
320      http://dx.doi.org/10.14503/THIJ-16-5905

© 2017 by the Texas Heart ® 
Institute, Houston

Texas Heart Institute Journal • Oct. 2017, Vol. 44, No. 5

Left Circumflex  
Coronary Artery  
as the Culprit Vessel
in ST-Segment-Elevation Myocardial Infarction

The prevalence of the left circumflex coronary artery (LCx) as the culprit vessel in ST-
segment-elevation myocardial infarction (STEMI) is reportedly lowest among that of the 3 
main epicardial arteries, and has not been described for non-STEMI (NSTEMI) and stable 
angina pectoris. We sought to define the distribution of culprit arteries in these clinical 
presentations and suggest mechanisms for the differences.

We reviewed 189 coronary angiograms of patients with STEMI, 203 with NSTEMI, and 
548 with stable angina (n=940), and compared distributions of stenotic and culprit coro-
nary arteries (lesions prompting intervention).

Obstructive coronary lesions (≥50% narrowing) were more prevalent in the left anterior 
descending coronary artery (LAD) (36%–38%) and similar in the LCx and right coronary 
artery (RCA) (27%–29%), regardless of clinical presentation (P <0.01). In NSTEMI and 
stable angina, culprit vessels and total obstructive disease had the same distribution. In 
STEMI, however, a culprit LCx was significantly less prevalent (17%) than was total ob-
structive disease (27%; P <0.01), or a culprit LAD (47%) or RCA (34%) (both P <0.001). In 
our computed tomographic angiographic model of coronary longitudinal strain (percentage 
of shortening), LCx strain was only 1.5% ± 2.4%, versus 9.5% ± 2.9% for LAD strain and 
10.1% ± 3.9% for RCA strain.

In STEMI, LCx plaques seem less prone to rupturing. Culprit and total disease distribu-
tions are similar in NSTEMI and angina, suggesting a different ischemic pathophysiology 
in these presentations. Lower LCx longitudinal strain might contribute to reduced plaque 
rupture in STEMI. (Tex Heart Inst J 2017;44(5):320-5)

T he pathogenesis of acute coronary syndromes (ACS) predominantly involves 
rupture of atheromatous plaque with superimposed thrombosis.1 The distri-
bution of culprit coronary vessels within the different clinical manifestations 

of coronary artery disease (CAD)—specif ically stable angina pectoris (AP), non-
STEMI/unstable angina pectoris (NSTEMI/UA), and ST-segment-elevation myocar-
dial infarction (STEMI)—is unclear. Previous investigators have found inconsistent 
variabilities in the distribution of culprit lesions among coronary arteries in patients 
presenting with ACS.2-6 Some authors have noted an underrepresentation of the left 
circumflex coronary artery (LCx) in STEMI.2,3 To our knowledge, none have looked 
for differences in significant total atherosclerotic distribution in these patients. There-
fore, our objective in this study was to define the distribution of culprit and ≥50% 
diseased coronary arteries in the aforementioned clinical presentations and suggest 
mechanisms for the differences.

Patients and Methods

Percutaneous coronary interventions (PCI) were performed in 940 consecutive pa-
tients over an 18-month period (March 2014–October 2015) in our coronary cath-
eterization laboratory. Of these, 548 patients had stable AP, 203 had NSTEMI, and 
189 had STEMI. Patient data (clinical and procedural) were prospectively collected in 
our departmental database and analyzed retrospectively. Outcome data (such as bio-
markers of myocardial injury, left ventricular [LV] ejection fraction, and wall-motion 
score) were not included in our analysis, because the focus was presentation type 
and coronary anatomy. The study was approved by our institutional ethics board.
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Coronary Angiography
Coronary angiographic projections were chosen for 
the visual classif ication of the coronary artery map in 
accordance with the guidelines of the American Col-
lege of Cardiology/American Heart Association.7 In 
STEMI and NSTEMI, we relied upon electrocardio-
grams (ECG)8 or echocardiographic identif ication of 
the myocardial area at risk9 to conclude that an artery 
was “culprit”; that is, the artery had at least one lesion 
needing acute intervention. Each decision was made 
and recorded by the on-site interventional cardiologist. 
Total CAD distribution, defined as lesions constituting 
≥50% stenosis,10 was also recorded. In patients undergo-
ing PCI for stable AP, culprit lesions were identified and 
treated by the operator on-site in accordance with the 
extent of narrowing, as evidenced by findings on stress 
tests (ECG, echocardiographic, or nuclear) or fractional 
flow reserve measurements.

Coronary Tree Shortening Model
Earlier investigators have correlated plaque vulnerabil-
ity to vessel deformation (circumferential, and shear 
strains),11-13 so we attempted to evaluate longitudinal 
coronary strain and its relationship to culprit-vessel 
distribution. Using a coronary computed tomographic 
angiographic (CCTA) dataset in 14 consecutive analy-
ses conducted to exclude coronary disease, we created 
a dynamic 3-dimensional coronary artery anatomic 
model. The study was performed on a Brilliance CT 
64-channel computed tomographic scanner (Koninkli-
jke Philips N.V.; Best, The Netherlands), with retro-
spective ECG gating. Coronary artery measurements 
were obtained by using IntelliSpace Portal 6 (Philips) 
reconstructed straight-line multiplanar formatting views 
at end-diastole and end-systole (phases 0% and 40%, 

respectively). Longitudinal coronary deformation along 
the vessel’s long axis or longitudinal strain (% change in 
length) was calculated as follows: coronary artery length 
(L) was measured from the ostium to a specific identifi-
able landmark (side branching or an acute angulation) 
at least 60 mm from the ostium in end-diastole (LED) 
and in end-systole (LES). The percentage of shortening 
(longitudinal strain = [LED – LES] / LED) was calculated 
for the 3 major coronary vessels. Higher strain indicated 
more shortening.

Statistical Analysis
Continuous data are presented as mean ± SD and cate-
gorical data as frequencies and percentages. Distribution 
analysis was performed with use of χ2 tests to compare 
the prevalence of the culprit artery between the 3 clini-
cal manifestations of CAD, as appropriate. One-way 
analysis of variance (ANOVA) with the Tukey-Kramer 
post hoc test was used to compare the clinical charac-
teristics at presentation and was combined with the 
Bonferroni correction to detect differences in shorten-
ing between various vessels on CCTA. A P value <0.05 
was considered statistically signif icant. Analyses were 
performed with use of MedCalc® Statistical Software 
version 16.4.3 (MedCalc Software bvba; Ostend, Bel-
gium).

Results

Table I shows the patients’ demographic characteristics 
and medical histories. When compared with patients 
who had NSTEMI or stable AP, the STEMI patients 
were younger, more often male, and more often smok-
ers; however, hypertension, hypercholesterolemia, and 
diabetes mellitus were less prevalent. There were no sig-

TABLE I. Characteristics of the 940 Patients

 STEMI NSTEMI/UA Stable AP ANOVA Post hoc Significant 
       Variable (n=189) (n=203) (n=548) P Value Pairwise Comparisons

Age (yr) 61 ± 15 65 ± 13 65 ± 12 0.005 1 vs 2 
     1 vs 3

Male 153 (81) 145 (71) 403 (74) 0.772 NS

Smoking 73 (39) 54 (27) 147 (27) 0.004 1 vs 2 
     1 vs 3

Hypertension 88 (47) 134 (66) 357 (65) <0.001 1 vs 2 
     1 vs 3

Hypercholesterolemia 84 (44) 114 (56) 314 (57) 0.011 1 vs 3

Diabetes mellitus 54 (29) 86 (42) 201 (37) 0.021 1 vs 2

Family history of CAD 38 (20) 33 (16) 77 (14) 0.127 NS
 
ANOVA = analysis of variance; AP = angina pectoris; CAD = coronary artery disease; NS = not significant; NSTEMI/UA = non-ST-
segment-elevation myocardial infarction/unstable angina; STEMI = ST-segment-elevation myocardial infarction 
 

Data are presented as mean ± SD or as number and percentage. Pairwise comparisons were made with use of the Tukey-Kramer post 
hoc test. P <0.05 was considered statistically significant.
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nificant differences in characteristics between patients 
with NSTEMI and those with stable AP.

Coronary Artery Disease and Culprit Lesions
In all clinical presentations, coronary lesions with ≥50% 
narrowing were somewhat more prevalent in the left an-
terior descending coronary artery (LAD) (36%–38%) 
than in the right coronary artery (RCA) and LCx (both 
27%–29%; both P <0.01) (Fig. 1 and Table II). In 
STEMI, a culprit LCx was significantly less prevalent 
(17%) than that in total CAD (27%; P <0.01) and less 
prevalent than a culprit LAD (47%) or RCA (34%) 
(both P <0.001). However, in NSTEMI and stable AP, 
culprit vessels and total-CAD vessels were similarly dis-
tributed. Proximal true LCx involvement as the culprit 
in STEMI was found in only 8.5% of lesions.

Coronary Tree Shortening Model
In the 3-dimensional CCTA model, the LAD, most 
of the RCA, and the distal LCx and its branches trav-
eled along the LV longitudinal axis; conversely, the 
proximal-to-mid LCx ran in the atrioventricular groove 
along the circumferential axis of the base of the LV (Fig. 
2). In the 14 cases that we reviewed, the mean LAD 

systolic longitudinal strain was 9.5% ± 2.9% and the 
mean RCA strain was 10.1% ± 3.9%, compared with 
1.5% ± 2.4% for the LCx. When we applied ANOVA 
with the Bonferroni correction, the differences between 
groups were significant (P <0.001). The LCx longitudi-
nal strain differed significantly from that of the LAD 
(P <0.0012; 95% confidence interval [CI]= –0.0314 to 
–0.105) and the RCA (P <0.001; 95% CI= –0.0544 
to –0.118), whereas the LAD and RCA did not differ 
(P=0.7; 95% CI= –0.0589 to 0.0233). Figure 3 shows 
an example of CCTA coronary tree reconstruction and 
measurements of systolic coronary strain.

Discussion

Obstructive CAD (≥50% stenosis) was rather equally 
distributed among the 3 main coronary vessels regard-
less of clinical presentation. Whereas culprit vessels fol-
lowed the same distribution in NSTEMI and stable AP, 
the LCx was dramatically less prevalent as the culprit 
in STEMI, and its proximal segment even less so. In 
contrast, the LAD and its branches were culprits in 
nearly half the instances. A similar distribution pattern 
of culprit vessels has been reported.2,4 Reduced sensitiv-

Fig. 1  Pie charts show disease distribution among the 3 main coronary arteries in STEMI, NSTEMI, and stable AP. Note the higher 
prevalence of the LAD and the lower prevalence of the LCx only in STEMI, versus the more even distribution in NSTEMI, stable AP, and 
total obstructive CAD (narrowing, ≥50%). 
 

AP = angina pectoris; CAD = coronary artery disease; LAD = left anterior descending coronary artery; LCx = left circumflex coronary 
artery; NSTEMI = non-ST-segment-elevation myocardial infarction; RCA = right coronary artery; STEMI = ST-segment-elevation 
myocardial infarction
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ity of the 12-lead ECG in detecting ischemia on the 
lateral and posterior walls has been suggested as a reason 
for less frequent diagnosis of STEMI from LCx culprit 
vessels and thus the decreased referral rates for primary 
PCI.4,14 Anatomic variability in LCx size, branches, 
and caliber have also been implicated. However, these 
factors would not explain our having found the rather 

even distribution of obstructive CAD that was also very 
similar to that in NSTEMI and stable AP. Other in-
vestigators3 found similar clinical characteristics (male 
predominance, more smoking, and less hypertension 
and hypercholesterolemia) and distribution of culprit 
vessels in a CCTA study comparing ruptured versus in-
tact fibrous-cap plaques in ACS. Thus, the major differ-

Fig. 2  Coronary computed tomographic angiograms (3-dimensional reconstructions) show a patient’s A) left coronary anatomy and 
B) right-dominant anatomy. Double lines denote landmarks for measuring coronary artery lengths in straight multiplanar reformatting 
(see Fig. 3). 
 

LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; RCA = right coronary artery

A B

TABLE II. Relative Distribution of Coronary Lesions in the 940 Patients

 Clinical        Average 
 Presentation Characterization     Ramus No. of Lesions Per 
 (No. Patients) of Lesions LMCA LAD LCx RCA Intermedius Lesions Patient

STEMI (189) Culprit 4 (2) 89 (47) 31 (16) 61 (32) 4 (2) 189 1.0

 Total CAD 56 (4) 490 (38) 343 (27) 352 (27) 41 (3) 1,282 6.8

 All PCI 10 (4) 130 (46) 54 (19) 81 (29) 5 (2) 280 1.5

NSTEMI/UA (203) Culprit 2 (1) 68 (40) 51 (30) 48 (28) 2 (1) 171 0.8

 Total CAD 56 (3) 583 (36) 472 (29) 462 (29) 35 (2) 1,608 7.9

 All PCI 10 (3) 127 (37) 109 (32) 87 (25) 9 (3) 342 1.7

Stable AP (548) Culprit 9 (2) 200 (43) 116 (25) 131 (28) 11 (2) 467 0.9

 Total CAD 100 (2) 1,609 (38) 1,210 (29) 1,168 (28) 110 (3) 4,197 7.7

 All PCI 19 (2) 375 (42) 257 (29) 233 (26) 16 (2) 900 1.6
 
AP = angina pectoris; CAD = coronary artery disease; LAD = left anterior descending coronary artery; LCx = left circumflex coronary 
artery; LMCA = left main coronary artery; NSTEMI/UA = non-ST-segment-elevation myocardial infarction/unstable angina; PCI = 
percutaneous coronary intervention; RCA = right coronary artery; STEMI = ST-segment-elevation myocardial infarction 
 

Culprit = lesion prompting the intervention 
Total CAD = number of lesions displaying ≥50% narrowing 
All PCI = all lesions treated during the index coronary intervention 
 

Data are presented as number and percentage.
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ence between STEMI and NSTEMI/stable AP would 
probably lie in the mechanism leading to myocardial 
ischemia and injury.

Longitudinal Coronary Artery 
“Squeezing” Theory
Our remaining question concerned why plaques were 
less likely to rupture in the LCx than in the LAD or 
RCA. How did the proximal LCx differ from the LAD 
and RCA, and from its own distal segment and branch-
es?
 The answer may have been revealed in the 3-dimen-
sional CCTA model. The RCA and LAD systolic short-
ening of approximately 10% (similar to that of the LV 
epicardial longitudinal-strain range)15 differed strikingly 
from the 1% shortening of the proximal and mid LCx. 
This difference in shortening might contribute substan-
tially to the lower prevalence of the proximal and mid 
LCx in STEMI.
 Circumferential coronary strain is much easier to 
evaluate when using intravascular ultrasound. Increased 
circumferential strain can adversely affect plaque stabil-
ity.12 Longitudinal strain in CAD has been evaluated 
only in drug-eluting stents,16 with stent-shortening in 
the range of 4% to 7% within stiff stents, similar to 
our estimation range for native coronary arteries (Fig. 
3). Investigators11 using intravascular ultrasound, 3-di-
mensional plaque reconstruction, and virtual histology 
have shown that increased wall shear stress was inversely 
correlated with plaque size but directly correlated with 
the area of the plaque’s necrotic core. Thus, under re-
peated circumferential and longitudinal deformations, 
the stretching and compressing (“squeezing”) of vulner-
able plaques might contribute to their destabilization 
and eventual tearing.11 However, because ours was not 
a histopathologic study, we still do not know whether 
this lower strain mediates the lower rates of STEMI 
because the LCx develops fewer vulnerable plaques, 
or because the vulnerable LCx plaques are less prone to 
rupturing.

Clinical Implications
In STEMI patients, we found fewer culprit lesions in 
the LCx than in the LAD and RCA, but not an ab-
sence thereof. Thus, decreased longitudinal deforma-
tion may offer a plausible partial explanation for this 
phenomenon and help us to understand the mecha-
nisms of plaque rupture. The presence of a relatively 
well-protected coronary territory should prompt further 
pathophysiologic research that might yield ideas about 
new targets and modes of intervention.

Limitations of the Study
Identifying culprit vessels in STEMI and NSTEMI is 
quite straightforward on the basis of clinical presenta-
tion, ECG changes, and regional wall-motion abnor-
malities in preprocedural echocardiograms. In stable 
AP, this task is more cumbersome and requires more 
information derived from preadmission stress testing 
and fractional f low reserve functional studies during 
the index coronary angiography. This comparative dif-
ficulty might bias the stable-AP group toward a similar 
culprit and total-CAD distribution.

Conclusions

We have shown that LCx plaques appear to be less 
prone to rupturing in STEMI. Culprit and total-disease 
distribution coincide in NSTEMI and AP, suggesting 
a different ischemic pathophysiology in these presenta-
tions. We theorize that lower LCx longitudinal strain 
contributes to reduced plaque rupture in STEMI.
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