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Abstract : Background: ST Elevation Myocardial Infarction (STEMI) may cause Major
Cardiovascular Events (MACES). Revascularization needs to be done in all STEMI patients to
restore coronary blood flow, hence saving myocardial perfusion. Reciprocal ST Segment
Depression (STSD) is associated with poor prognosis in STEMI patients receiving fibrinolytic
therapy. The main purpose of this study is to evaluate MACE in STEMI patients receiving
alteplase as fibrinolytic therapy using resolution in STSD.

Methods: This cohort prospective study with 60 subjects of STEMI patients which are
evaluated for MACEs (death, heart failure, and rehospitalization) within 30 days after
myocardial infarction. Resolution in reciprocal STSD is defined as resolution > 50% STSD in
reciprocal leads within 90 minutes after fibrinolytic therapy.

Results: Bivariate analysis showed that Ejection fraction (EF) <40% with OR 8,32 (2,11-
32,74), p=0,001; smoking with OR 4,17 (1,05-16,57), p=0,034; Anterior STEMI with OR 3,94
(1,11-13,90), p= 0,027; Creatinine > 1,97 mg/dl with OR 3,69 (1,18-11,55), p= 0,022; complete
outpatient medication with OR 5,23 (1,61-17,01), p= 0,004; fragmented QRS with OR 5,23
(1,61-17,01), p= 0,001; resolution in STSD with OR 26,35 (5,16-134, 40), p=<0,001; resolution
in ST Segment Elevation with OR 10,5 (2,97-37,24), p=<0,001; are proven to be determining
factor for MACE within 30 days. Multivariate analysis showed that among those determining
factors for MACEs, resolution in STSD in reciprocal leads is evidently the most dominant
factor for predicting MACEs within 30 days in STEMI patients receiving fibrinolytic therapy
[OR 11.47 (1.14-115.10), p=0.038].

Conclusion: There is significant difference in MACEs within 30 days after myocardial
infarction (MI) between patients with and without resolution in STSD. The subjects without
resolution in STSD showed higher MACEs incidence. Resolution in STSD is evidently an
independent predictor for MACEs within 30 days after myocardial infarction in STEMI
patients.
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Introduction

ST Elevation Myocardial Infarction (STEMI) is a part of Acute Coronary Syndrome resulting from
total occlusion of coronary artery by trombus formation as a result from ruptured atherosclerotic plaque.
STEMI can cause sudden cardiac death or other MACEs during or after hospitalization. Nowadays, MACEs
occur in 10.3% STEMI patients receiving reperfusion therapy. *

Revascularization needs to be done to restore blood flow in coronary artery. This can be done by one of
two options, which are Primary PCI strategy, or fibrinolytic therapy. Revascularization is indicated for all
STEMI patients with new onset, which is below 12 hours of presentation. >*In H Adam Malik General Hospital
(HAMGH) reperfusion therapy is achieved 91% by fibrinolytic therapy*, but the success rate of this therapy and
MACEs occurring after receiving fibrinolytic have never been studied before. This is related to success
criterias of fibrinolytic therapy, which are resolution in more than 50% of ST Segment Elevation level, the
significantly diminishing of angina, and the presence of reperfusion arrhythmia such as idioventricular rhythm.
Of all these criterias for successful fibrinolytic, only the presence of reperfusion arrhythmia can be objectively
evaluated. The other criteria such as resolution of ST segment elevation is still in the gray area, and whether it
is considered resoluted even with the development of pathological Q wave. This was not stated clearly.

ECG findings are still considered to be the main key of making diagnosis of STEMI. ECG is the gold
standard in locating the STEMI area. Even more information can be obtained from ECG findings, such as
infarct size, and long term prognosis in STEMI patients. > There are typical ECG findings that we can see in
STEMI patients, such as ST segment elevation morphology in corresponding lead, and reciprocal ST segment
depression as mirror image from non infarcted area of the myocardium with the prevalence of 54-82%."%° The
presence of reciprocal ST segment depression (STSD) are often seen in inferior STEMI (72%) compared to
anterior STEMI (37%). Reciprocal STSD are also more frequently seen in STEMI with complication and even
larger infarct area. *°

At first, reciprocal STSD are considered as benign electrical phenomenon.*** With advancing
techniques of coronary angiography and non invasive cardiac imaging, it is easier to evaluate ventricular
function globally and segmentally. ** There are a lot of experimental studies to prove this benign electrical
phenomenon theory. But unfortunately still with inconsistent results. Most of the studies give an alternative
theory that reciprocal STSD shows even larger infarct area resulted from occluded coronary culprit. This is
proven with higher level of increasing cardiac enzyme, more extensive wall motion abnormality, and even more
reduced LV EF, compared to STEMI patients without reciprocal STSD. STEMI with reciprocal STSD are
associated with poorer in hospital and long term prognosis, and even higher mortality compared to those
without reciprocal STSD. *3141>1617

Stevenson et al, tried to prove that reciprocal STSD in STEMI patients receiving fibrinolytic are
associated with poorer prognosis. Buller et al, stated that resolution in reciprocal STSD soon after primary PCI
turned out to be a simple prognostic parameter. ** There has been a study in HAMGH which stated the presence
of reciprocal STSD as a prognostic marker in patients with inferior STEMI.?® Nevertheless, for subjects with
inferior STEMI, recent studies showed that resolution in reciprocal STSD is far more important than the
elevation in ST segment itself as short-term prognostic marker. %

Considering the importance of resolution in reciprocal STSD as a simple parameter, but efficient, for
predicting prognosis in patients with STEMI receiving early reperfusion, the author wants to compare the
MACEs outcome between those with and without resolution in reciprocal STSD.

Methods
Study Design

This prospective cohort study included subjects with STEMI patients receiving alteplase as fibrinolytic
therapy in Cardiology Department HAMGH. Inclusion criteria was STEMI patients with reciprocal STSD
receiving fibrinolytic therapy by alteplase, below 12 hour of onset, and never had any episode of myocardial
infarction before. ECGs that cannot be interpreted were excluded. ECGs were made soon after admission in the
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ER, and 90 minutes after fibrinolytic started, with ECG calibrated at 25 mm/s and 10 mm/mV using ECG GE
MAC 2000.

From March 2017 until December 2017, 108 subjects were included. 48 subjects were excluded due to
history of myocardial infarction before and some not feasible ECG recordings. Leaving 60 subjects of STEMI
patients studied.

Study Procedure

Samples collection was done using consecutive sample method. Baseline characteristics, subject
identities, and history of illness and medication were recorded. ECGs were evaluated soon after admission, and
90 minutes after fibrinolytic started. Pre-fibrinolytic STSD was calculated at 80ms after J points from
isoelectrical baseline. STSD was evaluated using 150 mm Krisbow micrometer dial caliper (KW0600352) and
magnifying glass. The result of STSD evaluation was reported in mm. Resolution in reciprocal STSD was
calculated with :

> DSST pre fibrinolytic - >, DSST post fibrinolytic
Resolution Y’ DSST (%) = X 100
> DSST pre fibrinolytic

based on ECG recordings, the subjects were divided by two groups, which are STEMI with reciprocal STSD
and STEMI without reciprocal STSD. Evaluation of the ECG was done by resident in charge at the ER and
validated by cardiologist.

Subjects were then followed up for 30 days after admission. Followed up was done by interview and
medical check up for detecting MACEs after myocardial infarction.

Statistical Analysis

Data was extracted and analysed by statistical computer software. Categoric data was presented with
number or frequency (n) and percentage (%). Numeric data was presented with mean and standard deviation for
normally distributed data. Normality test was done using Kolmogorov-Smirnov with n>50. Comparison
between two groups on dependent and independent categoric variable was done using Chi Square test. Fisher
test was done if Chi Square conditions are not fulfilled. Comparison between two groups on independent
categoric variable and dependent numeric variable was done using unpaired T test. Mann Whitney test was
done if unpaired T test conditions are not met. Significant variable in bivariate analysis was tested in
multivariate analysis. Those with significant result in multivariate analysis was presented with Odds Ratio (OR)
with 95% ClI.

Results
Baseline Characteristics

Subjects were divided into 2 groups, which are STEMI with resolution in reciprocal STSD (50%,
n=30), and STEMI without resolution in reciprocal STSD (50%, n=30). Mean age is 54 years old for STEMI
with resolution in reciprocal STSD resolution, and 53 years old for STEMI without resolution in reciprocal
STSD resolution. In the STEMI with resolution in reciprocal STSD group, 22 patients (73.3%) are male.
Compared to the STEMI without resolution in reciprocal STSD group, 24 patients (80%) are male. Mean
systolic blood pressure is 130 mmHg in the STEMI with resolution in reciprocal STSD group, and 120 mmHg
in the STEMI without resolution in reciprocal STSD group. Mean heart rate on admission is 77 times per
minute in the STEMI with resolution in reciprocal STSD group, and 76 times per minute in the STEMI without
resolution in reciprocal STSD group.

There was no significant difference in the blood work up between two groups. This accounts on
leukocyte count, ureum and creatinine level. There is also no significant difference in the coronary risk factor
between two groups.
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This study showed there is significant difference in anterior Ml and LV ejection fraction (LV EF)
between two groups. STEMI without resolution in reciprocal STSD tend to happen in anterior Ml (83.3%,
n=25). Compared to the other group, which showed lower rate of anterior Ml in STEMI with resolution in
reciprocal STSD (33.3%, n=10). STEMI with resolution in reciprocal STSD tend to have higher LV EF
compared to the other group, which is 52% and 43% respectively (p<0.001). Baseline characteristic is showed
on table 1.

Subject Characteristic Based on MACEs

From 60 subjects, 40 had MACEs and 19 did not. With the proportion of heart failure was 11 subjects
(18%), rehospitalization was 6 subjects (10%), and death was 4 subjects (7%) in 30 days after myocardial
infarction.

Characteristic of ECG Findings Based on MACESs

There was significant difference in ECG findings between subjects with and without MACEs. This
accounts on QRS fragmentation, resolution in ST segment elevation, and resolution in reciprocal ST segment
depression.

Fragmented QRS was found in 13 subjects with MACEs (68.4%) and 10 subjects without MACESs
(24.4%) with p value 0.001. Resolution in ST segment elevation was found in 6 subjects with MACEs (31.6%)
and 34 subjects without MACESs (82.9%) with p value <0.001. Resolution in reciprocal ST segment depression
was found in 1 subject with MACEs (5.3%) and 32 subjects without MACEs (78%). Characteristic of ECG
findings is showed on table 2.

Comparison of MACEs in 30 days after STEMI treated with Alteplase with and without resolution in
reciprocal STSD

STEMI without resolution in reciprocal STSD had higher incidence of MACEs (85.9%, n=17)
compared to STEMI with resolution in reciprocal STSD (10.5%, n-=2). STEMI without resolution in reciprocal
STSD were more likely to have MACEs within 30 days after myocardial infarction (OR 18.3) compared to
STEMI with resolution in reciprocal STSD (figure 1).

Resolution in reciprocal STSD as Predictor for MACEs in 30 days after STEMI treated with Alteplase

Based on bivariate analysis, resolution in reciprocal STSD can be used as a predictor for MACEs in 30
days after myocardial infarction (Table 4). There is significant difference in MACESs between STEMI with and
without resolution in reciprocal STSD. STEMI without resolution in reciprocal STSD had higher incidence of
MACEs compared to those with resolution in reciprocal STSD.

Bivariate analysis showed 8 risk factors determining MACEs in STEMI population, which are LV EF
(p value 0.001), smoker (p value 0.034), anterior STEMI (p value 0.027), serum creatinine level (p value
0.022), drug compliance (p value 0.004), QRS fragmentation (p value 0.001), resolution in reciprocal STSD (p
value 0.001), and resolution in ST segment elevation (p value <0.001).

Multivariate analysis was done to these variables. There are 3 variables proven significant amongst all
variables, which are resolution in reciprocal STSD, drug compliance, and serum creatinine level. Resolution in
reciprocal STSD is evidently the most dominant predictor for MACEs in 30 days after myocardial infarction
with OR 11.47 ((1.14-115.10), p value 0.038).

Discussion

The most evidently significant ECG findings for predicting MACEs are QRS fragmentation, resolution
in ST segment elevation, and resolution in reciprocal STSD. Data acquired from TIMI-4 study showed QRS
fragmentation was correlated with larger infarct size and more extensive myocardial scarring proven by
sestamibi Tc-99m scanning.® In the era of primary PCI and fibrinolytic therapy, resolution in ST segment
elevation is a marker for reperfusion and patency of coronary artery (estimated by TIMI flow), hence showing
smaller infarct size. >**** Lately, the presence of ST segment depression (other than ST segment elevation) and
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resolution to these ST segment depression appear to be an important prognostic marker. This represents
ischemia in other region of myocardium, or reciprocal to the location of ST segment elevation. The presence of
this STSD is associated with larger infarct area and poorer prognostic outcome. >2>%2’

This study showed that STEMI without resolution of ST segment depression had higher rate of MACEs
in 30 days after myocardial infarction compared to those with resolution in ST segment depression. This result
is consistent with other study showing higher rate of in-hospital mortality in STEMI patients without resolution
in ST segment depression, compared to those with resolution in ST segment depression®®. Other studies proved
that inferior STEMI with reciprocal ST segment depression has larger infarct area, compared to those without
reciprocal ST segment depression®®. Now, it is concluded that not only elevation and resolution in ST segment
that accounts for infarct area, as well as prognostic marker, for STEMI patients. Depression and resolution in
reciprocal ST segment also contributes to the infarct area, hence affect the management strategy for STEMI
patients.

After being adjusted to other variable affecting MACEs in 30 days after myocardial infarction,
resolution in reciprocal STSD is proven dominant in predicting MACEs. This is consistent with studies done by
Tjandrawidjaja et al, 2010*; Wong et al, 2015%; and Reinstadler et al, 2015%. Which stated that absence of
resolution in STSD is associated with higher rate of MACEs in reperfused STEMI patients. We can conclude
that resolution in reciprocal STSD can be used as predictor for MACEs in 30 days after myocardial infarction in
STEMI patients treated with Alteplase.

Conclusion

This study concluded that STEMI patients without resolution in reciprocal STSD had higher rate of
MACEs in 30 days after myocardial infarction. Resolution in reciprocal STSD can be used as predictor for
MACEs with OR 11.47.

Limitations

Considering the limited number of STEMI patients treated with alteplase, caused by advancing facility
in hospital for doing primary PCI, larger studies with larger population is required to get better and more
reliable results.

Table 1. Baseline Characteristic Classified by Resolution on Reciprocal STSD

subjects Resolution on STSD
N=60 Presence Absence P
n=230 n=230
Age (years) 54+9 54+8 53+9 0,526
Male (number, %) 46 (77) 22 (73,3) 24 (80) 0.542
Body weight (kg) 70 (50-87) 70 (50-87) 69 (50-85) 0,480
SBP (mmHQ) 129 (70-200) 130 (100-200) 120 (70-170) 0,594
Heart rate (beat per minute) 77+ 15 77+12 76 +17 0,815
Smoker (humber, %) 39 (65) 18 (60) 21 (70) 0,417
DiabetesMelitus(number, %) 24 (40) 11 (36,7) 13 (43,3) 0,598
Hypertension (number, %) 35 (58) 16 (53,3) 19 (63,3) 0,432
Dyslipidemia (number, %) 45 (75) 25 (83,3) 20 (66,7) 0,136
Obesity (number, %) 11 (18) 6 (20) 5(16,7) 0,739
Anterior STEMI(number, %) 35 (58) 10 (33,3) 25 (83,3) <0,001
Ejection fraction (%, %) 48 (25-60) 52 (25-60) 43 (26-54) <0,001
Leukocyte (mm®) 12647 + 3778 13231 + 2979 12063 + 4411 0,234
Ureum (mg/dl) 24 (9-105) 21 (9-105) 25 (13-90) 0,426
Creatinine (mg/dl) 0,90 (0,59-6,61) [ 0,90 (0,59-6,61) | 0,89 (0,60-3,61) 0,827
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Table 2. Characteristic of ECG Findings Based on MACEs

ECG Findings MACEs (+) MACEs (-) p
n=19 n=41

Left Ventricle Hypertropy (n, %) 1(5,3) 2 (4,9) 1

QRS Fragmentation (n, %) 13 (68,4) 10 (24,4) 0,001
Rs Configuration (n, %) 6 (31,6) 6 (14,6) 0,127
T Wave Inversion (n, %) 12 (62,3) 20 (48,8) 0,299
Resolution in STE (n, %) 6 (31,6) 34 (82,9) <0,001
Resolution in STSD (n, %) 1(5,3) 32 (78) <0,001
Resolution of T Wave Inversion (n, %) 3 (15,8) 10 (24,4) 0,452
Pathological Q Wave Post (n, %) 17 (89,5) 33 (80,5) 0,385
Resolution on STE with Pathological Q Wave 6 (96,7) 28 (82,4) 0,264

382

Tabel 3. Bivariate Analysis on STSD Resolution with MACEs in 30 Days after STEMI Treated with

Alteplase
Resolution on MACEs
Reciprocal STSD Presence Absence P OR Cl 95%
(n,%)
Presence 2 (10,5) 28 (68,3) <0,001 18,31 3,67-91,23
Absence 17 (89,5) 13 (31,7)

Table 4. Bivariate Analysis on MACEs in 30 Days after STEMI Treated with Alteplase

Variables MACEs (+) | MACEs (-) p OR (Cl 95%)
n (%) n (%)

SBP <100 mmHg 2 (10,5) 1(2,4) 0,233 4,71 (0,40-55,45)
EF < 40% 9 (47,4) 4 (9,8) 0,001 8,32 (2,11-32,74)
Smoker 16 (84,2) 23 (56,1) 0,034 4,17 (1,05-16,57)
Anterior STEMI 15 (78, 9) 20 (48,8) 0,027 3,94 (1,11-13,90)
Cretinine > 1,97 mg/dl 12 (63,2) 13 (31,7) 0,022 3,69 (1,18-11,55)
Drugs compliance 6 (31,6) 29 (70,7) 0,004 5,23 (1,61-17,01)
QRS Fragmentation 13 (68,4) 10 (24,4) 0,001 6,71 (2,02-22,33)
Resolution in STSD 2 (10,5) 31 (75,6) <0,001 26,35 (5,16-134, 40)
Resolution in STE 6 (31,6) 34 (82,9) <0,001 10,5 (2,97-37,24)

Table 5. Multivariate Analysis on MACEs in 30 Days after STEMI Treated with Alteplase Analisis

Variables OR Cl (95%) p

Resolution on STSD 11,47 1,14 - 115,10 0,038
Drug compliance 10,63 1,33 - 84,67 0,026
Creatinine 9,92 1,30 -75,73 0,027
Resolution on STE 5,79 0,80 - 41,98 0,083
Ejection Fraction 6,05 0,75 — 48,56 0,090
Smoker 11,25 0,90 — 140,01 0,060

Figure 1. Graphic Comparison of MACEs in 30 Days after STEMI treated with Alteplase, with and

without Resolution in Reciprocal STSD
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