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Abstract

Background: ST-segment elevation (STE) in lead aVR is a useful tool in recognizing
patients with left main or left anterior descending coronary obstruction during acute
coronary syndrome (ACS). The prognostic implication of STE in lead aVR on out-
comes has not been established.

Methods: We performed a systematic search for clinical studies about STE in lead
aVR in four databases including PubMed, EMBASE, Cochrane Library, and Web of
Science. Primary outcome was in-hospital mortality. Secondary outcomes included
in-hospital (re)infarction, in-hospital heart failure, and 90-day mortality.

Results: We included 7 studies with a total of 7,700 patients. The all-cause in-hospital
mortality of patients with STE in lead aVR during ACS was significantly higher than
that of patients without STE (OR: 4.37, 95% Cl 1.63 to 11.68, p = .003). Patients with
greater STE (>0.1 mV) in lead aVR had a higher in-hospital mortality when compared
to lower STE (0.05-0.1 mV) (OR: 2.00, 95% Cl 1.11-3.60, p = .02), However, STE in
aVR was not independently associated with in-hospital mortality in ACS patients (OR:
2.72,95% CIl 0.85-8.63, p = .09). The incidence of in-hospital myocardial (re)infarc-
tion (OR: 2.77,95% Cl 1.30-5.94, p = .009), in-hospital heart failure (OR: 2.62, 95% Cl
1.06-6.50, p = .04), and 90-day mortality (OR: 10.19, 95% Cl 5.27-19.71, p < .00001)
was also noted to be higher in patients STE in lead aVR.

Conclusions: This contemporary meta-analysis shows STE in lead aVR is a poor prog-
nostic marker in patients with ACS with higher in-hospital mortality, reinfarction,
heart failure and 90-day mortality. Greater magnitude of STE portends worse prog-
nosis. Further studies are needed to establish an independent predictive role of STE

in aVR for these adverse outcomes.
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1 | INTRODUCTION

Acute coronary syndrome (ACS) is characterized by erosion or
rupture of plaques in the coronary arteries. It can lead to many
complications including heart failure, malignant arrhythmias, pul-
monary edema, and even death (Derumeaux and Ternacle, 2018).
Electrocardiogram (ECG) is a useful tool for diagnosis, risk strat-
ification, and monitoring treatment response in coronary heart
disease in clinical practice. Lead aVR is unipolar facing the cardiac
apex to the outflow tract of the right ventricle under normal con-
dition. (Wong et al., 2012). Once overlooked, changes in lead aVR
are now utilized to diagnose pericarditis and localize coronary artery
disease (Ducas et al., 2013; Rathi et al., 2016) especially in the set-
ting of exercise stress test (Kosuge et al., 2011; Nough et al., 2012;
Ozmen et al., 2010). ST-segment elevation (STE) in lead aVR is a
useful tool in recognizing patients with left main (LM) or left ante-
rior descending (LAD) coronary obstruction during acute coronary
syndrome (ACS) (Yan et al., 2007). Also, STE in aVR is a poor prog-
nostic marker in pulmonary embolism and tricyclic antidepressant
toxicity; however, the studies evaluating prognostic significance of
STE in aVR during ACS including ST-segment elevation myocardial
infarction (STEMI), non-ST-segment elevation myocardial infarction
(NSTEMI), and unstable angina pectoris have yielded conflicting re-
sults(Aygul et al., 2008; Barrabes et al., 2003; Kosuge et al., 2001,
2006; Misumida et al., 2016; Nabati et al., 2016; Yan et al., 2007). We
performed this contemporary systematic review and meta-analysis
to determine prognostic significance of STE in aVR in patients with
ACS.

2 | METHODS

We systematically searched four databases; PubMed, EMBASE,
Cochrane Library, and Web of Science with no language limi-
tations, using a detailed search strategy (See Supplementary
Material). Two reviewers (WAQ and SX) independently performed
the literature search. Two blinded authors (SX and DYC) performed
data extraction while two authors (SHL and CYS) checked the data
for accuracy. STE of 0.5 mm or more in lead aVR was considered
significant.

Inclusion criteria for the studies included: (a) retrospective or
prospective cohort studies; (b) studies compared the outcomes of
STE in aVR versus no STE in aVR in patients with ACS; (c) aVR STE
defined as ST elevation 0.5 mm or more above the isoelectric line on
ECG, no aVR STE is defined as 0-0.5 mm or -0.5-0.5 mm; (d) end-
point events (in-hospital death, 90-day death, in-hospital infarction,
in-hospital heart failure,) were described clearly; (e) studies with full
text; and (f) studies in English. Based on the above criteria, two re-
viewers evaluated and screened all the articles, while any disagree-
ments were settled by a third reviewer.

Exclusion criteria: (a) Studies did not compare outcomes of STE in
aVR and no STE in aVR (b) studies with abstract only; and (c) missing
data to calculate OR.

We used Newcastle-Ottawa Quality Assessment Scale (NOS) to
evaluate quality of the studies eventually included. The NOS ranges
from zero to nine points. A study with > 8 points is considered good
quality and 5-7 points for fair and < 5 points for poor study. Studies
with points equal to or more than 6 were included in this analysis
(Meng et al., 2017).

We analyzed the ORs with 95% confidence interval (Cl) for each
included study. Random-effects model was used for the hetero-
geneity evaluation. We used the chi-square test (p < .05 was con-
sidered statistically significant for heterogeneity) and I? statistics
(> > 50% was considered a measure of severe heterogeneity). We

used RevMan 5.3 for data analysis.

3 | RESULTS

We identified 5,762 records of which 23 were potentially eligible.
Finally, 7 studies met all criteria to be included in this meta-anal-
ysis (Figure 1) (Aygul et al., 2008; Barrabes et al., 2003; Kosuge
et al., 2001, 2006; Misumida et al., 2016; Nabati et al., 2016; Yan
et al., 2007). The total number of patients was 7,700:1,035 individu-
als with STE in lead aVR and 6,665 individuals with no STE in lead
aVR. The baseline characteristics of the 7 included studies are listed
in Tables 1-3.

3.1 | Primary endpoint

As shown in Figure 2a, three studies (Aygul et al., 2008; Barrabes
et al.,, 2003; Yan et al., 2007) demonstrated that STE in aVR is as-
sociated with higher in-hospital mortality in patients with ACS com-
pared with no STE while one study did not (Misumida et al., 2016).
The pooled analysis of all 4 studies showed a significantly higher in-
hospital mortality in patients with STE in lead aVR compared with
those without STE (OR: 4.37, 95% ClI 1.63-11.68, p = .003), and
the heterogeneity was high (> = 86%, p < 0.0001). Also, the sub-
group analysis (Figure 2b) showed that the patients with greater STE
(>0.1 mV) in lead aVR had a higher in-hospital mortality when com-
pared with lower STE (0.05-0.1 mV) (OR: 2.00, 95% Cl 1.11-3.60,
p =.02), and the heterogeneity was low (1> = 12%, p = .29). Of note,
STE in aVR was not independently associated with in-hospital mor-
tality in ACS patients as shown in Figure 2c (OR: 2.72, 95% CI 0.85 to
8.63, p =.09), and the heterogeneity was high (1> = 88%, p = .0003)
(Table S1).

3.2 | Secondary endpoints
3.2.1 | In-hospital (re)infarction
As shown in Figure 3, the pooled analysis of 2 studies (Barrabes

et al., 2003; Misumida et al., 2016) demonstrated higher in-hos-
pital (re) infarction in ACS patients with STE in aVR versus those
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FIGURE 1 Flow chart of selection of
studies

5762 records identified from literature search (Pubmed n = 1837, Cochrane

Library n = 88, EMBASE n = 2377, Web of science n = 1460)

(n=2194)

v

3568 articles after duplicates excluded

3545 articles excluded on the basis of title/abstract

(3300 not acute coronary disease, 33 animal trials, 164

¢ case reports, 43 only abstracted, 5 not English articles)

23 articles assessed for potentially eligible and full

16 articles excluded for reasons (14 did not meet our

d iti of the STE or no STE of aVR; 2 could not

obtain the same endpoint with the others)

v

7 articles included in our meta-analysis ]

without STE (OR: 2.77, 95% ClI 1.30-5.94, p = .009), and the het-
erogeneity was low (> = 0%, p = .50). There are not enough data
to analyze independent association of STE in aVR with in-hospital

(re)infarction.

3.2.2 | In-hospital heart failure

As shown in Figure 4a, the pooled analysis of 4 studies showed
that the incidence of heart failure during hospitalization in pa-
tients with STE in aVR was significantly higher than those with no
STE (OR: 2.62, 95% Cl 1.06-6.50, p = .04), and the heterogene-
ity was high (I = 87%, p < .0001). The subgroup analysis showed
higher in-hospital heart failure in ACS patients with greater STE
(>0.1 mV) in aVR compared with lower STE (0.05-0.1 mV) in
Figure 4b (OR: 2.65, 95% Cl 1.37-5.11, p = .004), and the hetero-
geneity was low (1> = 53%, p = .15). There are not enough data
to analyze independent association of STE in aVR with in-hospital
heart failure.

3.2.3 | 90-day death

As shown in Figure 5, the pooled analysis of 2 studies showed that
the ACS patients with STE in aVR had a higher 90-day mortal-
ity compared with patients with no STE in aVR (OR: 10.19, 95% Cl
5.27-19.71, p < 0.00001), and the heterogeneity was low (1> = 0%,

p =.96). There are not enough data to analyze independent associa-
tion of STE in aVR with 90-day death.

4 | DISCUSSION
This meta-analysis shows that ACS patients with ST-segment eleva-
tion in lead aVR have higher in-hospital mortality, reinfarction, heart
failure, and 90-day death when compared with those without STE.
Greater STE portends higher in-hospital mortality and heart failure.
Further studies are needed to establish an independent association
of STE in lead aVR with adverse outcomes in patients with ACS.
Acute coronary syndrome (ACS) is a life-threatening disease
(Nikus et al., 2012), with up to 40% mortality at 5 years after ex-
periencing an event (Makki et al., 2015). STE in lead aVR is ob-
served in 7.3% to 32.3% of the patients presenting with ACS (Nabati
et al., 2016). Studies have shown the value of STE in lead aVR in
identifying culprit vessels during ACS. In 2001, Yamaji et al. stud-
ied the electrocardiographic characteristics of patients with LM oc-
clusion and concluded that STE in lead aVR with a lower degree of
STE in lead V1 is predictive of LM disease while STE in lead aVR is a
predictor of adverse outcomes (Yamaji et al., 2001). In a meta-anal-
ysis regarding the value of culprit vessel identification with STE in
aVR during acute STEMI, pooled data showed that STE in aVR has
a sensitivity of 76% (95% Cl 73-80%), a specificity of 83% (95% ClI
76-88%) for recognizing LM coronary artery disease and a sensi-
tivity 58% (95% Cl 37-77%), a specificity 93% (95% Cl 81-97%) for
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TABLE 2

Barrabés et al.
(2003)

WANG ET AL.

Misumida et al. (2016) Kosuge et al., (2001)

Aygul et al. (2008)

Yan et al. (2007)

Nabati et al. (2016)

Kosuge et al. (2006)

NA
NA
NA

55 (14.5%)

N/A
N/A
N/A

N/A
N/A
N/A

84 (10.8%)

12 (9.3%)

N/A
N/A
N/A

Inferior STD, n (%)
Lateral STD, n (%)

107 (28.2%)
95 (25.1%)

207 (26.7%)

26 (20.2%)
35(27.1%)?

142 (18.3%)

T-wave inversion,

n (%)

Note: Data are shown as mean + SD or percentage.

Abbreviations: 3V, 3-vessel coronary disease; CABG, coronary artery bypass grafting; LM, Left main coronary artery disease; Ml, Myocardial infarction; PCI, Percutaneous coronary intervention; STD,

ST-segment depression; STE, ST-segment elevation; STE, ST-segment elevation.

¥Negative T waves without ST-segment depression.

bUrgent or in-hospital percutaneous coronary intervention.

proximal LAD lesions (Korniyenko et al., 2010). The diagnostic value
of STE in aVR after exercise stress test for LM and LAD lesions has
also been shown (Ghaffari et al., 2017; Uthamalingam et al., 2011;
Wagener et al., 2017). For its special vector, lead aVR has often been
overlooked in the past (Nikus et al., 2012). Some believe that the STE
in lead aVR represents reciprocal changes caused by ST-segment
depression in the precordial leads instead of being a direct repre-
sentation of culprit vessel lesion (Sclarovsky et al., 2002). Recent
studies have attempted to assess the association between STE in
lead aVR and the prognosis of patients with coronary artery dis-
eases; however, the relationship of this finding on ECG and its signif-
icance on prognosis of patients with ACS remains to be determined
(Cerit, 2017). The current meta-analysis shows that the incidence
of in-hospital mortality in patients with ACS and STE in lead aVR
is significantly higher when compared with patients without STE in
aVR. (OR: 4.37, 95% Cl 1.63-11.68, p < 0.0001). The magnitude of
STE in aVR was also significant where greater STE was associated
with higher incidence of in-hospital mortality. The HERO-2 study
which included a large population of 15,315 patients with STEMI
showed that there is a U-shaped relationship between ST-segment
shift in lead aVR and 30-d mortality in anterior wall STEMI (Wong
et al., 2012). The prospective Global Registry of Acute Coronary
Events (GRACE) study revealed that patients with STE in aVR in
non-ST-segment elevation acute coronary syndrome (NSTEACS)
have a higher in-hospital mortality (Yan et al., 2007) (OR: 1.597,
95% Cl 1.03-2.47). The study in 2008 by Aygul et al. also showed
aVR STE 2 0.5 mm may be a predictor of all-cause death during
hospitalization (OR: 4.34, 95% Cl 2.60-7.26) in STEMI. ST depres-
sion combined with aVR STE is also thought to be indicative of ad-
verse outcomes in patients with NSTEACS (Kosuge et al., 2005a,b;
Nikus et al., 2012; Wong et al., 2010). However, pooled data from
multivariable analysis of three trials (Aygul et al., 2008; Barrabes
etal., 2003; Yan et al., 2007) did not find an independent association
between STE in aVR and increased risk of in-hospital mortality (OR:
2.72,95% C1 0.85-8.63, p = .09); however, there was high heteroge-
neity (I = 88%, p = .0003) and significant differences in variables in-
cluded in the trials. Therefore, further studies are needed to explore
the relationship between STE in lead aVR and in-hospital mortality.
The presence of ST-segment deviation in lead aVR also predicts
the success of primary percutaneous coronary intervention (PCI)
(Kosuge et al., 2005a,b). The lack of resolution of STE in aVR is as-
sociated with adverse events such as death, (re)infarction, or urgent
revascularization within 30 days after admission and correlates with
the extent and severity of coronary artery disease in patients with
NSTEACS (Kosuge et al., 2008). Kosuge et al. showed the high mor-
tality of 90-day mortality reaching 40% in patients with persistent
STE in lead aVR in NSTEMI (Kosuge et al., 2008). We also noted a
significantly higher 90-day mortality in patients with STE in aVR
versus those with no STE in aVR (OR: 10.19, 95% Cl 5.27-19.71,
p < 0.00001). We found significant differences for in-hospital heart
failure between two groups (OR: 2.62, 95% Cl 1.06-6.50, p = .04).
Greater magnitude of STE was associated with higher incidence of

in-hospital heart failure in ACS patients. These relations between
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(a) aVR ST-E N aVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Aygul et al 2008 29 155 40 795 30.6% 4.34 [2.60, 7.26] =
Barrabés et al 2003 36 250 7 525 27.0% 12.45 [5.45, 28.41] w
Misumida et al 2016 2 97 1 282 11.1% 5.92 [0.53, 65.98] -
Yan et al 2007 24 368 197 4696 31.3% 1.59 [1.03, 2.47] o
Total (95% Cl) 870 6298 100.0% 4.37 [1.63, 11.68] -
Total events 91 245
Heterogeneity: Tau? = 0.76; Chiz = 21.99, df = 3 (P < 0.0001); I = 86% f f y y
SEnE ( ) ° 002 01 1 10 50

Test for overall effect: Z = 2.93 (P = 0.003) Favours [aVR ST-E] Favours [N aVR]

aVR ST-E (>0.1mV)  aVR ST-E (0.05-0.1mV) Odds Ratio Odds Ratio
(b)
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
Barrabés et al 2003 26 134 10 116  55.8% 2.55[1.17, 5.55] —i—
Yan et al 2007 6 76 18 292  44.2% 1.30[0.50, 3.41]
Total (95% CI) 210 408 100.0% 2.00 [1.11, 3.60]
<
Total events 32 28
Heterogeneity: Chiz = 1.14, df = 1 (P = 0.29); 12 = 12% ¥ t ! y 1
Test for overall effect: Z = 2.32 (P = 0.02) 0.01 aVR(;jr-E (>0 1mV)1 SIRETE (0185_0 1mv) 100
(c) Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Aygul et al 2008 1.3815 0.4919 30.4% 3.98 [1.52, 10.44] =
Barrabés et al 2003 1.6845 0.3661 33.5% 5.39 [2.63, 11.05] =
Yan et al 2007 0.0392 0.2477 36.1% 1.04 [0.64, 1.69] i
Total (95% CI) 100.0% 2.72[0.85, 8.63] +l—
o 2 = . Chi2 = - - .12 = 880, I t t !
Heterogeneity: Tau? = 0.90; Chi? = 16.25, df = 2 (P = 0.0003); I* = 88% 0.01 01 1 10 100

Test for overall effect: Z = 1.69 (P = 0.09) N aVR ST-E N aVR ST-E (>0.05mV)
FIGURE 2 ST-segment elevation in lead aVR and in-hospital mortality. (a) Forest plot demonstrating the association between ST-segment
deviation in aVR and the in-hospital mortality in the patients with ACS. (b) Forest plot demonstrating the association between magnitude

of ST-segment elevation in aVR and the in-hospital mortality in the patients with ACS. (c) Forest plot demonstrating the independent
association between ST-segment elevation in aVR and the in-hospital mortality in the patients with ACS

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

aVR ST-E N aVR
Study or Subgroup Events Total Events Total Weight

Barrabés et al 2003 15 250 11 525 10.7% 2.98 [1.35, 6.59]

Misumida et al 2016 0 97 1 282 1.2% 0.96 [0.04, 23.82]

Yan et al 2007 41 368 423 4696 88.0% 1.27 [0.90, 1.78] .
Total (95% CI) 715 5503 100.0% 1.45 [1.07, 1.96] L 2
Total events 56 435

Heterogeneity: Chi2 = 3.85, df =2 (P = 0.15); I = 48%
Test for overall effect: Z = 2.38 (P = 0.02)

0.1 1 10 200

Favours [aVR ST-E] Favours [N aVR]

0.005

FIGURE 3 Forest plot demonstrating the association between ST-segment deviation in aVR and the in-hospital (re) infarction in the
patients with ACS

4.1 | Limitations of the study

STE in aVR and increased risk of adverse outcomes could be ex-
plained by the association of STE in aVR with severe underlying cor-
onary disease such as LM disease or three vessels disease. It should Firstly, there are some heterogeneity (Meng et al., 2017); therefore,
also be noted that STE in aVR can be observed in many other clinical we used the random-effects model to estimate all pooled effects.
diseases such as acute pulmonary embolism (Pourafkari et al., 2017), Secondly, the definition of no deviation of ST segment in lead aVR
myocardial hypertrophy, and acute aortic dissection (Kosuge was not consistent in the studies, including ST-segment shift ranging

et al,, 2016). from 0-0.5 or -0.5-0.5 mm, which may be a potential confounding
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(a) aVR ST-E N aVR ST-E Odds Ratio Odds Ratio
tudy or Subgro Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Barrabés et al 2003 53 250 17 525 30.2% 8.04 [4.54, 14.22] -
Kosuge 2001 1 23 1 47  8.0% 2.09[0.12, 35.01] -
Misumida et al 2016 13 97 33 282 286% 1.17 [0.59, 2.32] o
Yan et al 2007 76 368 540 4696 33.2% 2.00 [1.53, 2.62] L
Total (95% ClI) 738 5550 100.0% 2.62 [1.06, 6.50] .
Total events 143 591
Heterogeneity: Tau? = 0.63; Chi2 = 23.35, df = 3 (P < 0.0001); I* = 87% 0_‘0 ” oi p p 1‘0 1 60

Test for overall effect: Z = 2.08 (P = 0.04)

(b) aVR ST-E (>0.1mV)  aVR ST-E (0.05-0.1mV)
r r Even' Total Events
Barrabés et al 2003 41 134 12 116  45.3%
Yan et al 2007 23 76 53 292 54.7%

Total (95% Cl) 210 408 100.0%
Total events 64 65
Heterogeneity: Tau? = 0.12; Chi? = 2.12, df = 1 (P = 0.15); I = 53%

Test for overall effect: Z =2.91 (P = 0.004)

Total Weight M-H. Random, 95% CI

aVR ST-E N aVR ST-E

Odds Ratio
M-H. Random. 95% CI

Odds Ratio

3.82[1.89, 7.71]
1.96 [1.10, 3.47]

2.65[1.37,5.11]

0.01 0.1 1 10 100
aVR ST-E (>0.1mV) aVR ST-E (0.05-0.1mV)

FIGURE 4 ST-segment elevation in lead aVR and in-hospital heart failure. (a) Forest plot demonstrating the association between ST-
segment deviation in aVR and the in-hospital heart failure in the patients with ACS. (b) Forest plot demonstrating the association between
magnitude of ST-segment elevation in aVR and the in-hospital heart failure in the patients with ACS

aVR ST-E N aVR Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kosuge et al 2006 2 90 0 243 41.1% 13.76[0.65, 289.35] bt 4
Nabati et al 2016 3 52 0 77 58.9% 10.96 [0.55, 216.76] | >
Total (95% ClI) 142 320 100.0% 12.11[1.41,103.87] ——ee i ——
Total events 5 0

e 2 = = ” .12 =00 I } t i
Heterogeneity: Chi?=0.01, df =1 (P = 0.92); I?= 0% 0.01 01 1 10 100

Test for overall effect: Z = 2.27 (P = 0.02)

Favours [aVR ST-E] Favours [N aVR]

FIGURE 5 Forest plot demonstrating the association between ST-segment deviation in aVR and the 90-day mortality in the patients with

ACS

factor in this study. Despite the limitations, the study has several

strengths including the large number of patients included.

5 | CONCLUSION

This contemporary meta-analysis shows STE in lead aVR is a poor
prognostic marker in patients with ACS with higher in-hospital mor-
tality, reinfarction, heart failure, and 90-day mortality. Greater mag-
nitude of STE portends worse prognosis. Further studies are needed
to establish an independent predictive role of STE in aVR for these

adverse outcomes.
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