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Abstract

Background: It was found that delayed activation wave often appeared in terminal QRS

wave in non-ST-elevated myocardial infarction (NSTEMI) with culprit vessel in left circum-

flex artery (LCX), yet little is known about the similarities among non-“N”-wave non-ST-

elevated myocardial infarction (N-NSTEMI) and ST-elevated myocardial infarction (STEMI).

Hypothesis: In AMI patients with the culprit vessel in LCX, “N” wave NSTEMI has a

risk equivalent to STEMI.

Methods: All 874 patients admitted to Shenjing Hospital of China Medical University

between January 1, 2013 and December 30, 2017 were included and whose coro-

nary angiography (CAG) indicated the culprit vessel in LCX. Patients were divided

into three groups: ST-elevated myocardial infarction group (STEMI group, n = 322),

“N” wave non-ST-elevated myocardial infarction group (N-NSTEMI group, n = 232)

and non-“N”-wave NSTEMI group (non N-NSTEMI group, n = 320). The basic data

and the incidence of MACE during hospitalization and 12 months were analyzed.

Results: In STEMI and N-NSTEMI groups, AST, CK, CK-MB, TnI, and stenosis severity

were significantly higher than non N-NSTEMI (P < .05). The lesions in the N-NSTEMI

and STEMI groups were more often located proximal LCX before giving rise to OM1

of LCX (P < .05), however, the non N-NSTEMI group was often located distal LCX

after giving rise to OM1 and the OM1 (P < .05). The incidence rates of all MACEs, all-

cause death, ST, TVR, and rUAP were similar in N-NSTEMI and STEMI groups, which

were greater than non N-NSTEMI (P < .05). Both N-NSTEMI and STEMI are indepen-

dent risk factors for MACE (P < .05).

Conclusion: The basic data and the incidence of major adverse cardiac event were simi-

lar in N-NSTEMI and STEMI patients, N-NSTEMI has a risk equivalent to acute STEMI.
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1 | INTRODUCTION

Recently, there has been a shift in the literature towards finding novel

electrocardiogram (ECG) changes, which are highly suggestive of total

coronary artery occlusion, but lack ST-elevation in contiguous

leads.1-3 These ST-elevated myocardial infarction (STEMI)-equivalents

include delayed activation wave (N wave, notch in terminal QRS wave

complex II, III, aVF, or I, aVL). In their preliminary study, Niu et al1

reported an ECG phenomenon in acute non-ST-elevated myocardial

infarction (NSTEMI) patients with the culprit vessel in left circumflex

artery (LCX): a turning point or notch appeared at the terminal part of

the QRS wave complex in leads II, III, and AVF or leads I and AVL,

which was called “N” wave. The sensitivity and specificity of “N” wave

for detection of circumflex artery lesions were 77% and 96%. The

specificity of the “N” wave on the relevant ECG leads detecting acute

NSTEMI with LCX culprit vessel was 96%.1 However, the role of “N”

wave in NSTEMI patients with culprit LCX artery has not yet fully

understood. It is not clear if “N” wave can be considered an ST seg-

ment elevation equivalent pattern; there is no study to explore the

similarities and differences among N-NSTEMI, non N-NSTEMI, and

STEMI. The ECG manifestations of AMI with culprit vessel in left cir-

cumflex artery are not specific, and the clinical features of acute

NSTEMI with “N” wave on ECG and coronary angiography with culprit

vessel in left circumflex artery remain unclear. Therefore, we analyzed

the clinical data of patients with AMI and culprit vessel in left circum-

flex artery, and explored the similarities and differences between

acute NSTEMI with “N” wave in ECG and acute STEMI.

2 | MATERIAL AND METHODS

2.1 | Subjects and inclusion criteria

A total of 874 inpatients with acute myocardial infarction (AMI) from

January 1, 2013 to December 30, 2017 at Shenjing Hospital of China

Medical University, whose CAG revealed the culprit vessel in the LCX

were enrolled. Of these, 459 were males and 415 were females. Writ-

ten informed consents were obtained from all enrolled AMI inpatients.

The study was approved by the Ethics Committee of Shengjing Hospi-

tal, and was performed in accordance with the Declaration of Helsinki

principles. All patients were underwent percutaneous coronary inter-

vention (PCI). The time-to-operation (door-to-balloon time), location

and degree of stenosis of the affected vessel, and intervention infor-

mation were recorded. Myocardial infarction markers test time: at the

first 3 days, they were tested once every 4 to 12 hours, including

admission immediate, pre-PCI and post-PCI, they were tested once a

day 3 days later, and record the results of all myocardial infarction

markers and find the highest value. In addition, the occurrence of

complications during PCI and major adverse cardiac events (MACEs)

during hospitalization and 12 months were recorded,3,4 including car-

diogenic shock, no-reflow, stent thrombosis (ST), target vessel revas-

cularization (TVR), target lesion revascularization (TLR), recurrent

unstable angina pectoris (rUAP), all-cause death, congestive heart

failure (CHF) and cerebral ischemic stroke. The results of CAG were

interpreted by two experienced cardiologists.

2.2 | Exclusion criteria

Patients with any of the following conditions were excluded: occlu-

sion or subtotal occlusion of the right coronary artery (RCA) and left

anterior descending artery (LAD); missing significant including base-

line ECGs at the onset of the disease and the time of emergency

presentation or ward admission and PCI; left/right bundle branch

block, intraventricular delay, or pacemaker-dependent rhythm on

the ECG. Other exclusion criteria included: a history of coronary

artery bypass grafting, pacemaker implantation, and tumors; severe

liver or kidney insufficiency, rheumatic heart disease, cardiomyopa-

thy, myocarditis, congenital heart disease, blood system disease, and

acute infection.

2.3 | Definition of “N” wave

According to the following criteria, a “N” wave was considered pre-

sent in the ECG:1 (a) a notch or deflection in the terminal QRS com-

plex of the surface ECG (Figure 1, red arrow, A1, A2, A3); (b) the

height of notch or deflection of ≥2 mm (the point of deflection was

measured with reference to the PR segment); (c) a continuous change

of the notch (the point of deflection shifted ≥2 mm with reference to

the PR segment, ≥2 leads) in 24 hours, even disappeared or come into

the “s” wave (Figure 1, red arrow, B1, B2, B3); (d) with a prolongation

of QRS wave duration in these leads. We list the electrocardiograms

and coronary angiograms of three N-NSTEMI cases in Figure 1, the

results of coronary angiography corresponding to ECG before PCI are

shown in Figure 1 (red arrow, C1, C2, C3), and the coronary angiogra-

phy results of these three patients after PCI are shown in Figure 1

(red arrow, D1, D2, D3). The above ECG criteria and coronary angio-

graphic results were judged by two cardiologists, who jointly recon-

ciled differences or consulted a third cardiologist there was any

disagreement (Figure 1).

2.4 | Grouping and Follow up

Grouping: According to whether there were two or more lead ST ele-

vations in 18 lead ECG, 322 patients with STEMI and 552 patients

with NSTEMI were enrolled. Based on the presence of “N” wave in

the ECG, patients with NSTEMI were further categorized as having

either “N” wave (N-NSTEMI group, n = 232) or non-N-wave (non N-

NSTEMI group, n = 320).

Outcome variables: All patients were followed up clinically by

telephone contact or office visit. MACEs were defined as cardiogenic

shock, no-reflow, ST, TVR, TLR, rUAP, all-cause death, chronic heart

failure, and cerebral ischemic stroke.3,4 Angiographic success was

defined as a final residual stenosis of <30% with TIMI grade 3 flow or
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improvement in flow as compared with the diagnostic angiogram. ST

was recognized by angiographic evidence of partial or total stent

occlusion with or without the presence of thrombus. No reflow refers

to the reopening of severely narrowed or obstructed vessels to

restore blood flow, but the ischemic area is not adequately perfused.

TVR was defined as a revascularization in any lesion in the index ves-

sel and TLR was defined as a repeat revascularization in the stent or

in 5-mm segments on the either side of the stent.

2.5 | Statistical analysis

Continuous variables were expressed as mean ± SD, and t tests were

used for comparison between two groups. Categorical variables were

presented as counts and percentage (%). Their inter-group compari-

sons were conducted using x2 tests. MACE was determined with the

Kaplan-Meier curve. Logistic multivariate analysis was used to analyze

the relationship between N-NSTEMI, STEMI, and MACE during

F IGURE 1 The
electrocardiograms and the
coronary angiograms before and
after PCI of three N-NSTEMI
cases. “N” wave and the
electrocardiographic evolution of
“N” wave myocardial infarction:
A notch or deflection was present
in the terminal QRS complex (red

arrow, A1, A2, A3); The notch or
deflection in the terminal QRS
complex of the same patient
changed 2 hours later (red arrow,
B1, B2, B3). Coronary
angiography: Demonstrated
acute LCX occlusion of the same
patient before PCI (red arrow,
C1, C2, C3) and demonstrated
LCX artery re-opened after PCI
(red arrow, D1, D2, D3)
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TABLE 1 Patients' baseline demographic and clinical characteristic by study groups [x ± s, n (%)]

NSTEMI

STEMI (n = 322) N-NSTEMI (n = 232) non N-NSTEMI (n = 320) P value (all groups)

General clinical information

Male (n, %) 175 (54.3%) 122 (52.6%) 162 (50.6%) .174

Age (year) 60.7 ± 10.4 62.8 ± 10.4 63.7 ± 9.1 .109

BMI (kg/m2) 23.5 ± 3.4 23.8 ± 3.6 22.9 ± 3.1 .288

Personal history

Smoking (n, %) 157 (48.8%) 109 (47.0%) 126 (39.4%) .000

Hypertension (n, %) 158 (49.1%) 166 (71.6%) 245 (76.6%) .000

Diabetes (n, %) 144 (44.7%) 86 (37.1%) 141 (44.1%) .000

Hyperlipidemia (n, %) 132 (41.0%) 90 (38.8%) 133 (41.6%) .122

Myocardial infarction (n, %) 36 (11.2%) 37 (15.9%) 47 (14.7%) .002

Family history

Myocardial infarction (n, %) 52 (16.1%) 39 (16.8%) 55 (17.2%) .286

Cerebral infarction (n, %) 11 (3.4%) 7 (3.1%) 9 (2.8%) .297

Biochemical indices

CHOL (mmol/L) 4.2 ± 1.8 4.3 ± 1.8 4.2 ± 1.6 .381

TG (mmol/L) 2.1 ± 0.9 2.0 ± 0.9 1.9 ± 0.9 .087

LDL (mmol/L) 3.0 ± 1.2 3.1 ± 1.3 3.0 ± 1.2 .312

HbA1C (%) 7.9 ± 3.6 7.6 ± 3.8 7.7 ± 3.2 .071

FPG (mmol/L) 7.1 ± 2.8 7.1 ± 3.0 7.1 ± 2.9 .451

ALT (U/L) 32.7 ± 12.4 33.1 ± 13.8 33.2 ± 12.9 .299

BNP (pg/mL) 175.3 ± 86.4 176.5 ± 88.1 174.6 ± 90.3 .284

CR (umol/L) 79.1 ± 12.6 78.6 ± 11.9 79.2 ± 11.9 .321

Myocardial infarction marker (max)

AST (U/L) 126.6 ± 45.2 128.2 ± 50.1 62.6 ± 29.1 .000

CK (U/L) 756.4 ± 98.1 764.5 ± 91.8 301.6 ± 89.2 .000

CK-MB (U/L) 96.4 ± 22.2 91.5 ± 24.1 24.0 ± 6.1 .000

TnI (μg/L) 42.4 ± 21.8 37.4 ± 20.1 9.5 ± 5.2 .000

Drug treatment

Aspirin (n, %) 322 (100%) 232 (100%) 320 (100%) -

Clopidogrel (n, %) 185 (57.5%) 132 (56.9%) 190 (59.4%) .039

Ticagrelor (n, %) 137 (42.5%) 100 (43.1%) 130 (40.6%) .144

Low molecular weight heparin (n, %) 301 (93.5%) 215 (92.7%) 303 (94.7%) .192

Statins (n, %) 322 (100%) 232 (100%) 320 (100%) -

β-receptor blocker (n, %) 165 (51.2%) 123 (53.0%) 162 (50.6%) .274

ACEIs/ARBs (n, %) 104 (32.3%) 76 (32.8%) 110 (34.4%) .196

Echocardiographic data

LVEF (%) 55.4 ± 7.2 56.4 ± 7.0 60.5 ± 6.9 .000

LVEF <40% (n, %) 24 (7.5%) 15 (6.5%) 11 (3.4%) .001

LVEDD (mm) 50.7 ± 8.7 50.9 ± 9.0 47.5 ± 8.5 .001

PCI information

Complete occlusion of LCX (n, %) 283 (87.9%) 196 (84.5%) 94 (29.4%) .000

Right coronary dominance pattern (n, %) 75 (23.3%) 59 (25.4%) 126 (39.4%) .000

Mean diameter of stent (mm) 2.8 ± 0.7 2.8 ± 0.8 2.9 ± 0.7 .101

Mean length of stent (mm) 28.6 ± 9.1 29.3 ± 9.6 28.4 ± 10.1 .183

(Continues)
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hospitalization. A P value <.05 was considered as statistically signifi-

cant. All statistical analyses were performed using the SPSS 22.0

software.

3 | RESULTS

3.1 | Comparison of baseline characteristics

Baseline demographic and clinical characteristics were compared

among three groups, (Table 1). In STEMI and N-NSTEMI groups, myo-

cardial infarction markers were significantly higher than those in the

non N-NSTEMI group (P < .001), but they were no significant differ-

ence between N-NSTEMI and STEMI groups (Table 1). The LVEF,

LVEDD and the rate of LVEF <40% were similar in STEMI and N-

NSTEMI groups, which was significantly lower than the non N-

NSTEMI group (P < .05; Table 1).

The information of PCI was compared among study groups

(Table 1). We found that the incidence rate of no-reflow was higher in

the N-NSTEMI group than in the STEMI and non N-NSTEMI groups

(N-NSTEMI: 8.2% vs STEMI: 1.5% vs non N-NSTEMI: 1.6%, P < .001).

The rate of complete coronary occlusion in the N-NSTEMI and STEMI

groups were higher than in the non N-NSTEMI group (STEMI: 87.9%

vs N-NSTEMI: 84.5% vs non N-NSTEMI: 29.4%, P < .001). In the

STEMI and N-NSTEMI groups, the proportion of the right dominant

type was similar, which was significantly lower than the non N-

NSTEMI group (STEMI: 23.3% vs N-NSTEMI: 25.4% vs non N-

NSTEMI: 39.4%, P < .001). The percentage of patients with thrombus

aspiration in the STEMI group was significantly greater than in N-

NSTEMI and non N-NSTEMI groups (STEMI: 2.8% vs N-NSTEMI:

0.8% vs non N-NSTEMI: 0, P < .001; Table 1).

The operation time was compared among study groups (Table 1).

The proportion of patients in the STEMI group with time-to-operation

(door-to-balloon time) <6 hours was significantly greater than that in

N-NSTEMI and non N-NSTEMI groups (STEMI: 91.6% vs N-NSTEMI:

23.3% vs non N-NSTEMI: 19.1%, P < .001), the proportion of patients

with a time-to-operation of 6 to 12 hours and >12 hours were signifi-

cantly greater in the non N-NSTEMI and N-NSTEMI group than its in

the STEMI group (6-12 hours: STEMI: 4.7% vs N-NSTEMI: 21.6% vs

non N-NSTEMI: 19.4%, P < .001; >12 hours: STEMI: 3.7% vs N-

NSTEMI: 55.2% vs non N-NSTEMI: 61.5%, P < .001), and it did not

differ significantly between the former two groups (Table 1).

The lesion location was compared among all patients (Table 1).

The lesions in the N-NSTEMI and STEMI groups were often located

proximal LCX before giving rise to OM1 of LCX artery; however, the

non N-NSTEMI group was often located distal LCX after giving rise to

OM1 and the OM1 (proximal LCX before giving rise to OM1:STEMI:

79.2% vs N-NSTEMI: 85.2% vs non N-NSTEMI: 17.8%, P < .001; dis-

tal LCX after giving rise to OM1: STEMI: 15.2% vs N-NSTEMI: 11.2%

vs non N-NSTEMI: 62.8%, P < .001; the OM1: STEMI: 5.6% vs N-

NSTEMI: 3.5% vs non N-NSTEMI: 19.4%, P < .001; Table 1).

3.2 | Comparison of MACEs in hospital and
12-months

The occurrence of MACEs was compared among the study groups

(Table 2). We found that the incidence rate of all MACEs in N-

NSTEMI and STEMI groups was significantly higher than those in the

non N-NSTEMI group (STEMI: 11.2% vs N-NSTEMI: 11.6% vs non N-

NSTEMI: 2.8%, P < .001), but it was similar between N-NSTEMI and

STEMI groups (P = .85). During hospitalization, the incidence rate of

TABLE 1 (Continued)

NSTEMI

STEMI (n = 322) N-NSTEMI (n = 232) non N-NSTEMI (n = 320) P value (all groups)

Thrombus aspiration (n, %) 9 (2.8%) 2 (0.8%) 0 .000

IABP (n, %) 2 (0.6%) 1 (0.4%) 0 .043

No-reflow (n, %) 5 (1.5%) 19 (8.2%) 5 (1.6%) .000

Door-to-balloon time (n, %)

<6 hours 295 (91.6%) 54 (23.3%) 61 (19.1%) .000

6 hours to 12 hours 15 (4.7%) 50 (21.6%) 62 (19.4%) .000

>12 hours 12 (3.7%) 128 (55.2%) 197 (61.5%) .000

Location of culprit lesion (n, %)

proximal LCX before giving rise to OM1 255 (79.2%) 198 (85.2%) 57 (17.8%) .000

distal LCX after giving rise to OM1 49 (15.2%) 26 (11.2%) 201 (62.8%) .000

OM1 18 (5.6%) 8 (3.5%) 62 (19.4%) .000

Abbreviations: ACEIs, angiotension converting enzyme inhibitors; ARBs, Ang II receptor blocker; ALT, alanine aminotransferase; AST, glutamic oxaloacetic

transaminase; BMI, body mass index; BNP, brain natriuretic peptide; CHOL, total cholesterol; CR, creatinine; CK, creatine kinase; CK-MB, creatine kinase

isoenzyme MB; FPG, fasting blood glucose; IABP, intra-aortic balloon pumps; LCX, left circumflex artery; LDL, low density lipoprotein; LVEDD, left

ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; N-NSTEMI, “N” wave non-ST-elevated myocardial infarction; non N-NSTEMI,

non-“N”-wave non-ST-elevated myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevated myocardial infarction; TG, triglyceride;

TnI, troponin I.
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all-cause death in N-NSTEMI and STEMI groups was significantly

higher than those in the non N-NSTEMI group (STEMI: 1.2% vs N-

NSTEMI: 1.2% vs non N-NSTEMI: 0.3%, P < .05). At 12 months, the

incidence rates of all-cause death, ST, TVR, and recurrent UAP in N-

NSTEMI and STEMI groups were higher than those in the non N-

NSTEMI group (all-cause death: STEMI: 1.2% vs N-NSTEMI: 1.3% vs

non N-NSTEMI: 0.3%, P < .05; ST: STEMI: 0.9% vs N-NSTEMI: 0.9%

vs non N-NSTEMI: 0, P < .05; TVR: STEMI: 1.6% vs N-NSTEMI: 1.8%

vs non N-NSTEMI: 0.3%, P < .001; recurrent UAP: STEMI: 1.2% vs N-

NSTEMI: 1.8% vs non N-NSTEMI: 0.3%, P < .001).

TABLE 2 Hospitalization period and 12-months major cardiac adverse event rate

NSTEMI

STEMI (n = 322) N-NSTEMI (n = 232) non N-NSTEMI (n = 320) P value (all groups)

All MACEs 36 (11.2%) 27 (11.6%) 9 (2.8%) .000

In-hospital MACEs (n, %)

Number of patients (n) 322 232 320

ST 1 (0.3%) 1 (0.4%) 0 .087

TVR 1 (0.3%) 1 (0.4%) 0 .087

TLR 0 0 0 -

All-cause death 4 (1.2%) 3 (1.2%) 1 (0.3%) .003

Cardiogenic shock 3 (0.9%) 2 (0.8%) 1 (0.3%) .057

Congestive heart failure 2 (0.6%) 2 (0.8%) 1 (0.3%) .081

Cerebral ischemic stroke 0 0 0 -

12-Months MACEs (n, %)

Number of patients (n) 315 230 310

ST 3 (0.9%) 2 (0.9%) 0 .002

TVR 5 (1.6%) 4 (1.8%) 1 (0.3%) .000

TLR 3 (0.9%) 3 (1.3%) 2 (0.6%) .145

All-cause death 4 (1.2%) 3 (1.3%) 1 (0.3%) .001

Recurrent UAP 4 (1.2%) 4 (1.8%) 1 (0.3%) .000

Congestive heart failure 3 (0.9%) 2 (0.9%) 1 (0.3%) .072

Cerebral ischemic stroke 1 (0.3%) 0 0 .155

Abbreviations: MACE, major adverse cardiac events; N-NSTEMI, “N” wave non-ST-elevated myocardial infarction; non N-NSTEMI, non-“N”-wave

non-ST-elevated myocardial infarction; STEMI, ST-elevated myocardial infarction, ST, stent thrombosis; TVR, target vessel revascularization; TLR, target

lesion revascularization; UAP, unstable angina pectoris.

F IGURE 2 The Kaplan-Meier graph of MACE-free survival. The MACE-free survival were comparable between N-NSTEMI and STEMI groups
(P = .78; B). But it was significant difference between N-NSTEMI and non N-NSTEMI groups (P = .000; A), and between STEMI and non N-
NSTEMI groups (P = .000; C). MACE, major adverse cardiac events; N-NSTEMI, “N” wave non-ST-elevated myocardial infarction; non N-NSTEMI,
non-“N”-wave non-ST-elevated myocardial infarction; STEMI, ST-elevated myocardial infarction
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The Kaplan-Meier analysis showed that the MACE-free survival

were comparable between N-NSTEMI and STEMI groups (P = .78;

Figure 2B). But it was significant difference between N-NSTEMI and

non N-NSTEMI groups (P < .001; Figure 2A), and between STEMI and

non N-NSTEMI groups (P < .001; Figure 2C).

3.3 | Logistic multivariate analysis

Logistic multivariate analysis was used to analyze the relationship

between N-NSTEMI, STEMI, and MACE during hospitalization and

12 months (Figure 3). Adjusted for non N-NSTEMI, smoking, hyper-

tension, diabetes, history of MI, family history of MI, time-to-opera-

tion, CK-MB, and TnI, both N-NSTEMI and STEMI are independent

risk factors for MACE (N-NSTEMI: 5.209 (2.356-11.515), P < .001;

STEMI: 3.344 (1.458-7.670), P = .004).

4 | DISCUSSION

The detection sensitivity is very low (approximately 32%~50%) for

acute occlusion in the LCX, electrocardiogram was mostly

NSTEMI.1,4-7 This may be because LCX is located on the posterolat-

eral side of the heart, mainly supplying the lateral and posterior walls

of the basal part of the left ventricle, far from the chest wall, and lac-

king suitable leads for electrocardiogram, called the “blind area.”1,8-11

Niu et al1 were the first to report delayed activation wave (“N” wave)

in NSTEMI patients with culprit vessel in LCX. Angiography showed

that in NSTEMI patients with “N” wave on electrocardiogram, 77% of

the culprit vessels were in the circumflex artery, 6% were in the left

anterior descending and 18% were in the right coronary artery, and

the sensitivity and specificity of “N” wave for detection the left cir-

cumflex artery lesions were 77% and 96%. Previously, the clinical fea-

tures of AMI patients with an “N” wave (delayed activation wave) in

their electrocardiogram were not clear, and the clinical characteristic

of AMI patients with “N” wave, STEMI patients and patients with

non- “N” wave had not been studied. Therefore, in this article, we ana-

lyzed the clinical data of patients with AMI and culprit vessel in left

circumflex artery, and explored the similarities and differences

between acute NSTEMI with “N” wave in ECG and acute STEMI.

There were some significant findings in this study after analyzing

the clinical feature of AMI and culprit vessel in left circumflex artery.

First, we found that the myocardial infarction markers (AST, TnI, CK,

and CK-MB) were greater in STEMI and N-NSTEMI groups than in

the non N-NSTEMI group, which indicated a larger area of myocardial

ischemia and or infarction. Greater ischemia in STEMI and N-NSTEMI

groups occurred because of the higher incidence of acute occlusion in

LCX artery, but there was no difference between these two groups.

Second, the lesions in the N-NSTEMI and STEMI groups were often

located proximal LCX before giving rise to OM1 of LCX artery, how-

ever the non N-NSTEMI group was often located distal LCX after giv-

ing rise to OM1 and the OM1, and the rate of complete coronary

occlusion in the N-NSTEMI and STEMI groups were higher than in

the non N-NSTEMI group. This is probably because rapid conducting

cardiac Purkinje fibers are mostly located in the lower left ventricle.

The distribution of Purkinje's network is situated mainly in the lower

half of the ventricles and is virtually absent in basal regions, therefore,

these fibers cannot supply an electrical contribution either in normal

condition or in the presence of limited damage. This endocardium

constitutes a histological-functional entity, since the Purkinje fibers

are depolarized simultaneously without producing differences in

potential.1,2,11 A series of abnormal electrical activities occur due to

prolonged ischemia that results in asynchronous depolarization of the

corresponding ventricular muscle, and then the delayed activation

wave is formed. Consequently, a specific notch appears at the termi-

nal part of the QRS complex-“N” wave is seen on ECG, which evolves

dynamically with restoration of localized blood supply.1,12,13 There-

fore, the delayed activation wave is a new pattern of ischemia in ECG,

N-wave can be regarded as a manifestation of LCX proximal stenosis

or even complete occlusion, which is equivalent to ST-segment eleva-

tion. However, greater detail about this mechanism still needs to be

clarified in further studies. In addition, the proportion of right

F IGURE 3 Logistic multivariate
analysis. Adjusted for non N-NSTEMI,
smoking, hypertension, diabetes, history
of MI, family history of MI, time-to-
operation, CK-MB and TnI, both N-
NSTEMI and STEMI are independent risk
factors for MACE during hospitalization.
CK-MB, creatine kinase isoenzyme MB;
MI, myocardial infarction; N-NSTEMI, “N”
wave non-ST-elevated myocardial
infarction; non N-NSTEMI, non-“N”-wave
non-ST-elevated myocardial infarction;
STEMI, ST-elevated myocardial infarction;
TnI, troponin I
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coronary dominant type between STEMI group and N-NSTEMI group

was similar, but significantly lower than that in non N-NSTEMI group.

It could be because that size of the coronary artery to the myocar-

dium is related to the size of the coronary artery, the number of bra-

nches, and the location of the distribution.1,14 When the acute lesion

is located in the proximal part of LCX, it will cause a greater myocar-

dial damage and necrosis that can result in extensive ST segment

changes in ECG. In some patients, it can cause significant ST segment

elevation when the coronary artery is completely occluded, or in some

other patients, it can behave as delayed activation wave. Therefore, in

STEMI and N-NSTEMI groups, most of the criminal lesions were

located in the proximal segment of LCX and the rate of complete cor-

onary occlusion is higher.

The incidence rate of no-reflow events was significantly higher in

the N-NSTEMI group than in STEMI and non N-NSTEMI group. Possi-

ble reason for this difference was that emergency vascularization was

not performed as early as possible within 12 hours after onset and

CAG and stent implantation were implemented at a later stage as N-

NSTEMI was considered as a category of NSTEMI.1,15 As a result, the

no-reflow frequently occurred during this aforementioned critical time

period. For most STEMI patients, vascularization was implemented ear-

lier after onset, so the no-reflow rate was low. But surprisingly, the

incidence rate of all MACEs and all-cause death in N-NSTEMI and

STEMI groups were significantly higher than those in the non N-

NSTEMI group, but they were similar between N-NSTEMI and STEMI

groups. Moreover, at 12 months, the incidence rates of ST, TVR, recur-

rent unstable angina pectoris in N-NSTEMI and STEMI groups were

higher than those in the non N-NSTEMI group. Thus, further follow-up

confirmed that the incidence rate of MACEs in NSTEMI and N-

NSTEMI patients was similar after PCI, it was higher than that in non

N-NSTEMI patients. It possibly because the area of myocardial infarc-

tion was larger as the culprit lesion was more often located at the prox-

imal segments of LCX and its stenosis was more severe, this also

confirms our previous conclusions.16,17 Logistic multivariate analysis

found that both N-NSTEMI and STEMI are independent risk factors

for MACE, this reflects N-NSTEMI has a risk equivalent to acute

STEMI. Some studies also suggested that the “N” wave resulted from a

greater dispersion degree of transmural repolarization, in which the

electrocardiographic activity was unstable to induce malignant ventric-

ular arrhythmia and thus increased the risk for ventricular tachycardia,

ventricular fibrillation, or sudden death.18-21 In a recent meta-analysis,

the NSTEMI patients with complete occlusion of culprit vessel

detected by CAG were at a higher risk of all-cause death and MACEs,

which was similar whit STEMI.22 Study found that 27% of NSTEMI

patients had an occluded infarct artery and the lesions were more fre-

quently located in arteries supplying the inferolateral myocardium and

were associated with larger infarct sizes and higher mortality.9

NSTEMI patients with “N” wave in ECG that the LCX was the

infarct-related artery had a higher incidence of acute occlusion and

MACEs than non N-NSTEMI patients, they did not always have a

more favorable clinical outcome than patients with acute LAD or RCA

occlusion.1,12 Therefore, N-NSTEMI has a risk equivalent to acute

STEMI, these NSTEMI patients with the delayed activation wave in

which classic ST-segment elevation is absent, may benefit from earlier

revascularization.

5 | CONCLUSION

In AMI with the culprit vessel in LCX, the lesion sites, the stenosis

severity, and the incidence rate of MACEs during hospitalization and

at 12-months were similar in N-NSTEMI and STEMI patients, both N-

NSTEMI and STEMI are independent risk factors for MACE; “N” wave

NSTEMI has a risk equivalent to acute STEMI.

6 | LIMITATION

The present research was a single-center study with limited range and

number of cases; therefore, it may be subject to selection bias. In the

future, a multi-center, randomized, prospective, large sample-size

study needs to be conducted to further explore the clinical features of

AMI patients with “N” wave.
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