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ABSTRACT

Background: Advance atrioventricular (AV) block is one of the ST-segment
Elevation Myocardial Infarction (STEMI) complications related to mortality,
primarily in inferior STEMI. Mosseri classification divides the severity of
coronary supply to the AV node. Mosseri type IV is the most common finding
in general populations with chronic conduction disturbance in STEMI
populations.

Aim: To determine the type IV Mosseri lesion association with permanent
advance AV block in inferior STEMI patients after percutaneous coronary
intervention (PCI).

Research Methods: Analytical observations were conducted with a cross-
sectional design, using secondary data from medical records in RSUP Dr.
Sardjito within August 2018-August 2021 on inferior STEMI with advance AV
block population underwent PCI, then we obtained baseline characteristic,
electrocardiogram, and coronary angiography.

Results: Within observation period 192 patients had advance AV block in
inferior STEMI, 138 patients included as research subject. Mean age of
permanent advance AV block group was 62,77+10,78 years old (p= 0,739),
and female gender 30,8% (p= 0,303). There was statistically significant
difference such as lower systolic 91 (70-147) mmHg & diastolic 54 (25-104)
mmHg blood pressure (p= 0,019 & 0,000), and bigger proportion in
thrombolysis in myocardial infarction (TIMI) flow <3 61,5% (p= 0,024) in
group with permanent advance AV block. Type IV Mosseri lesion had bigger
proportion in permanent advance AV block (61,5%) (OR 1,79; IK95% 0,56 -
5,77), but not statistically significant (p= 0,325). Multivariate analysis
showed low diastolic blood pressure (p= 0,008, OR 0,897; 0,828-0,971) and
TIMI flow <3 (p= 0,042, OR 3,935; 1,048-14,770) were independent predictor
that associated with permanent advance AV block.

Conclusions: Permanent advance AV block with Type IV Mosseri lesion had a
more considerable proportion in patients with inferior STEMI after PCI, but
the association is not statistically significant.

INTISARI

Latar Belakang: Blok atrioventrikular (AV) lanjut merupakan salah satu
komplikasi pada infark miokard akut elevasi segmen-ST (IMA-EST) yang
berkaitan dengan mortalitas, khususnya IMA-EST inferior. Klasifikasi
Mosseri membagi keparahan lesi koroner yang menyuplai arteri nodus AV.
Lesi Mosseri tipe IV paling sering ditemukan pada populasi pasien yang
mengalami gangguan konduksi kronis dan populasi IMA-EST secara umum.
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Tujuan: Mengetahui hubungan lesi Mosseri tipe IV dengan blok AV lanjut
menetap pada pasien IMA-EST inferior pasca intervensi koroner perkutan
(IKP).

Metode Penelitian: Observasi analisis ini dilakukan secara potong lintang
menggunakan data sekunder catatan medis di RSUP Dr. Sardjito sejak
periode Agustus 2018-Agustus 2021, pada populasi IMA-EST inferior yang
mengalami blok AV lanjut dan dilakukan IKP, kemudian dilakukan
penelusuran terhadap karakteristik dasar, elektrokardiogram, dan hasil
angiografi koroner.

Hasil: Selama periode observasi sebanyak 192 pasien mengalami blok AV
lanjut pada IMA-EST inferior, 138 pasien memenuhi Kkriteria inklusi dan
eksklusi. Rerata usia pada kelompok blok AV lanjut menetap 62,77+10,78
tahun (p= 0,739), dan jenis kelamin perempuan 30,8% (p= 0,303). Terdapat
perbedaan yang signifikan pada kelompok dengan blok AV lanjut menetap
didapatkan tekanan darah yang lebih rendah dengan median tekanan darah
(TD) sistolik 91 (70-147) mmHg dan diastolik 54 (25-104) mmHg (p= 0,019
& 0,000), dan proporsi aliran thrombolysis in myocardial infarction (TIMI)<3
sebesar 61,5% (p= 0,024). Lesi Mosseri tipe IV pada blok AV lanjut menetap
memiliki proporsi yang lebih besar (61,5%) (OR 1,79; IK 95% 0,56 - 5,77),
namun hubungan tersebut tidak signifikan secara statistik (p= 0,325).
Analisis multivariat menunjukkan TD diastolik rendah (p= 0,008, OR 0,897;
0,828-0,971) dan aliran TIMI <3 (p= 0,042, OR 3,935; 1,048-14,770)
merupakan faktor prediktor independen yang berhubungan dengan kejadian
blok AV lanjut menetap.

Simpulan: Kejadian blok AV lanjut menetap dengan lesi Mosseri tipe IV
memiliki proporsi yang lebih besar pada IMA-EST inferior pasca IKP, namun

hubungan tersebut tidak signifikan secara statistik.

Introduction

Acute myocardial infarction (AMI) is one of the most
common causes of morbidity and mortality across the
globe. Around 15% of mortality each year is caused by
AMI.! In developing countries, the prevalence of AMI has
varied since the revascularization era.2 Data from
healthcare facilities in Indonesian STEMI (iSTEMI) from
2014 to 2017 showed an increment of number ST-
Elevation Myocardial Infarction (STEMI) every year with
a prevalence of 48.9% from all acute coronary syndrome
(ACS)in 20173

An advanced atrioventricular (AV) block is one of the
complications of AMI. High degree AV block (HDAVB) is
defined as conduction disturbance in the AV node when
there were >2 consecutive P waves within physiologic
heart rate that do not conduct to ventricle with the
evidence of AV conduction. Meanwhile, total AV block is
no evidence of AV conduction* Traditionally, AV block 2:1
and HDAVB are grouped as second-degree AV blocks, but
the location of conduction disturbance cannot solely be
seen from a surface electrocardiogram (ECG)5 Several
studies included second-degree Mobitz II to total AV
block into the spectrum of advanced AV block.6-8

Incidence of AV block range between 2-14% and reach up
to 28% in inferior STEMI. After the reperfusion era with
primary percutaneous coronary intervention (PCI), AV
block incidence in AMI decreased to 1,9%, but 79% of AV
blocks still happen on inferior STEMI® Inferior STEMI 2-4
times more vulnerable to advanced AV block than
anterior infarct location19 the latest study showed

inferior-lateral/lateral STEMI was an independent risk
factor for advanced AV block and the need for a
temporary pacemaker. It is related to coronary
circulation dominance of blood vessel that supplies the
AV nodal artery, which derives from the right coronary
artery (RCA) or left circumflex (LCx) artery.11

Thirty-day mortality of STEMI with total AV block was
33%, and long-term mortality is still significant even
though the incidence of advanced AV block decreases
after the primary PCI era.61 Another study showed 30
days mortality of inferior STEMI with AV block higher
than the population without AV block with an odds ratio
(OR) 2,2.12 Recent guidelines related to PCI on STEMI late
presentation more than 12 hours onset only
recommended to a patient with unstable hemodynamic
and electrical instability or ongoing ischemia. Total AV
block did not explicitly mention as one of electrical
instability.13 Recommendation of latest guideline PCI
only conducted in the infarct-related artery.14

After revascularization, 70% of AV block cases recovered
<12 hours. Meanwhile, 30% of patients recovered within
various times from 12 hours to 12 days.15 After PC],
delayed AV block recovery was estimated to be caused by
a microvascular obstruction in the artery that supplies
the AV node.l’6 Most STEMI patients with AV block
complications that had disruption of coronary flow to the
bundle branch have a higher risk of permanent AV block
in the future and are considered candidates for
permanent pacemaker (PPM) implantation.17.18



Mosseri et al. (1997) made pathological classifications
from the coronary artery, which supplies the AV node
conduction system to four types in patients with chronic
AV block with PPM. In Mosseri type I, there is no
significant lesion in the septal branch or AV nodal artery;
in type II, there is a significant lesion (>50% stenosis)
interrupting the septal branch from the left descending
artery (LAD); in type IlII, there is a significant lesion
interrupting the flow to AV node artery; and in type IV is
the combination of type Il and IIl lesion.!® Mosseri
classification has the highest proportion, around 40%
among AMI patients complicated with advanced AV
block. Generally, reversibility of AV block in AMI patients
is higher (86,7%) than in non-AMI presentation
populations.2® Patients with stenosis in RCA and LAD that
supplies septal branch (type IV Mosseri lesion) are
commonly found in patients with conduction disturbance
using PPM.19.21

Advanced AV block is caused by decreased coronary
blood flow that supplies the AV node. Around 9% of
patients with high degree AV block need implantation of
PPM because permanent damage to the conduction
system causes an inadequate flow of coronary artery and
thrombolysis in myocardial infarction (TIMI) before or
after revascularization.22 Besides the coronary supplies
from the AV nodal artery, most supplies are derived from
the collateral or contralateral system of the septal
perforator branch from proximal LAD.23 After
revascularization, the patency of collateral arteries is
influenced by vasoconstrictor drugs and nitrate release.24

In several cases, conduction disturbance can be
permanent, possibly caused by disruption of flow on
proximal LAD that supplies ventricular septal. The latest
recommendation for STEMI patient interventions needs
to be conducted only in the infarct-related artery. This
study aims to find Mosseri type IV lesion association with
permanent advanced AV block in the inferior STEMI
population. The result from this study is expected to be a
consideration for clinical judgment in inferior STEMI
complicated with AV block underwent revascularization
and had type IV Mosseri lesion. To this extent, there is no
further study related to coronary pathology classification
on inferior STEML

Methods

This study is an analytical observational with a cross-
sectional method conducted in RSUP Dr. Sardjito after
receiving permission from FKKMK UGM medical ethical
committee. Study subject data was taken from Sardjito
Cardlovascular intENsive CarE (SCIENCE) registry and
RSUP Dr. Sardjito medical records that have fulfilled
inclusion and exclusion criteria since 2018. The study
subject is inferior STEMI complicated with block AV and
had successful PCI, defined as recovery flow in infarct-
related artery, then hospitalized in ICCU RSUP Dr.
Sardjito Yogyakarta and registered in SCIENCE registry
since August 2021 taken retrospectively to August 2018.

Inclusion criteria in this study consist of 1) patient's age
> 18 years old, 2) diagnosed with inferior/inferior with
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the right, or posterior, or lateral infarct, 3) advanced AV
block before PCI, 4) underwent primary or rescued PCI
and had recovery of blood flow in an infarct-related
artery (RCA/LCx depends on coronary dominance), 5)
hospitalized in ICCU RSUP Dr. Sardjito, and 6) has been
evaluated for ECG after PCI. Exclusion criteria in this
study are: 1) patients with a history of coronary artery
by-pass surgery, 2) patients with congenital heart
disease, 3) patients with PPM implantation before, 4)
patients with advanced AV block which has recovered to
second degree AV block Mobitz |, first degree AV block, or
normal sinus rhythm before PCI, 5) patient had
intervention in LAD and, 6) study subject without
complete medical record data.

Research Protocol

The study subjects were patients diagnosed with inferior
STEMI who experienced an advanced AV block before
PCI. We collected 12-leads before and after PCI from
medical records. After PCI, the reversibility of AV block
was decided from the ECG evaluation showing
transformation to sinus rhythm or at least to second-
degree Mobitz I or first-degree AV block. Permanent
advanced AV block is defined if there's no recovery of
advanced AV block from the ECG evaluation before
implantation of PPM or death. Duration of AV block is
defined as the time of patient underwent
revascularization at PCI until recovery of AV conduction
delay, death, or implantation of PPM.

Data related to coronary angiography taken from the
patient's procedure log record include coronary profile,
wire crossing time, and TIMI flow after PCI. Mosseri
classification will be classified from the coronary
angiography profile by the researcher from the
operational definition of Mosseri classification. Mosseri
classification will be grouped into type IV and non-type
IV; in this study, non-type IV is type IIl. Data of TIMI flow
taken from each interventionist conducting the
procedure has been calculated for inter-observer study
with mean kappa 0,87.25

The analyzed parameter is patients' clinical
characteristics (age, sex, diabetes mellitus, hypertension,
smoking history, history of ACS, clinical conditions),
systolic and diastolic blood pressure, coronary
angiography profile such as Mosseri classifications, TIMI
flow after PCI, and total ischemic time. If there were
incomplete data from medical records, the subject would
be excluded from the study.

Statistical Analysis

Data were analyzed with Statistical Package for the Social
Science (SPSS) International Business Machine (IBM)
software version 23. Univariate analysis numeric variable
using Kolmogorov-Smirnov/ Shapiro-Wilk test where p
>0,05 showed normal data distribution. Numeric
variables with normal distribution will be shown as mean
+ standard deviation (SD). Meanwhile, data without
normal distribution will be shown as median (minimum-
maximum).26
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Numeric variables with normal distribution will be Hypothesis Analysis of Type IV Mosseri Lesion with
bivariate analyzed with an independent T-test. Permanent Advanced AV Block
Meanwhile, without normal distribution will be tested Table 2.
with all non-'param?tric test Mar}n-Whitne'y. The Hypothesis analysis of type IV Mosseri lesion with permanent Advanced AV block
categorical variable will be analyzed with the Chi-Square Advanced AV Block p-value OR Cl95%
test; if there were less than five expected counts from one Permanent _ Transient “min max
cell Fisher test will be used. All independent variables will (n=13) (n=125)
be analyzed with multivariate analysis to determine Type of 0,325 1,79 0,56 5,77
confounding factors from Mosseri lesion with the Chunk Mosseri, %
test.2627 v 8(61,5) 59 (47,2)
Result IVNon—type 5(38,5) 66 (52,8)
Baseline Characteristics of Study Sub]'ects Information: AV, atrioventricular; Cl, confidence interval; OR,
Odds Ratio
Table 1.
Patients’ baseline characteristic Analysis of association of advanced AV block with type IV
Advanced AV block P-value of Mosseri lesion shows the difference in proportion
Permanent Transient between permanent (61,5%) and transient (38,5%)
(n=13) (n=125) advanced AV block. Value of OR 1,79 (CI 0,56 - 5,77), but
Age, years 62,77 + 10,78 61,69 +11,17 0,739 the difference is not statistically significant (p= 0,325)
Sex, % (Table 2).
Female 4(30,8) 26(20,8) 0,303** Multivariate  Analysis Mosseri Lesion with
Risk Factors, % Confounding Factors
Hypertension, % 8(61,5) 77 (61,6) 0,609**
Diabetes mellitus, % 5 (38,5) 57 (45,6) 0,622 This multivariate analysis tests several variables such as
Smoker, % 9(69,2) 83 (66,4) 0,552 age, sex, risk factors of hypertension, diabetes mellitus,
History of ACS, % 0(0) 4(3,2) 0,670%* smoker, history of ACS, systolic and diastolic blood
BP after PCI pressure, TIMI flow after PCI, and total ischemic time
Systolic, mmHg 91 (70-147) 111(70-180) 0,019* (Table 3). That analysis showed that type IV Mosseri
Diastolic, mmHg 54 (25-104) 65 (38-99) 0,000* lesion is not statistically significant in association w1t-h
TIMI after PC|<3**, % 8 (61,5) 37 (29,6) 0,024* permanent advanced AV block (p= 0,788) Low dlaStOlllC
Total ischemic time, 1277 (302-7455)  853(165-7444) 0,129 blood pressure and TIMI flow <3 are independent risk
minute factors to the permanent advanced AV block. At the final
*Baseline characteristic study subject had statistically significant multivariate analysis, diastolic blood pressure and TIMI
difference between 2 groups with p-value <0,05 flow <3 after PCI had statistically significant value in a
**Fisher test is used because there were cells with an expected count row p= 0,008 (OR 0,897, CI 95% 0,828-0,971) and p=
of less than 5 0,042 (OR 3,935, C1 95% 1,048-14,770).

Table 3.
Multivariate analysis of type Mosseri lesion with confounding
factors of reversibility Advanced AV block

Information: ACS, acute coronary syndrome; AV,
Atrioventricular; BP, blood pressure; PCI, percutaneous
coronary interventions; TIMI, Thrombolysis in

Myocardial Infarction p- OR (C195%)

value
From August 2018 to August 2021, 192 patients Type IV Mosseri Lesion 0,783 0,829 (0,211-3,259)
(27,04%) had advanced AV block from 710 patients Systolic BP 0,445 1,017 (0,974-1,063)
diagnosed with inferior STEMI in RSUP Dr. Sardjito. A Diastolic BP 0,008* 0,897 (0,828-0,971)

TIMI flow <3 after PCI 0,042* 3,935 (1,048-14,770)
Information: BP, blood pressure; Cl, confidence interval; OR,
0Odds Ratio; TIMI, thrombolysis in myocardial infarction

total of 138 patients fulfilled inclusion and exclusion
criteria and were included as a study subject, 13 patients
(9,4%) had permanent, and 125 patients (90,6%) had
transient advanced AV block (Table 1).

Sub-analysis of Transient Advanced AV Block Group
with Duration of AV Block after PCI

Sub-analysis was conducted in transient advanced AV
block compared to type IV and non-type IV Mosseri lesion
to find out Advanced AV block recovery duration after PCI
(Figure 1). This study showed that 74,6% of patients with
type IV and 69,7% of patients with non-type IV Mosseri
lesions experience reversibility of advanced AV block less
than the first 24 hours after PCI. Bivariate analysis
between Mosseri lesion and each group of transient
advanced AV block (>24-48 hours, >48-72 hours, and >72
hours group) compared to advanced AV block <24 hours



group showed a difference which is not statistically
significant (p=0,753; 0,535; and 0,404).

m Type IV Mosseri Lesion
# Non-type IV Mosseri Lesion

80,0% p=0,535 p= 0,404
70,0%
60,0%
50,0%
40,0%
30,0%
20,0%
10,0%

0,0%

& |
<24 hours >24-48 hours >48-72 hours >72 hours

Figure 1. Bar chart of transient Advanced AV block after PCI
which grouped based on type IV and non-type IV Mosseri lesion

Discussion

There was no statistically significant difference in age
between the group of patients with permanent and
transient advanced AV block in this study. The
degenerative process of the conduction system starts at
the age of 40-75 years old.28 That result aligns with the
previous case report in geriatric patients with ACS who
underwent PCI; advanced AV block was transient. This
result showed that the chronic degenerative process in
the conduction system had no significant difference in the
occurrence of permanent advanced AV block in acute
STEMI conditions after PCI.29

Theoretically, the existing comorbid conditions such as
hypertension, diabetes mellitus, older age, and smoking
may be caused by chronic damage to the conduction
system. In STEMI with advanced AV block, complications
will add severity to the occurrence of permanent
advanced AV block.30-33, The result from the bivariate
analysis did not show those theories. Chronic risk factors
did not add severity to conduction disturbance in acute
conditions.

In this study, no patient had a history of ACS that had
permanent advanced AV block, and there was no
difference between the group with transient and
permanent AV block. Conclusion This result supports the
previous data that a patient with a history of ACS is less
likely to have advanced AV block.” The probability that
may explain this phenomenon was the previous ischemic
condition already triggered the development of collateral
flow. When acute ischemic happens after the existing
collaterals will be increased and prevent the occurrence
of permanent advanced AV block.3435

On the ECG evaluation, most study subjects had recovery
of AV block into sinus rhythm, first-degree AV block, or
second-degree Mobitz I after the patient had PCI. There
was 61,5% patient with type IV, and 38,5% with non-type
[V lesion had permanent advanced AV block with OR 1,79
(CI 95% 0,55-5,77), but its statistically not significant.
This result differed from the previous study, where a
higher proportion of permanent advanced AV blocks had
type IV Mosseri lesions (58,3%) even though the result
was not statistically significant. That study may have
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different results because that population included
anterior STEMI with advanced AV block.20

The possibilities were that anterior infarction frequently
involved conduction disturbance in His bundle because of
flow obstruction at the proximal septal perforator
branch. The damage that happened to His bundle was
more likely to be permanent and needed PPM
implantation.#22 This result shows that in the inferior
STEMI population, there was a better possibility of
advanced AV block reversibility compared to anterior
STEMI after PCL Unlike patients with coronary artery
disease, a chronic condition with type IV Mosseri lesion
had a higher possibility of conduction disturbance that
needed the implantation of PPM than the AMI population
after revascularization.!81936 Patients with permanent
advanced AV block prone had lower systolic and diastolic
blood pressure than transient advanced AV block. This
result is in line with a previous study that showed lower
systolic and diastolic blood pressure in a group with
permanent advanced AV block (median 94 mmHg and 64
mmHg in a row) and an independent predictor of
advanced AV block in inferior STEMI.11

There was a statistical difference in proportion with
permanent and transient AV blocks in TIMI flow <3 after
PCI. A decrease in TIMI flow indicates non-fully reversible
reperfusion. A similar result showed from a study in Hong
Kong on inferior STEMI patients who did not undergo
PCI; the reversibility of advanced AV block is longer up to
the implantation of PPM.15 Decrease flow to RCA od septal
branch caused by blood pressure or TIMI flow factors
supports the ischemia theory related to the variance of
conduction disturbance.?2 In multivariate analysis,
diastolic blood pressure and TIMI flow <3 showed that
the higher value of diastolic blood pressure will be
protective meanwhile TIMI flow <3 after PCI will be the
risk factors for permanent advanced AV block. Lower
blood pressure may be related to larger infarct size and
right ventricular infarction.!s Diastolic blood pressure is
considered a triggering factor for developing collateral
flow to the AV node to fasten the recovery of conduction
disturbance.223537 Lower blood pressure and recurrent
hypotension were related to permanent Advanced AV
block.22

Recovery from advanced AV block with good TIMI flow
and high diastolic blood pressure cannot be separated
from the theory of good collaterals to AV node and
branches of conductions systems. The growth and
patency of collaterals are mentioned depending on
balloons inflation at PCI and the release of nitrates. After
revascularization on the infarct-related artery or
additional drug injection with vasoconstrictors
properties, the collateral flow will regress, even though
the regression functionally will not happen in the first 24
hours after successful PCI.243839

In this study subjects, there was no significant difference
between the total ischemic time of patients with
permanent and transient Advanced AV block, with
median total ischemic time in consecutively 853 and
1277 minutes, and 90,6% of subject populations in this



study recovered from Advanced AV block. The result
supports a previous study in China with a similar baseline
characteristic of late presentation inferior STEMI (>12
hours); there was recovery from total AV block after
PCL.13  Theoretically, permanent damage to the
myocardium can be caused by microvascular obstruction
resulting from prolonged ischemic time >120 minutes,
even though the epicardial coronary artery is already
patented.40

This study's result showed the difference from the
common theory with long ischemic time after PCI the
reversibility of Advanced AV block may still happen.
Microvascular obstruction is one of the reperfusion
injuries suspected as one of the mechanisms of sustained
ischemia on the conduction system after successful PCL.16
Fast recovery after reperfusion may be influenced by
protective factors on the AV node that prevents infarction
or permanent damage from the AV node. Those
characteristics are not owned by the myocardium, such
as the ability to absorb oxygen and nutrition from the
sinusoid vein, collateral flow, and high content of intracell
glycogen.61641 Development of good collateral flow in
patients with significant chronic lesions on more than one
coronary artery, as seen on type IV Mosseri lesion, might
be a better trigger of acute recanalization of the collateral
vessel than non-type IV lesion.35

Conclusions

Permanent advanced AV block with Type IV Mosseri lesion
had a more considerable proportion in patients with
inferior STEMI after PCI, but the association is not
statistically significant.
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