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Abstract

Background: Trueisolated posterior myocardial infarction is an uncommon finding of acute coronary syndrome,
with an incidence rate of 3-79%. The prevalence rates of isolated posterior myocardial infarction in men and women
are 72% and 28%, respectively. This uncommon finding may be attributed to multiple factors, such as unremarkable
changes on 12-lead electrocardiography, a lack of awareness or knowledge, and an absence of diagnostic consensus,
which leads to reperfusion delay and poor clinical outcomes.

Case summary: Herein, we report three cases of acute myocardial infarction presenting as isolated ST-segment
elevation in the posterior leads (V7-V9): Asiaiimen aged 57, 62, and 53 years, who presented with ST-segment
depression in W1-V3 that resolved gradually. Coronary angiography revealed a total/critical occlusion of the proximal
circumflex coronary artery in all three cases. Routine and accurate interpretations of 15-lead electrocardiography
(12-lead with additional V7-V9) resulted in a better sensitivity for isolated posterior myocardial infarction diagnoses,
followed by a timely and opportune primary percutaneous coronary intervention.

Conclusions: Isolated posterior myocardial infarction is a rare but potentially fatal event that is often accompanied
by atypical and subtle changes on 12-lead electrocardiography (especially in the V1-V3 precordial leads) and may
remain undetected by physicians. Theréfore, the comprehensive and routine application of posterior leads is a crucial
addition to the standard diagnosis and management of acute coronary syndrome in patients with subtle ST-segment
changes who do not fulfill the criteria for ST-elevation myocardial infarction.
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Background

True isolated posterior myocardial infarction (IPMI) is a
rare condition. However, it may be one of the most com-
monly undiagnosed types of acute myocardial infarction
(MI) owing to its low incidence; unremarkable findings
on standard 12-lead electrocardiography (ECG); and a
lack of awareness, knowledge, and consensus regarding
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its diagnostic criteria [1]. The clinical presentation of
IPMI is not different from that of other MIs. However,
the absence of typical changes on the standard 12-lead
ECG pattern (such as ST-segment elevation) can lead to a
delay in the performance of primary percutaneous coro-
nary intervention (PPCI) [2].

The term IPMI is used to indicate the occurrence of
necrosis in the dorsal infra-atrial region of the left ven-
tricle, which is located under the left atrioventricular sul-
cus [3]. A majority of patients with IPMI have stenosis or
occlusion of the left circumflex coronary artery (LCx) [4].
The LCx is the dominant vessel in 15% of patients, sup-
plying the left posterior descending artery from the distal
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continuation of the LCx. It provides blood supply to the
posterior part of the left ventricle [5].

Acute ML, which involves the posterior wall of the left
ventricle, accounts for 15-20% of the total cases of acute
MI [1]. In routine practice, a 12-lead ECG is used to diag-
nose ST-elevation myocardial infarction (STEMI), espe-
cially for the anterior [left anterior descending artery
(LAD) territory] and inferior [right coronary artery
(RCA) territory] walls of the left ventricle. Meanwhile,
additional ECG leads (V7-V9) reflect the activity of the
posterior wall of the left ventricle. These additional leads
have increased the rate of IPMI diagnoses from “very
rare” to 3.3% among all patients with acute MI [2, 6].

On standard 12-lead ECG, the typical indication for
MI (ST-segment elevation) of the posterior wall appears
as ST-segment depression on the precordial side because
the posterior endocardial wall is opposite to the ante-
rior endocardial wall. Specifically, if there is an ST-seg-
ment deviation (horizontal > downslope/upslope) that is
accompanied by a prominent R wave (R/S > 1 in lead V2)
and prominent T waves (or a combination of a deviated
horizontal ST-segment and prominent T waves) in leads
V1-V3, then it will appear as an ST-segment elevation or
Q wave caused by acute IPMI when the ECG is reversed
[7].

One of the major goals of the emergency department
is to identify patients who may benefit from thromboly-
sis or a PPCI strategy as soon as possible [8]. This case
series identified some of the subtle findings on 12-lead
ECG that are suggestive of IPMIL. Our case series aimed
to demonstrate the usefulness of additional leads in
identifying ST-segment elevation in the setting of IPML
Awareness and knowledge regarding this phenomenon
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will lead to better treatment and correspondingly higher
survival rates in patients with IPMI.

Case presentation

The first case included a 57-year-old Asian man, who
was referred to our hospital with typical chest pain for
the past 2 days, along with dyspnea. He had hyperten-
sion and was a smoker, but was not diabetic and did not
have any previous history of heart disease. His vital signs
were as follows: blood pressure, 105/70 mmHg; pulse
rate, 95 beats per minute; respiration, 25 breaths per
minute; and peripheral capillary oxygen saturation, 96%.
Lung examination revealed minimal bibasilar rales. The
ECG conducted at the referring hospital showed upslop-
ing ST depression in V2-V4 and ST elevation in V7-V9
(Fig. 1). Serial ECG examination at our hospital showed
a gradual resolution of ST depression in the anterosep-
tal region, despite persistent ST elevation in the posterior
lead (Fig. 2). Additionally, the troponin T value increased
to 5413 ng/L. Echocardiography revealed a mild hypoki-
netic posterior wall with a left ventricular ejection frac-
tion of 58%.

A posterior STEMI Killip class II was confirmed. Coro-
nary angiography revealed total occlusion of the proxi-
mal LCx, chronic total occlusion in the proximal left
anterior descending (LAD), and a diffusely diseased right
coronary artery (RCA) (Fig. 3). Proximal LCx, including
the proximal-distal obtuse marginal, was treated with
a drug-eluting stent. After the procedure, The Throm-
bolysis in Myocardial Infarction Score (TIMI 3) flow was
observed in the LCx (Fig. 4) and ST-segment resolution
was seen on ECG (Fig. 5).

Fig. 1 Referring hospital 12-lead ECG. A Arrows display anteroseptal (V2-V4) upsloping ST-segment depression. B Arrows display posterior ST
elevation in the additional V7-V% leads
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W4). B Arrows display persistent 5T elevation in the additional V7-VS leads
pS

Fig. 2 The 12-lead ECG upon arrival in the PPCI center. A Arrows display gradually resolving ST-segment depression in the anteroseptal leads (V2-

e

Fig. 3 Coronary angiogram that was performed at the PPCl center, which shows total occlusion of the proximal LOx (right anterior oblique caudal
wview, arrow in A), chronic total occlusion of the proximal LAD (anteroposterior cranial view, arrow in B), and diffusely diseased RCA (left anterior
oblique view, C)

Fig. 4 Left anterior oblique caudal view of left coronary angiogram
after DES implantation in proximal Lx, TIMI 3 flow arrow)
p.

The second case included a 62-year-old Asian man
diagnosed with non-ST-elevation myocardial infarct
(NSTEMI) and referred to our hospital with an episode

of ventricular fibrillation (VF) for which he was defibril-
lated once. He complained of typical chest pain for more
than 20 hours. He had a history of smoking but was not
hypertensive or diabetic, and did not have previously
diagnosed heart disease. Upon admission to our hospital,
his vital signs showed a blood pressure of 90/60 mmHg
with norepinephrine and dobutamine support, pulse rate
of 100 beats per minute, respiratory rate of 20 breaths
per minute, and peripheral capillary oxygen saturation of
98%. Chest examination showed no abnormalities. The
ECG at the referring hospital showed a > 3 mm horizon-
tal ST-segment depression in V1-V4 (Fig. 6), but a pos-
terior lead ECG (V7-V9) was not performed. However,
the ECG in our hospital (90-minute difference from the
first ECG) revealed a 0.5-mm ST-segment depression in
V1-V3 with an ST-segment elevation in V7-V9 (Fig. 7).
Moreover, the troponin T value increased to 4068 ng/L.
Echocardiography revealed a hypokinetic posterior,
anteroseptal, and lateral wall, with a left ventricular ejec-
tion fraction of 49%.
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post-revascularization; arrows display ST-segment resolution in V7=V

Fig.5 A The posterior lead ECG before PPCI; arrows display ST-segment elevation in V7-V9. B The posterior leads ECG at the PPCl center
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Fig. 6 ECG of the referring hospital; arrows display anteroseptal ST-segment depression (V1-V4)

A posterior STEMI Killip class IV was confirmed at our
hospital. We immediately performed coronary angiogra-
phy, which revealed critical stenosis of 98% in the proxi-
mal LCx, significant stenosis of 80% in the proximal LAD,
and a normal RCA (Fig. 8). Complete revascularization
was performed with PCI in the LCx and LAD, which
resulted in TIMI 3 flow and ST-segment resolution on
ECG (Fig. 9).

The third case included a 53-year-old Asian man who
presented with symptoms of chest pain radiating to his

back for the previous 10 hours, accompanied by cold
sweat, nausea, and vomiting. He had a history of smok-
ing but no hypertension, diabetes, or previous heart dis-
ease. His vital signs at our hospital were as follows: blood
pressure, 120/80 mmHg; pulse rate, 85 beats per minute;
respiration, 20 breaths per minute; and peripheral capil-
lary oxygen saturation, 98%. Chest examination showed
no abnormalities. At the referring hospital, ECG revealed
ST depression in V1-V3 and ST elevation in V8-V9
(Fig. 10). However, ECG at our hospital demonstrated
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Fig. 7 The ECG that was performed upon arrival at the PPCl center. A Arrows display 0.5 mm ST-segment depression in V1-V3. B Arrows display
posterior ST-segment elevation in V7-V9
p.

Fig.8 Coronary angiography showing 98% stenosis in the proximal LCx (anteroposterior caudal view, arrow in A), 80% stenosis in the proximal LAD
(anteroposterior cranial view, arrow in B), and normal RCA (anteroposterior cranial view, €)

Fig. 9 Post-PCl procedure: proximal LCx DES implantation (right anterior oblique caudal view, arrow in A), proximal-mid LAD DES implantation

{anteroposterior cranial view, arrow in B), and TIMI 3 flow
LS wy
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@lectric ST segments in the anteroseptal leads (V1-  hypokinetic posterior wall with a left ventricular ejection

V3) with persistent ST elevation in the posterior leads fraction of 58%.

(Fig. 11). Additionally, the troponin T value increased A posterior STEMI Killip class I was confirmed. Coro-

to 13,061 ng/L. Echocardiography revealed a slightly nary angiography revealed total occlusion of the proxi-
mal LCx, significant stenosis (70%) of the proximal LAD,

Fig. 10 The ECG of the referring hospital. A Arrows display anteroseptal ST-segment depression in V1-V3. B Arrows display posterior 5T elevation in
Vi-V9
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Fig. 11 The ECG thatwas performed upon arrival at the PPCI hospital. A Arrows display isoelectric ST-segment anteroseptal in V1-V3. B Arrows
display persistent 5T-segment elevation in V7-V9

Fig. 12 Coronary angiography showing total occlusion of the proximal LCx (right anterior oblique caudal view, arrow in A), significant stenosis
(70%) of the proximal LAD, subtotal stenosis (98%) of the mid-LAD (anteroposterior cranial view, arrows in B), and nonsignificant stenosis (50%) of
the mid-RCA (left anterior obligue view, arrow in €
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which was accompanied by subtotal stenosis (98%) of the
mid LAD, and nonsignificant stenosis (50%) of the mid-
RCA (Fig. 12). Stents were placed in the proximal-distal
LCx, resulting in TIMI 3 flow and resolution of the ST-
segment elevations (Fig. 13). Residual coronary disease in
the LAD was stented electively during staged procedures.

The patients were kept under observation in the inten-
sive care unit after PPCI for 1-2 days and were dis-
charged after 3-6 days of treatment. We do not have
post-discharge follow-up data because the patients
received follow-up at the referring hospital. However,
we remain curious whether there was an improvement
of symptoms or Ejection Fraction (EF) recovery in the
patients.

Discussion

On the basis of the European Society of Cardiology
congress of 2017 guidelines, the ECG criterion of IPMI
includes an ST elevation of more than 0.5 mm in the pos-
terior leads V7-V9; IPMI is strongly suspected if ST-seg-
ment depression in leads V1-V3 is observed, especially
when accompanied by positive T waves. [9] However,
ischemia does not always appear in V1-V3 during IPML
A study conducted by Agel ef al. using a model of tempo-
rary balloon occlusion to produce ischemia proved that
11% of patients with LCx occlusion had ST elevations in
the posterior lead, with no ST elevation or depression
being observed in any other leads [10]. Another recent
study by Vogiatzis et al. showed that, among 186 patients
with ACS, 28 patients (15.1%) required a posterior ECG
to diagnose STEMI before reperfusion therapy, which
indicated that these were cases of IPMI. Among these
patients, 11 had no indicative abnormalities on a 12-lead

Fig. 13 Right anterior oblique caudal view of left coronary
angiogram after DES implantation in the proximal—distal LG, TIMI 3

flow (arraw)
LS "y
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ECG. This circumstance may lead to the misdiagnosis of
IPMI, thus resulting in delayed revascularization in the
previously reported 11 patients if the recording of the
posterior ECG has not been done accordingly. Vogiatzis
et al. also performed a multivariate regression analysis
showing that 15-lead ECG was the sole factor that was
significantly associated with MI diagnosis. In contrast,
ST-segment depression in V1-V4 did not show statisti-
cally significant results [11]. Table 1 reviews some of the
previous studies concerning the importance of 15-lead
ECG in IPMI cases. Indeed, IPMI has been widely dis-
cussed in previous studies, including the importance of
posterior lead ECG [6, 11-16]. A recent study in 2021
by Shimojo et al. suggested that the V7-V9 lead helps
diagnose IPMI and might improve the prognosis [16].
However, IPMI is still a rare occurrence that remains
underdiagnosed [15]. Therefore, we believe that it is cru-
cial to reemphasize the importance of routine 15-lead
ECGs in allowing for the early recognition of IPML

Our cases showed transient reciprocal features in the
anterior lead due to the evolutionary course of ST ele-
vation, which ultimately returned to baseline [17, 18].
Another possibility that may contribute to temporary
anterior ECG changes is the concomitant significance to
critical LAD stenosis, which was found in all our cases,
although we did not find any studies or reports that have
analyzed the correlation of IPMI with this particular
condition.

In our second case, a V7—V9 lead examination was
not performed at the referring hospital. As a result, the
diagnosis of IPMI was made at our hospital, resulting
in delayed therapy with a door-to-balloon time of more
than 90 minutes. A study conducted in 2013 (based on
national registry results) showed that the mean time
from the initial ECG to PPCI was significantly longer
among subjects with IPMI (69 minutes versus 61 min-
utes, p < 0.01), and fewer patients had a door-to-balloon
time that was less than 90 minutes (83% versus 89%,
p <0.01) [15]. A delayed reperfusion time in STEMI leads
to delayed treatment, thus resulting in more severe myo-
cardial infarctions and a higher mortality rate. A previous
study showed that every 30 minutes of delay was associ-
ated with a relative risk for 1-year mortality of 1.075 (95%
CI 1.008-1.15, p = 0041) [19]. The posterior leads for
acute MI detection demonstrated a sensitivity of 60%, a
specificity of 89%, a positive predictive value of 91%, and
a negative predictive value of 55% [11].

Owing to a lack of knowledge, a normal 12-lead ECG
even in symptomatic patients does not always trigger
the physician to perform an ECG with additional pos-
terior leads. The use of the 15-lead ECG (as described
in our cases) in symptomatic patients with a high sus-
picion of ACS will decrease missed diagnoses of IPMI
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and/or delays in reperfusion therapy (either thrombo-
lytic or PPCI procedures), especially in cases with nor-
mal ECGs or temporary changes in the precordial lead.
However, the placement of additional leads should be
performed by experienced personnel so that the results
are obtained faster and false interpretations of the ECG
can be avoided. Furthermore, the use of a 15-lead ECG
has a financial impact and increases costs, as it requires
additional resources and personnel training. In our opin-
ion, the additional training requirements and costs will
not be difficult to meet, as it is only necessary to place the
additional three leads in the correct posterior positions.
This method will significantly contribute to saving the
lives of patients and achieving early revascularization in
IPML. Future studies with larger subject groups (such as
with the use of large national databases) will be needed to
determine the significance of 15-lead ECG in diagnosing
IPMI in patients with a strong suspicion of ACS.

Conclusion

We describe three cases of isolated posterior MI that
were detected only after the addition of posterior leads
(V7-V9) to the standard 12-lead ECG. Although rare,
isolated posterior MI remains underdiagnosed and is
often treated at a later stage, which is known to be associ-
ated with worse outcomes in acute coronary syndromes.
We advocate the routine use of a 15-lead ECG in all
symptomatic patients in whom a 12-lead ECG is not suf-
ficiently informative to make a proper diagnosis of IPMI.
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