cardiac vein or posterior 
interventricular vein. The CS is variable in size. It varies 45 to 63 mm in length, and the size of the 
ostium ranges from 4 mm × 5 mm to 9 mm × 16 mm[7-10].

Cardiac resynchronization therapy (CRT) involves LV pacing in patients with LV systolic dysfunction 
to improve synchronization of LV conduction. It yields the best results when the LV lead is implanted in 
area of latest mechanical activation, with the lateral and posterior branches being the usual target veins 
for this procedure[3]. Hence, CS imaging can play an important role in planning LV lead implantation 
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strategy and help identify suitable veins in area of interest. The most co mmonly employed technique to 
visualize CS anatomy is occlusive retrograde venography. In this study, we evaluated venous phase 
(levophase) of coronary angiography to assess its utility in studying CS anatomy.

MATERIALS AND METHODS
All patients above 18 years of age undergoing coronary angiography for various indications between 
November 2017 and October 2018 were considered for inclusion. Patients who were in cardiogenic 
shock, had congestive heart failure, had eGFR < 50 mL/min, those having severe left main disease or 
complex congenital heart disease were excluded from the study.

Our study included patients who were undergoing invasive coronary angiography for different 
reasons such as acute coronary syndromes or stable angina. A written informed consent was taken from 
all patients in our study. Baseline characteristics were recorded in all patients which included age, sex, 
height, weight, NYHA functional class, cardiovascular risk factors like diabetes mellitus, hypertension, 
smoking, prior history of coronary artery disease (CAD) and left ventricular ejection fraction (LVEF).

Patients underwent a coronary angiogram from either the radial route using a 5F tiger catheter or 
femoral route with a 5F/6F Judkins left diagnostic catheter. A non-ionic, low osmolarity, iodide contrast 
medium - Iohexol (Omnipaque, GE Healthcare, Chicago, Illinois, United States) was used through 
manual injection in all cases. After canulating the left coronary ostium, a left anterior oblique (LAO) 
caudal view was recorded to detect patients with severe left main disease or any abnormality affecting 
the safety of the procedure. Further coronary angiogram was done with necessary angiographic view as 
per detected lesions. LAO with cranial angulation (LAO 40 degrees, cranial 30 degrees) and right 
anterior oblique (RAO) with cranial angulation (RAO 30 degrees, cranial 30 degrees) views were 
recorded for all patients. These are the views in which venous anatomy was studied. Venous phase 
(levo-phase) of injection was recorded beyond the initial 5-10 seconds to visualise the coronary venous 
anatomy in these LAO- cranial and RAO-cranial views. Recording was done on cine mode at rate of 15 
frames per second. The rest of the coronary angiogram and all other procedure including intervention, 
post-procedure care was done as per routine. In some cases, the coronary venous anatomy could also be 
seen in other views taken during the study. When this revealed additional information, they were also 
included in our analysis.

Analysis of coronary venogram
Visibility of the coronary veins was classified on the 0-3 point scale described by Muhlenbruch et al[10] 
(Table 1).

Measurements were taken on the CAAS QCA software based on pixel size and comparison with the 
catheter diameter. Width of the coronary sinus ostia was measured. Shape of the coronary sinus: 
tubular, funnel-shaped or other was recorded (Figure 1). The proximal portion of the coronary sinus 
was studied subjectively for factors that affect sheath selection such as angulation and presence of a 
thebesian valve. Superior angulation of the proximal portion of the coronary sinus with the body of the 
coronary sinus was measured in the LAO cranial view and classified into 3 groups: (Figure 2) Group 1: 
0°-30°; Group 2: 31°-60° and Group 3: > 60°. The presence of posterior angulation of the coronary sinus 
ostia with the body of the coronary sinus was recorded in the RAO cranial view. LAO cranial view was 
studied for the presence of a Thebesian valve. A Thebesian valve was detected by noting an upward 
direction of outflow into the right atrium (RA) from the coronary sinus, and by a smooth inferior border 
of the outflow jet.

Other anomalies in venous anatomy such as posterior lateral vein (PLV) draining near the coronary 
sinus ostia or directly into the RA, left superior vena cava (SVC) were also recorded when relevant. 
Number of suitable (> 2 mm diameter) PLVs were noted. Veins with a diameter of > 2 mm measured 
2cms distal to its ostium were considered favourable. Veins tapering or dividing into venules of less 
than 2 mm size before running 2 cms as seen in two recorded views were classified as unfavourable. The 
diameter of the PLV, measured at 2 cms distal to its ostia with the coronary sinus was noted. In cases 
with > 1 PLV, the diameter of the largest PLV was recorded. The angle made by the PLV with body of 
CS was also noted in the LAO cranial view and classified into 3 groups: (Figure 3) - Easy take-off: (0° to 
45°); Medium difficulty: 45° to 90°; Difficult take-off: > 90°.

When a PLV was absent, the incidence of other tributaries draining the posterior-lateral part of the LV 
was studied. Diameter of the anterior interventricular vein (AIV) and the middle cardiac vein (MCV) 
was recorded in all cases. Comparisons were made of the diameters of the AIV and MCV in patients 
with and without a PLV. Tortuosity of the PLV most suitable for the purpose of CRT LV lead was 
studied, and the number of bends were also recorded.

Statistical analysis
Demographic data were reported as percentages, mean and median were calculated when applicable. 
Chi square test and the student t-test were used for statistical analysis. P value < 0.05 was considered 
statistically significant. All data were analyzed using the Statistical Package for the Social Sciences (IBM 
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Table 1 Visibility of the coronary veins was classified on the 0-3 point scale

Grade Visibility

0 Not visible

1 Visible but with discontinuities

2 Visible but with irregular borders

3 Visible with vascular borders perfectly defined

Figure 1 Funnel Shaped Ostium as seen in left anterior oblique cranial view. A: Fluoroscopic image; B: Rendered image with dotted lines outlining 
coronary sinus morphology.

Figure 2 Superior angulation made by the proximal portion of the coronary sinus with the body of the coronary sinus in left anterior 
oblique cranial view. A: Fluoroscopic image; B: Rendered image with dotted lines outlining coronary sinus anatomy, black arrows represent angle subtended.

SPSS; Chicago, IL, United States) program, version 20.

RESULTS
A total of 168 patients undergoing coronary angiography for various indications between November 
2017 and October 2018 were included in our study. Coronary sinus could not be assessed in four 
patients due to a suboptimal study (inadequate volume of dye given, too short cine time) and were 
excluded from analysis. Data of the remaining 164 patients was analysed. 116 (72%) were male and the 
mean age of the study population was 53.3 years (Figure 4). The various indications for coronary 
angiography were Chronic Stable Angina in 73 (44.5%) cases, Acute Coronary Syndrome in 65 (39.5%) 
patients [43 with Non-ST elevation Myocardial infarction, 22 With ST-elevation myocardial infarction], 
Dilated cardiomyopathy/ischemic cardiomyopathy was present in 11 (7%) patients. Angiography was 
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Figure 3 Favourable and unfavourable take off angles of posterolateral vein. A: Example of posterolateral vein (PLV) with favourable angle-
fluoroscopic image; B: Corresponding rendered image with dotted lines outlining coronary sinus (CS) morphology, white arrow denoting narrow angle between body 
of CS and PLV, black notched arrow represents single bend in PLV; C: Example of unfavourable angle PLV-fluoroscopic image; D: Corresponding rendered image 
with dotted lines outlining CS morphology, white curved arrow denoting wide angle between PLV and CS body.

Figure 4 Demographic profile of study population.

performed for the evaluation of atypical chest pain in 09 (5%) patients, 2 patients had VT in a 
structurally normal heart, 3 patients underwent routine angiography prior to valve replacement, and 1 
patient had PSVT with angina. The LVEF of patients ranged from 22%-76%. Eleven patients (7%) had an 
EF of less than 35%. 93 patients (57%) had an EF of 50% and above. The body mass index (BMI) in 53% 
of patients ranged from 18-24, 6% had a BMI of 30 or above and 14% had a BMI of less than 18. The 
visibility of CS did not correlate with BMI (P = 0.69). The visibility score was 3 in 121 (74%) cases, 2 in 43 
(26%) cases, < 2 in 0 cases. Access was via right radial artery in 134 (89%) patients, right femoral artery in 
16 (11%) patients. The mean contrast medium volume used was 65.2 ± 26.6 mL. Among complications, 
two patients developed grade 1 radial hematoma, and none had any complications related to femoral 
arterial access. No contrast-induced nephropathy was seen in our study.
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Coronary venous anatomy
The diameter of CS ostia ranged from 2 mm-18 mm.The diameter was < 10 mm in 80 (48%) of the 
patients, 10-15 mm in 74 (42%) of patients and > 15 mm in 10% patients. Ostial stenosis (diameter < 2 
mm) was present in 1 case with a co-existing left SVC. The shape of proximal portion of CS was tubular 
in 136 (83%) patients and funnel-shaped in 28 (17%) patients (Figure 1). The superior Angle between 
body of CS and ostia (take-off angle) in LAO cranial view was 0°-30° (horizontal) in 102 (63%) patients, 
31°-60° (intermediate) in 45 (27%) patients and > 60° (sharp angulation) in 16 (10%) patients (Figure 2). 
Significant posterior indentation in RAO cranial view was seen in 5 patients. Presence of a thebesian 
valve (directing inferior border of flow into RA superiorly as seen in LAO cranial view) was present in 
21 cases. Two or more PLV were present in 8 patients while PLV was absent in 52 (32%) patients. The 
diameter of the largest PLV was 4.1 mm. Angle of take-off of PLV with body of CS was favourable in 65 
(40%) patients (0°-45°). The angle was 45°-90° in 36 patients and difficult take-off angle (> 90°) was seen 
in 8 patients. Extension or length of largest PLV (from base to apex) was assessed in RAO cranial view. 
Base to apex length was equally divided into 3 equal parts-proximal, mid and distal one third. It 
reached distal third in 84 patients, up to mid third in 11 patients and remained in proximal third in 5 
patients. No bends were seen in PLV in 79 cases. There was single bend in 29 cases and more than 2 
bends in 4 cases. 39 (24%) patients had other veins supplying posterior/lateral wall of LV. There was a 
single vein supplying lateral/posterior wall in 31 (19%) patients.

Diameter of the middle cardiac vein (MCV) was significantly larger in patients with absent PLV, 
compared to patients with a PLV. The mean diameter of MCV in patients without a PLV (n = 52) was 4.9 
mm (SD 1.7), the mean diameter of patients with a PLV (n = 112) was 3.3 mm (SD 1.5), P = 0.000291. 
Similarly, diameter of the anterior inter-ventricular vein (AIV) was larger in patients with absent PLV 
compared to patients with a PLV. Mean diameter of AIV in patients without PLV was 3.3 mm (SD 1.2), 
the mean diameter of AIV in patients with a PLV was 2.6 mm (SD 1.3). However, the difference did not 
reach statistical significance (P = 0.076).

Of the 13 cases in which no suitable vein was visible, aberrant origin of left circumflex coronary artery 
(LCX) via the right sinus was detected in retrospect in 1 patient. Five patients had severe CAD involving 
the LCX, one patient had severe disease involving both the distal right coronary artery (RCA) and the 
LCX. The MCV was larger than 6 mm in 3 patients, The AIV was > 5 mm in 1 patient. No cause could be 
found in 2 patients.

Severe CAD involving the arterial supply of the posterior lateral wall of LV was present in 23 out of 
50 (46%) patients with an absence of PLV, compared to 18 out of 100 (18%) patients with a PLV (Relative 
Risk (RR) = 2.55; P value 0.0086). Other findings included separate opening of the PLV into the RA in 1 
patient. PLV opening near the ostia of the coronary sinus seen in 6 patients.

DISCUSSION
In our observational study of levophase of coronary angiograms, we analysed coronary venous 
anatomy for the purpose of cardiac resynchronization therapy (CRT) LV lead placement. Coronary 
sinus lead placement for resynchronisation therapy is required at all ages, and younger patients of 
dilated cardiomyopathy are a common subgroup. There is no sex predilection for dilated cardiomy-
opathy. In our study the median age was 56 years. Sex ratio was 2.5:1 (male:female). Age and sex distri-
bution of the study is characteristic of the patient population seeking treatment at our tertiary care 
centre. This phenomenon is known to skew data of studies conducted in developing countries. There is 
a strong referral bias; female patients are more likely not to reach a tertiary care centre for treatment. 
The sex ratio in similar studies carried out in the western countries were 0.8:1 in a study of retrograde 
balloon occlusion venography by Mischke et al, and 1.2:1 in a study of levo-phase coronary angiograpy 
by Gilard et al[11,12]. Similarly there was no gender bias in anatomical studies of the coronary venous 
anatomy on human cadavers.

Nearly all cases in our study underwent coronary angiography for the evaluation and treatment of 
coronary artery disease. Only 11 patients had severe LV dysfunction which is present in all cases 
requiring CRT. Although the branching pattern can be assumed to be unaffected by the development of 
cardiomyopathy, there can be significant change in angle of opening of coronary ostium in cases with 
significant enlargement of left heart and normal sized RA and RV. Our study had too few cases of 
cardiomyopathy to be able to detect such a difference. The coronary sinus was adequately visualized in 
all cases. The borders were sharply delineated in a majority (visibility scale 3 in 74%). In the rest of the 
cases the borders were hazy but sufficient for the purpose of guiding the planning of LV lead 
implantation. Surprisingly, obesity (BMI) did not affect visibility. Because we obtained the CS anatomy 
in levophase in patients undergoing coronary angiography only in two views without any extreme 
angulation, insignificant amount of additional radiation exposure was anticipated.

The visibility of the venous system in our study was comparable to that attained by 360 slice CT 
study conducted by Chunjuan Sun et al[13]. In our study we identified a separate opening of the PLV 
into the RA in 1 case, and a suitable PLV opening close to the CS ostia in 6 cases. These are visualized 
better antegrade than retrograde as selective hooking will cause them not to be opacified. Meisel et al[14] 
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in their study on retrograde CS venography obtained optimum anatomical information in 67% of cases, 
compared to 92% in our study.

It is believed that retrograde occlusive venography better visualises the CS anatomy but it has its own 
lacunae. Some physicians use hyperaemic agents to aid visualization of CS in levophase. Arbelo E et al
[15] compared occlusive retrograde venography with hyperaemic venous return angiography 
(levophase of coronary angiography). They used 200 µg of intracoronary Nitroglycerine or 60 µg of 
Adenosine to increase the coronary flow and thus the venous return in coronary sinus. The anatomical 
information obtained by both methods was adequate (100% vs 97.5%, respectively). Although occlusive 
retrograde venography is the most co mmonly employed technique, it has its own drawbacks. First, in 
the absence of venous anastamoses, veins with a posterior origin may not be visualized. Sometimes 
balloon does not provide a completely occlusive barrier, and 2 injections (distal and proximal) are then 
required to highlight the venous anatomy. In addition, for the opacification of the AIV, contrast medium 
has to be injected with the balloon inflated more distally in the GCV. This may lead to complications 
such as dissection of CS and heart blocks[15].

Levo-phase radiological anatomy
We utilized 2 orthogonal views viz. LAO Cranial (40°, 30°), and RAO Cranial (30°, 30°) to view the 
Coronary Sinus. The LAO Cranial view showed the coronary ostia clearly. This view visualizes the 
proximal portion of CS without foreshortening and we can also see its angulation with main body of CS. 
Posterior vein, PLV, lateral vein were also well differentiated in this view along with the take-off angle 
of the PLV with the body of the CS. However, the distal portion of the Coronary Sinus was 
foreshortened in this view, making it hard to differentiate an anterolateral vein from an AIV. Presence of 
a thebesian valve was detected by noting an upward direction of the outflow jet into the RA. The 
inferior border of the outflow is smooth. We found evidence of a thebesian valve in 21 cases. An 
obstructive thebesian valve may require an Amplatz guiding catheter to cannulate the CS ostium. 
Mischke K et al[11] in their study of coronary venous anatomy found evidence of a thebesian valve in 11 
out of 100 cases. These figures are much less than those found in anatomical studies carried out by 
Randhawa et al[16] (thebesian valves seen in 50 dissections) and by Noheria et al[17] (309 valves seen in 
643 dissections). Small sized valves visible on direct examination are of little clinical significance[15,16].

RAO cranial view showed the ostia and the proximal portion of the CS end on. The proximal portion 
was however foreshortened. Posterior indentation of the proximal portion of the CS before joining the 
main CS body was studied in this view. We found this in 5 (3%) of 164 cases. This view was most useful 
for showing the length of the vein, from the base of the heart (AV groove) to the apex. In our study, we 
divided this base to apex distance into 3 equal lengths: Proximal, mid, and distal; 81% of the PLVs 
extended upto the distal one third.

In some cases, the coronary venous anatomy could also be seen in other views taken during the 
study. The RAO caudal view was very useful in showing the branches of the MCV, which were not 
visible in our 2 cranial views. Having more views also helped in showing the PLV in greater detail. 
More bends could be seen when more views were available.

The optimal site for LV lead placement is the posterior lateral wall of the LV. Of the 164 patients in 
our study, 151 (92%) had a suitable vein draining the posterior lateral wall of the LV. In 112 cases this 
was the PLV; in another 39, other veins drained this area. A critically stenosed LCX or a super-dominant 
RCA were strongly associated with failure to visualize an adequate vein. In one case in which the PLV 
was not visualized, the patient was found to have an anomalous LCX. If dye had been injected into this 
anomalous vein (instead of into the LAD) a PLV would probably be seen. The PLV opacifies if dye is 
injected into the region (posterior lateral wall of the LV) that it drains. In most cases the artery 
supplying the area drained by the PLV is the LCX, in some it is a super-dominant RCA. If the LCX has 
flow limiting stenosis, an anomalous origin, or if there is a super-dominant RCA, the posterior lateral 
part of the LV does not recieve enough dye and likely remains hidden.

We found 4 cases with a very large MCV or AIV (6 mm). Patients without a PLV were found to have 
on an average 1.5 mm larger MCV than patients with a visible PLV (P > 0.05). The AIV was found to be 
on an average 0.7 mm larger in cases without a PLV, compared to cases with a PLV; but this did not 
reach statistical significance. An absent PLV was found in 52 cases in our study. In 39 of these cases, 
there was another vein supplying the posterior-lateral wall of the LV. The number of cases in which the 
PLV is absent is far greater in our study than in a similar study using levo-phase coronary angiography 
by Gilard et al[12] or in the anatomical studies on human cadavers by Randhawa et al[16] and by 
Noheria et al[17]. We did not count small veins (unsuited for CRT LV lead placement) in our study. 
Veins with a diameter of > 2 mm measured 2cms distal to its ostium were considered favourable. The 
larger number of cases with no PLV seen in our study, is explained when this is considered. When a 
PLV was present, it was generally straight with 62% having no bends. The take-off angle was generally 
favourable, with an unfavourable take-off seen in only 7% patients.

Non availability of a suitable branch draining the lateral or posterior LV wall is an indication for 
epicardial lead placement by thoracotomy. In our study, we were unable to visualize an adequate vein 
in 13/164 cases, although the number of cases in which it is truly absent may be lower.
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We evaluated only 2 levo-phase views of left coronary angiograms in our study. Use of more views 
may better identify the venous anatomy. We did not study the venous tree in right coronary 
angiograms. Although this is not required in most cases, our study shows that visualization from left 
injections is poor when circumflex territory is not perfused by the left coronary artery. The technique 
increases total quantity of dye, and radiation during coronary angiogram, and this may be significant in 
very sick patients in poor general condition. We excluded such patients from our study.

We did not compare our results with retrograde occlusive venography because it may increase the 
contrast and radiation dose. We also did not use a hyperaemic agent (e.g., nitroglycerine or adenosine) 
to increase coronary flow and resultant venous return in CS as used in some studies because it might 
cause hypotension and/or bradycardia in some patients. In addition, adenosine use may not be feasible 
in patients with bronchial asthma and severe obstructive pulmonary disease.

CONCLUSION
Levo-phase study of left coronary injection is effective in visualization of the coronary sinus in almost all 
patients undergoing coronary angiography. Visualization of postero-lateral veins is usually adequate in 
LAO cranial view, but the veins of interest are not well visualized in patients with occluded left 
circumflex artery and also in cases with very large right coronary and small left coronary artery. These 
patients may require levo-phase study of RCA or selective coronary sinus ostium cannulation. But 
broadly talking, levo-phase study of left coronary angiogram in LAO cranial view may be an useful 
extension of the standard coronary angiogram protocol, especially in patients with LV dysfunction or 
LBBB.

ARTICLE HIGHLIGHTS
Research background
Coronary sinus imaging is gaining importance due to improvement in electrophysiology techniques and 
wide spread use of left ventricular lead as a part of Cardiac resynchronization therapy.

Research motivation
Although standard technique is retrograde venogram, it has its own challenges.

Research objectives
To evaluate the feasibility of levophase of routine coronary angiography for studying coronary 
anatomy.

Research methods
We conducted a prospective observational in patients undergoing routine coronary angiography. In two 
angiographic views (left anterior oblique & right anterior oblique with cranial angulation), we evaluated 
the levophase for coronary sinus anatomy including ostial uptake, size, branches and angulation.

Research results
The levophase coronary angiography achieved good visibility in almost all patients. Most patients had a 
tubular coronary sinus ostia with size < 10 mm. Sharp take off between ostia and body as well tortuosity 
were seen only in a minority.

Research conclusions
Levophase coronary angiogram evaluation for coronary sinus anatomy is safe and highly effective.

Research perspectives
Large randomized studies are need to further substantiate the results.
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