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Abstract page:

Background: The ECG characteristics of simultaneous acute occlusion/sub-occlusion of two
coronary arteries involving the left anterior descending (LAD) and right (RCA) coronary artery have
been rarely described in the literature. Methods: We present two patient cases, where one of the
arteries was totally occluded and the other one had a sub-occlusion with severely limited flow to
demonstrate the ECG characteristics of this severe presentation of acute coronary syndrome.
Results: Two ECG patterns suggested simultaneous occlusions of the RCA and LAD. One pattern
was ST-segment elevation (STE) in lead 111 higher than in lead Il with concomitant STE in leads
V3-V4. The other pattern was STE in lead I11 higher than in lead Il with the concomitant Dressler -
de Winter ECG pattern in leads V2-V4. Conclusions: We present two ECG presentations of
simultaneous RCA and LAD occlusion/sub-occlusion. We consider these ECG features as high-risk
markers in acute ST-elevation myocardial infarction.

Key words: acute myocardial infarction, electrocardiogram, the Dressler - de Winter ECG pattern,
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Introduction

The 12-lead ECG continues to play a crucial role in the decision making about treatment strategies
and culprit artery prediction in ST-segment elevation myocardial infarction (STEMI). The ECG
characteristics of acute simultaneous occlusion of two coronary arteries have been rarely
described in the literature M. Here we present two patient cases to illustrate ECG manifestations
indicative of acute simultaneous occlusion/sub-occlusion of the left anterior descending (LAD)
and right (RCA) coronary artery. One of the coronary arteries was totally occluded, the other one
had a sub-occlusion with severely impaired flow, and this combination resulted in two very rare
ECG manifestations of STEMI.
Case presentations
Case 1

A 50-year old male was transferred to the Emergency Department due to persistent chest pain,
sweating and dizziness for three hours. The patient was given urokinase 1.5-million-unit
thrombolytic therapy two hours earlier in a local hospital. The blood pressure (BP) was 60/40 mmHg.
Cardiac auscultation revealed soft heart sounds without murmurs. Wet rales could be heard over
both lower lung fields. Risk factors included smoking, hypertension and obesity. ECG on admission
(Fig.1A) showed extensive STE in leads I1, 111, aVF, V1, V3-V9 and V3R-V5R (Fig. 1A). Troponin
I was 50 ng/ml (normal value <50 ng/ml) and NT-proBNP 2578 pg/ml (normal value <300 pg/ml).
With dopamine infusion, the BP rose to 90/60 mmHg. STEMI was diagnosed, and the patient was
directly transferred to the catheterization room for rescue percutaneous coronary intervention. The
angiography revealed a very tight stenosis with thrombus (99% obstruction with Thrombolysis In
Myocardial Infarction (TIMI) 1 flow) of the proximal RCA and a total occlusion of the distal LAD
(Fig.1B and 1C). The BP continued to drop before the intervention and noradrenaline was added to
maintain hemodynamic stability. The RCA (Fig.1B) was quickly opened after the guidewire was
easily passed through the occlusion site and a stent was implanted in the proximal RCA; TIMI 3
blood flow was restored (Fig.1E). The patient’s BP was elevated to 110-120/60-70mmHg, sweating
stopped and chest pain was alleviated. Based on the ECG showing STE also in leads V3-V4, the
LAD was considered as a second culprit artery. Hence, the intervention was continued. Thrombus
was aspirated from the occlusion site in the distal LAD. The LAD was also quickly opened and a

stent was implanted with restored TIMI 3 blood (Fig.1F). The ECG after reperfusion showed



negative T waves in leads I, Ill, aVF, V5, V6, and V3R-V5R, and there was almost complete ST
resolution. The patient recovered well and was discharged home on the fourth day of hospital stay.
Case 2

A 55-year old male was transferred to the Emergency Department due to oppressive chest pain,
diaphoresis and vomiting for two hours. He had no history of cardiopulmonary disease. Risk factors
included heavy smoking and hypertension. His BP was 95/55 mmHg. Troponin | was 150 ng/ml
(normal value <50 ng/ml) and NT-proBNP 2130 pg/ml (normal value <300 pg/ml). ECG on
admission (Fig.2A) showed STE in leads I, I1l, aVF, V4R-V5R and V7, poor progression of
precordial R-waves with upsloping ST-segment depression followed by tall positive symmetrical T
waves in V2-V4 (Fig. 2A). STEMI was diagnosed and the patient was quickly transferred to the
catheterization laboratory for primary percutaneous coronary intervention, which revealed total
occlusion of the proximal RCA and critical sub-occlusion of the mid LAD with (99% obstruction
with TIMI 1 flow) (Fig.2C). The RCA was quickly opened and TIMI 3 blood flow was restored
after thrombus aspiration from the occlusion site and stent implantation was performed (Fig.2E).
Based on the ECG showing poor progression of R-wave with concomitant upsloping ST-segment
depression followed by tall positive symmetrical T waves in V2-V4 and total occlusion of the LAD
(Fig.2C), the LAD was considered as a second culprit artery. Therefore, the LAD was easily and
quickly opened and after stent implantation TIMI 3 blood flow was restored in the LAD,
which terminated before the left ventricular apex (Fig.2F). The ECG (Fig.2D) after reperfusion
showed resolution of the ST-segment deviations, and disappearance of prominent T-waves in
leads V2-V4. The patient recovered well and was discharged home on the eighth day of hospital
stay. Discussion

Here we present two types of ECG patterns indicative of acute simultaneous total/sub-total
occlusions of the RCA and LAD. One ECG manifestation was STE in lead 111 higher than in lead Il
with concomitant STE in leads VV3-V4. The other type was STE in lead Il higher than in lead Il
with concomitant ST-segment depression followed by tall positive symmetrical T waves in V2-V4.

Case 1 presents an exceptional ECG manifestation of extensive STE in the 14/18 leads caused by
acute total occlusion of the proximal RCA and distal LAD. The abnormal ECG findings include
prominent STE in the inferior leads (3 mm in lead I, 5 mm in lead Ill, 4 mm in lead aVF),

intermediate STE in the right ventricular precordial leads (2.5 mm in lead V3R, 3 mm in lead V4R,



2.5mminlead V5R, and 1.5 mm in lead V1) and mild STE in the precordial leads (about 2 mm in
leads VV3-V4 and about 1mm in leads VV5-V9). Prominent STE in the inferior leads and intermediate
STE in the right ventricular precordial leads indicate a culprit lesion in the proximal RCA. Mild
STE in the precordial leads from V5 to V9 indicates that the culprit RCA was dominant. However,
STE in leads V3 and V4 is unusual in patients with dominant RCA occlusion. Acute dominant RCA
occlusion is usually responsible for STE in the inferior and posterior leads, and even leads V5-
V6, but leads V3-V4 are usually spared 2 3. In patients with acute LAD occlusion, maximum
STE is usually found in leads V3-V4 2 although anatomical variation of the coronary arteries
in acute coronary occlusion can result in this ECG pattern. An isolated acute occlusion of a right
posterior descending branch of the RCA extending distal to the ventricular apex to supply part
of the left ventricular anterior wall, can result in STE in the inferior leads and in leads VV3-V4 [ 51,
This ECG pattern was reported in a patient with acute LAD occlusion with an anomalous RCA
originating from the mid-LAD [, An alternative explanation is that the RCA was chronically sub-
occluded and received collateral circulation from the LAD. When LAD occluded, transmural
ischemia occurred in the two coronary territories and possibly the manifestations were more
evident in the territory of the dominant RCA. However, we think that the fact that thrombus could
be seen in the sub-occluded RCA and the guidewire was easily crossed through the lesion makes
thi€possibditgntelikelsnd inferior STE myocardial infarction is usually found in patients with RCA
occlusion with predominant right ventricular infarction or in distal LAD occlusion [ 8l
Prominent STE in the inferior leads, in contrast to intermediate STE in the right ventricular
precordial leads, in case 1 ruled out the possibility of RCA occlusion with predominant right
ventricular infarction. Mild STE in the precordial leads in contrast to prominent STE in the
inferior leads in case 1 also ruled out the possibility of distal LAD occlusion. Distal LAD
occlusion is also characterized by maximum STE in the leads V3-V4 but not in the inferior leads
(81, We hypothesize that STE in lead 111 higher than in lead Il with concomitant STE in leads V3-
V4 may be indicative of simultaneous acute RCA and LAD occlusion or anatomical variation of
cofoesr gntesgrdssarnibthierexceptional ECG manifestation of STE in lead Il higher than in lead Il
with concomitant ST-segment depression following by tall positive symmetrical T waves in V2-V4
caused by acute simultaneous total occlusion/sub-occlusion of the proximal RCA and distal LAD.

STE in leads II, I1l, aVF (STE in Il higher than in I1), V4AR-V5R and V7 indicate RCA as the culprit



artery. However, an interesting ECG pattern namely the Dressler - de Winter sign [® 10
simultaneously occurred in the same case. The Dressler - de Winter sign manifests as upsloping
ST-segment depression at the J point in leads V1/V2-V4/V6 that continues into tall,
positive symmetrical T waves 4. This sign is often combined with poor progression of the
precordial R-wave. In the Dressler - de Winter sign of acute LAD occlusion, the
maximum ST-segment depression is found in leads V2-V4 1%, The ECG presentations in leads
V2-V4 in case 2 are typical for the Dressler - de Winter sign of acute LAD occlusion. Therefore,
we had predicted that both the RCA and LAD were occluded. In both patients, we decided to use
the definition “sub-occlusion” of the artery with TIMI 1 flow. Some authors (12 prefer the
term total occlusion also for this angiographic manifestation (TIMI 1 flow and sub-total
occlusion). In addition to the ECG findings, the angiographic presentation and the behavior of the
lesion during the invasive procedure indicated acute lesions in the culprit arteries.

ST-segment depression or junctional ST-segment depression continuing into tall, positive
symmetrical T waves have been considered as an indication of subendocardial ischemia or
myocardial protection through collateral circulation or ischemic preconditioning but not as an
expression of transmural ischemia 2 13151, We think that the angiography findings in case 2
support the hypothesis that the Dressler - de Winter sign represents subendocardial ischemia. An
alternative explanation is that the LAD had a chronic sub-occlusion and received collateral
circulation from the RCA. When RCA occluded, there was transmural ischemia in the
territory of the RCA and subendocardial ischemia in the territory of the LAD with a Dressler-
Winter pattern because the area was partially protected due to the sub-occluded LAD. However,
there was no visible collateral circulation from the patent RCA with TIMI 3 blood flow, the
patient had no history of chest discomfort and LAD was easily opened LAD. We think
that these facts together make this possibility less likely. We hypothesize that STE in lead Il
higher than in lead Il with a concomitant Dressler - de Winter sign in V2-V4 is highly indicative
of acute total/sub-total RCA and LAD occlusion. It is very important for physicians to utilize all
the diagnostic information present in the ECG leads with ischemic changes to tailor the
intbmvennicinal dherapeptisstiatygy. ECG patterns suggestive of simultaneous acute occlusion/sub-
occlusion of the RCA and LAD. One pattern was STE in lead Il higher than in lead Il with

concomitant STE in leads V3-V4. The other pattern was STE in lead 111 higher than in lead Il with



a concomitant Dressler - de Winter sign in leads V2-V4. It is very important for treating physicians

to recognize these two ECG patterns to tailor interventional therapeutic strategy.
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Figure legends

Figure 1A: The ECG on admission shows extensive ST-segment elevation in leads I1, I1l, aVF, V1,
V3-V9 and V3R-V5R. 1B and 1C: Angiography before reperfusion shows sub-total occlusion of
the proximal right coronary artery (TIMI 1 flow) and total occlusion of the distal left anterior
descending coronary artery. 1D: The ECG after reperfusion shows negative T waves in leads I1, 111,
aVF, V5, V6, and V3R-V5R, and almost complete ST resolution. 1E: Angiography after stenting
shows a patent right coronary artery with TIMI 3 flow. 1F: Angiography after stenting shows a
patent left anterior descending coronary artery with TIMI 3 flow.

Figure 2A: The ECG on admission shows ST-segment elevation in leads Il, 111, aVF, V4R-V5R
and V7, poor progression of precordial R-waves with concomitant upsloping ST-segment
depression following by tall positive symmetrical T waves in V2-V4. 2B and 2C: Angiography
before reperfusion shows total occlusion of the middle right coronary artery and sub-total occlusion
of the mid-part of the left anterior descending coronary artery with TIMI 1 flow. 2D: The ECG after
reperfusion shows resolution of ST-segment deviation, and disappearance of prominent T-waves in
leads VV2-V4. 2E: Angiography post-stenting shows a patent right coronary artery with TIMI 3 flow.
2F: Angiography after stenting shows a patent left anterior descending coronary artery with TIMI

3 flow.



Figure 1

ECG(A) and angiographic findings (B, C) before reperfusion ECG (D) and angiographic results (E, F) after reperfusion
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