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earlY sUrGiCal treatMent of aCUte CoronarY 
sYndroMe in Patients witH st-seGMent eleVation 
(at < H24), arrHYtHMiC CoMPliCations 
and seVere Mitral reGUrGitation

a b s t r a C t  — Treatment outcomes of acute coronary 
syndrome in 108 patients with ST-segment elevation 
(after more than 24 hours) complicated by arrhythmias 
(atrial fibrillation and atrial flutter) and subsequently 
developed severe (degrees 2 and 3) mitral insufficiency were 
analyzed. We elaborated an algorithm for the sequence of 
interventions. All the patients had coronary angiography 
and stenting of the symptom-dependent artery during 
the first 2 days after the admission. Depending on the 
localization of the left ventricular myocardial infarction 
zone, the patients were divided into 3 groups: 68 (63%) 
patients with anterior wall and apex infarction; 23 (21.3%) 
patients with posterior wall infarction; 17 (15.7%) patients 
with lower wall infarction. It was revealed that patients, who 
had undergone revascularization in the early stages, had a 
statistically significant increase in the main indicators of 
myocardial contractility, in contrast to patients receiving 
only conservative therapy. In the observation group, 
sinus rhythm was restored in all patients 1–4 days after 
hospitalization. 12 patients underwent emergency electrical 
cardioversion on the day of admission. In 31 patients, sinus 
rhythm was restored within the first 24 hours during therapy 
prior to revascularization. In 39 patients, sinus rhythm 
was restored during therapy on days 3–5 after primary 
revascularization. In 26 patients, sinus rhythm was restored 
2–4 days after complete revascularization. Based on the 
study, several conclusions can be drawn: in conditions of 
heart failure, revascularization is best to perform at the 
earliest possible stage. The optimal values of vital functions 
for performing revascularization can be considered: systolic 
blood pressure ≥ 80 mm Hg; heart rate ≤ 110 beats per 
minute. In primary surgical treatment, it is most optimal 
to revascularize only the symptom-dependent artery. Re-
intervention for complete revascularization is most effective 
and safe 10–14 days after the initial intervention. The use 
of emergency electrical cardioversion in those patients in 
the preoperative period is fully justified, despite the existing 
risks. Application of our algorithm helps to restore sinus 
rhythm, reduce the degree of mitral regurgitation and reduce 
mortality.

K e y w o r d s  — acute coronary syndrome, ST segment 
elevation, atrial fibrillation, atrial flutter, coronary 
angiography, coronary stent placement, left ventricular 
remodeling.
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i n t r o d U C t i o n
 Patients with acute coronary syndrome with 

ST-segment elevation (after more than 24 hours), 
complicated by rhythm disturbances (atrial fibrillation 
and atrial flutter) and subsequently developed severe 
(degrees 2 and 3) mitral insufficiency are referred to as 
critically ill patients [1, 2, 3]. With myocardial infarc-
tion over 24 hours, the need for coronary angiography 
and revascularization in an urgent manner remains 
controversial, and concomitant tachyarrhythmias, 
decreased left ventricular ejection fraction and severe 
mitral regurgitation are often perceived as relative 
contraindications to the aforementioned procedures. 
It should be noted that such patients are often admit-
ted in an extremely serious or critical condition, which 
requires prolonged infusion of adrenomimetic drugs, 
which in turn lead to an increase in heart rate and ag-
gravation of heart failure symptoms [5, 6]. The use of 
intra-aortic balloon counterpulsation to stabilize the 
condition of such patients is often ineffective because 
it does not coincide with the systole-diastolic mecha-
nism [7].

The conservative treatment has low effectiveness 
in such patients and often results in death. The effec-
tiveness of the use of systemic thrombolysis is also ques-
tionable. The possibility of using antiarrhythmic drugs 
to reduce heart rate or restore sinus rhythm is limited 
due to severe hypotension. The timing and sequence of 
invasive procedures is also the subject of much debate. 
The prevalence of endovascular and cardiac surgeons in 
the clinic determines the tactics of surgical treatment 
[8, 9, 10]. The use of radiofrequency ablation methods 
as the first stage is not indicated for such patients [11].

http://dx.doi.org/10.35630/2199-885X/2021/11/4.23

The reference literature describes cases of suc-
cessful treatment of such patients, but with infarction 
within 6–8 hours [12]. However, in the case when 
optimal time for revascularization has been missed, 
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the issue of treatment tactics for such patients is very 
relevant, especially while patient can be transported 
[13, 14].

The purpose of this article is to analyze the results 
of treatment of patients with acute coronary syndrome 
with ST-segment elevation (after more than 24 hours), 
complicated by tachyarrhythmias (atrial fibrillation 
and atrial flutter) and subsequently developed severe 
(degrees 2 and 3) mitral insufficiency in our clinic in 
the period of 2005–2021 and the creation of an algo-
rithm for the sequence of interventions.

M a t e r i a l s  a n d  M e t H o d s
This article is based on the treatment outcomes 

for acute coronary syndrome in 108 patients with ST 
segment elevation (after more than 24 hours) com-
plicated by arrhythmias (atrial fibrillation and flutter) 
and subsequently developed severe (degrees 2 and 3) 
mitral insufficiency. The study took place at our clinic 
(Georgievsky Crimean State Medical Academy, Sim-
feropol) in the period from 2005 to 2021. The average 
age of the patients was 63 ± 2.4 years (from 49 to 78 
years). There were 74 (68.5%) men and 34 (31.5%) 
women. All of the above patients were admitted to our 
clinic presumably 24–36 hours after the onset of left 
ventricular myocardial infarction. ECG of all patients 
showed atrial fibrillation (89 patients — 82.4%) or 
atrial flutter (19 patients — 17.6%) with a heart rate of 
120 to 160 bpm (average heart rate was 135 ± 12 bpm). 
Systolic blood pressure was from 75 to 100 mm Hg 
(average systolic blood pressure 87 ± 6 mm Hg). Aver-
age SpO2 was 80 ± 4%. All patients were admitted 
to the clinic in an extremely serious condition with 
symptoms of incipient cardiogenic shock. 

All the patients underwent coronary angiography 
and stenting of the symptom-dependent artery during 
the first 2 days after admission to the clinic. Based 
on angiography data, single-vessel coronary artery 
disease was observed in 43 (39.8%) patients (throm-
botic occlusion of 1 or 2 portions of LAD LCA — 17 
patients; thrombotic occlusion of 1 or 2 portions of 
LCX — 12 patients; thrombotic occlusion 1 or 2 por-
tions of RCA — 17 patients). Two-vessel disease was 
observed in 45 (41.7%) patients: LAD LCA + LCX 
- 21 patients, LAD LCA + RCA - 14 patients, LCX 
+ RCA — 10 patients. Three-vessel disease (LAD + 
CX + RCA) was observed in 20 (18.5%) patients. The 
infarction-associated artery was considered LAD in 68 
(63%) patients, CX in 23 (21.3%) patients and RCA 
in 17 (15.7%) patients respectively. Urgent coronary 
angiography was performed in 24 (22.2%) patients due 
to recurrent pain syndrome. On the day of admission, 
all patients underwent echocardiography which data 
are presented in Table 1.

Depending on the localization of the left ven-
tricular myocardial infarction zone, the patients were 
divided into 3 groups. 68 (63%) patients had anterior 
wall and LV apex infarction; 23 (21.3%) patients had 
LV posterior wall infarction; 17 (15.7%) patients had 
LV inferior wall infarction. None of the patients had 
undergone systemic thrombolysis at the prehospital 
stage due to the late decision of patients to seek medi-
cal help.

For a more objective analysis of treatment results, 
58 patients were assigned to a control group (mean age 
— 72 ± 6.2 years). They underwent early (≤48 hours) 
revascularization after hospitalization and control 
coronary angiography 14–21 days after hospitaliza-
tion. These patients had been admitted to the clinic 
24–48 hours after the alleged myocardial infarction of 
the anterior LV wall with concomitant atrial fibrilla-
tion on the ECG (heart rate was from 115 to 145 beats 
per minute (mean heart rate was 128 ± 14 bpm) and 
severe mitral regurgitation. Systolic blood pressure was 
from 85 to 110 mm Hg (mean systolic blood pressure 
was 93 ± 8 mm Hg). Mean SpO2 was 88 ± 3%. Due to 
the absence of signs of cardiogenic shock and pulmo-
nary edema, it was decided to continue the conserva-
tive therapy for 2–3 weeks (coronary angiography was 
declined by the patients).

The study involved standard research methods 
(instrumental, clinical and laboratory). The results of 
the patients' treatment were analyzed within 6 months. 
The study traced the change in the degree of mitral 
valve insufficiency, change in the pumping function 
of the left ventricle by measuring LVEF, end-systolic 
dimension (ESD), end-diastolic dimension (EDD), 
end-diastolic volume (EDV), end-systolic volume 
(ESV) before and after surgical correction of coronary 
arteries stenosis.

The obtained results were statistically processed 
using the Statistica 10.0 software (StatSoft Inc., USA) 
by determining the median (Me) and interquartile 
range (Q1–Q3). The statistical significance of differ-
ences between groups was assessed using the nonpara-
metric Mann-Whitney test. Values were considered 
significant at p <0.05.

r e s U l t s
All patients in the observation group underwent 

coronary angiography and stenting within the first 48 
hours after admission to the clinic. 24 patients (22%) 
underwent coronary angiography and subsequent 
stenting within 10 minutes after the admission. 82 pa-
tients (78%) had the intervention postponed (within 
24-48 hours after admission) until their stabilization. 
Intra-aortic balloon counterpulsation (IABP) was 
placed in 43 patients (40.6%).
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We considered the optimal indicators of vital 
functions for CAG as follows: systolic blood pressure 
≥ 80 mm Hg; heart rate ≤ 110 bpm. Based on coro-
nary angiography data, all patients underwent stenting 
of the symptom-dependent artery at the first stage, 
and had complete revascularization at the second stage 
(after 10–12 days).

On the 5th day after the first stage of stenting, 
the patients underwent control echocardiography 
(Table 2). It was found that patients with mono-lesion 
had a statistically significant decrease in EDD (by 
15.6%), ESD (by 16.1%), EDV (by 23.5%), and ESV 
(by 31.4%); that led to an increase in systolic func-
tion of LVEF (increase in ejection fraction by 31.3%), 
(p <0.05). There was a significant decrease in the 
diameter of the regurgitation wave on the mitral valve 
to 3.8 ± 0.2 mm (decrease by 34.6%). Patients with 
two-vessel disease had a statistically significant de-
crease in EDD (by 12.1%), ESD (by 13.5%), EDV (by 
17.2%), and ESV (by 23.3%); that led to an increase in 
systolic function of LVEF (increase in ejection fraction 
by 18.4%) (p <0.05). There was a significant decrease 
in the diameter of the regurgitation wave on the mitral 

valve to 5.7 ± 0.2 mm (decrease by 17.4%). Patients 
with three-vessel disease had a statistically signifi-
cant decrease in EDD (by 11.3%), ESD (by 17.2%), 
EDV (by 16.6%), and ESV (by 27.4%). This led to an 
increase in LVEF systolic function (increase in ejection 
fraction by 26.8%) (p <0.05). There was a significant 
decrease in the diameter of the regurgitation wave on 
the mitral valve to 6.2 ± 0.1 mm (decrease by 34.6%). 

It was revealed that patients, who had undergone 
revascularization in the early stages, had a statistically 
significant increase in the main indicators of myocar-
dial contractility, in contrast to patients receiving only 
conservative therapy. Tab. 2.

In the observation group, sinus rhythm was 
restored in all patients 1–4 days after hospitalization. 
12 patients underwent emergency electrical cardio-
version on the day of admission. In 31 patients, sinus 
rhythm was restored within the first 24 hours during 
therapy prior to revascularization. In 39 patients, the 
sinus rhythm was restored during therapy, 3–5 days 
after the primary revascularization was performed. In 
26 patients, sinus rhythm was restored 2–4 days after 
complete revascularization.  

Statistical parameter
Patients with single–
vessel coronary artery 
disease

Patients with two–
vessel coronary artery 
disease

Patients with three–
vessel coronary artery 
disease

Control group of 
patients

Number of patients 43 45 20 58

LVEF (%)
M±σ
Me
[Q1–Q3]

32,3±4,7
[27,3–38,7]

28,6±2,9
[24,3–32,7]

27,5±3,6
[23,3–32,4]

36,2±2,9
[32,5–41,4]

EDV (ml)
M±σ
Me
[Q1–Q3]

162± 22
[126–189]

173± 18
[148–195]

167± 23
[134–199]

165± 19
[146–188]

ESV (ml)
M±σ
Me
[Q1–Q3]

106± 13
[91–121]

124± 17
[102–143]

119± 14
[112–127]

102± 9
[89–119]

SV (ml)
M±σ
Me
[Q1–Q3]

49± 6
[41–59]

53± 8
[42–68]

47± 3,5
[41–53]

59± 3,5
[53–66]

EDD (sm)
M±σ
Me
[Q1–Q3]

5,77±0,27
[5,32–6,32]

5,62±0,27
[5,04–5,91]

5,59±0,2
[5,05–5,89]

5,43±0,31
[5,27–5,72]

ESD (sm)
M±σ
Me
[Q1–Q3]

4,28±0,15
[4,13–4,62]

4,31±0,15
[4,12–4,59]

4,4±0,13
[4,15–4,55]

4,5±0,19
[4,32–4,65]

Vena contracta on 
the MV (mm)

M±σ
Me
[Q1–Q3]

6,2±0,6
[4,9–6,9]

6,3±0,5
[5,2–7,1]

7,1±0,9
[4,9–8,2]

6,4±1,1
[5,1–7,9]

Aortic calcification, 
number of patients (%)

12
(28%)

25
(60%)

14
(70%)

32
(55%)

Abbreviations:  LVEF — left ventricular ejection fraction; EDV — end-diastolic volume of the left ventricle; end-systolic volume of the left ventricle; SV — stroke volume; 
EDD — end-diastolic dimension; ESD — end-systolic dimension; Vena contracta on the MV — narrowed vein on the mitral valve.

Table 1.  Patients’ echocardiographic data 
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In the control group, the sinus rhythm was 
restored in 34 patients, and the others had a persist-
ent arrhythmia. In 17 patients, the sinus rhythm was 
restored and maintained. 7 patients had a persistent 
atrial fibrillation.

As a result of the treatment, 7 patients from 
the group of operated patients and 17 patients from 
the control group died (within 7 days after hospi-
talization). In the observation group, 3 patients died 
within 48 hours after the first revascularization due to 
ongoing cardiogenic shock; 1 patient died as a result 
of acute mesenteric thrombosis on the 5th day after 
primary revascularization; 2 patients died as a result of 
acute rupture of LV myocardium and tamponade on 
the days 12 and 14 after hospitalization; 1 patient died 
on the 9th day after hospitalization as a result of recur-
rent myocardial infarction and ventricular fibrillation. 
As can be seen from these statistics, despite the initially 
higher rates of left ventricular contractility, mortality 
was significantly higher in the group of non-operated 
patients. At discharge, a decrease in the severity of 
acute heart failure and an improvement in well-being 
were noted in all patients clinically.

d i s C U s s i o n
This category of patients initially belongs to the 

high-risk group. Until now, there is no unambiguous 
algorithm for providing care, including surgical treat-

ment, based on the duration of myocardial infarction. 
Developed AF with severe mitral regurgitation are 
aggravating factors, which in some cases is a contrain-
dication to revascularization. Vital indicators (blood 
pressure, heart rate and SpO2) in which coronary angi-
ography followed by revascularization are not definite 
constant and vary depending on the specific situation. 
The minimal values of vital functions that we used for 
revascularization showed high efficiency of treat-
ment, especially in comparison with other treatment 
tactics. The need for early revascularization, despite the 
existing risks, turned out to be fully justified, which is 
confirmed by the above data.

C o n C l U s i o n
1.  Despite the duration of myocardial infarction 

more than 24 hours, in conditions of severe heart 
failure, it is best to perform revascularization at 
the earliest possible terms.

2.  Consider the optimal values of vital functions for 
revascularization as follows: systolic blood pressure 
≥ 80 mm Hg; Heart rate ≤ 110 beats per minute.

3.  Despite the higher rates of contractility, the 
survival rate is lower in the group where only 
conservative treatment was used

4.  In the group of operated patients, the frequency 
of restoration of sinus rhythm is higher than in 
the group of non-operated patients.

Table 2.  Dynamics of patients’ echocardiography on day 5 after the first stage of stenting 

Note:  p <0.05 — the differences are statistically significant compared to the value on the day of hospitalization

Statistical parameter
Patients with single-
vessel coronary artery 
disease

Patients with two-vessel 
coronary artery disease

Patients with three-
vessel coronary artery 
disease

Patients who have not 
undergone revasculariza-
tion

EDD, sm

M±σ
Me
[Q1-Q3]
р

5,037±0,15
[4,82-5,11]
0,005

5,12±0,17
[5,04-5,21]
0,005

5,18±0,22
[5,05-5,29]
0,0001

5,41±0,29
[5,23-5,70]
2,1

ESD, sm

M±σ
Me
[Q1-Q3]
р

4,03±0,12
[3,95-4,19]
0,005

4,01±0,15
[3,88-4,21] 0,005

4,12±0,11
[4,0-4,24] 0,005

4,48±0,18
[4,23-4,76]
1,7

ESV, ml

M±σ
Me
[Q1-Q3]
р

72±13
[59-107]
0,0001

77±12
[62-97] 0,005

78±15
[61-94] 0,005

102± 14
[85-117]
1,2

EDV, ml

M±σ
Me
[Q1-Q3]
р

146±15
[123-171]
0,005

138±18
[114-165] 0,0001

144±21
[122-169] 0,0001

163± 18
[139-185]
1,3

EF, %

M±σ
Me
[Q1-Q3]
р

42,8±2,8
[36,4-57,3] 0,005

38,9±2,4
[34,2-57,1] 0,005

36,4±2,3
[36,2-54,4] 0,005

37,1±1,7
[33,2-42,1]
0,79
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5.  The use of emergency electrical cardioversion in 
such patients in the preoperative period is fully 
justified, despite the existing risks.

6.  There is a statistically significant decrease in the 
degree of mitral regurgitation as a result of left 
ventricular remodeling due to revascularization 
and restoration of sinus rhythm.

7.  In primary surgical treatment, it is best to revas-
cularize only the symptom-dependent artery.

8.  Reoperation for complete revascularization is 
most effective and safe 10–14 days after the initial 
intervention.

r e f e r e n C e s
1. Hammerstingl C, Schueler R, Welz A, 

Nickenig G.  Ischämische Mitralklappeninsuffizienz: 
Pathomechanismen und aktuelle Therapieoptionen 
[Ischemic mitral regurgitation : pathomechanisms 
and current therapeutic options]. Internist (Berl). 
2013;54(1):39–40, 42–7, 49–50. doi: 10.1007/s00108-
012-3093-7. PMID: 23111590.

2. Booher AM, Chetcuti SJ, Bach DS.  The 
impact of percutaneous coronary intervention on 
ischemic mitral regurgitation. J Heart Valve Dis. 
2012;21(5):564–9. PMID: 23167219.

3.  Levine RA, Hagége AA, Judge DP, Padala 
M, Dal-Bianco JP, Aikawa E, Beaudoin J, 
Bischoff J, Bouatia-Naji N, Bruneval P, 
Butcher JT, Carpentier A, Chaput M, 
Chester AH, Clusel C, Delling FN, Dietz 
HC, Dina C, Durst R, Fernandez-Friera L, 
Handschumacher MD, Jensen MO, Jeunemai-
tre XP, Le Marec H, Le Tourneau T, Mark-
wald RR, Mérot J, Messas E, Milan DP, Neri 
T, Norris RA, Peal D, Perrocheau M, Probst 
V, Pucéat M, Rosenthal N, Solis J, Schott 
JJ, Schwammenthal E, Slaugenhaupt SA, 
Song JK, Yacoub MH;  Leducq Mitral Transatlan-
tic Network. Mitral valve disease--morphology and 
mechanisms. Nat Rev Cardiol. 2015;12(12):689–710. 
doi: 10.1038/nrcardio.2015.161. PMID: 26483167; 
PMCID: PMC4804623

4. Roffi M, Patrono C, Collet JP, Mueller C, 
Valgimigli M, Andreotti F, Bax JJ, Borger 
MA, Brotons C, Chew DP, Gencer B, Hasen-
fuss G, Kjeldsen K, Lancellotti P, Landmess-
er U, Mehilli J, Mukherjee D, Storey RF, 
Windecker S;  ESC Scientific Document Group. 
2015 ESC Guidelines for the management of acute 
coronary syndromes in patients presenting without 
persistent ST-segment elevation: Task Force for 
the Management of Acute Coronary Syndromes in 
Patients Presenting without Persistent ST-Segment El-
evation of the European Society of Cardiology (ESC). 
Eur Heart J. 2016;37(3):267–315. doi: 10.1093/eur-
heartj/ehv320. PMID: 26320110. 

5. Craig A. Thompson.   Textbook of cardiovascular 
Intervention. Springer –Verlag London. 2014; 19: 
376–379. doi:10.1007 / 978-1-4471-4528-8.

6. De Bruyne B, Fearon WF, Pijls NH, Barbato 
E, Tonino P, Piroth Z, Jagic N, Mobius-Winck-
ler S, Rioufol G, Witt N, Kala P, MacCarthy 
P, Engström T, Oldroyd K, Mavromatis K, 
Manoharan G, Verlee P, Frobert O, Curzen 
N, Johnson JB, Limacher A, Nüesch E, Jüni P; 
 FAME 2 Trial Investigators. Fractional flow reserve-
guided PCI for stable coronary artery disease. N Engl 
J Med. 2014;371(13):1208–17. doi: 10.1056/NEJ-
Moa1408758. PMID: 25176289.

7. Bursi, F.  Mitral regurgitation after myocardial infarc-
tion: a review. Am. j. med. 2006; 119: 103–112. doi: 
10.1016 / j.amjmed.2005.08.025.

8. Borger MA, Alam A, Murphy PM, Doenst 
T, David TE.  Chronic ischemic mitral regurgita-
tion: repair, replace or rethink? Ann Thorac Surg. 
2006;81(3):1153–61. doi: 10.1016/j.athorac-
sur.2005.08.080. PMID: 16488757.

9. Gorman, R.C.  Ischemic mitral regurgitation. Car-
diac surgery in the adult. New York: McGraw-Hill. 
2003; 1: 751–769.

10. Bouma W, van der Horst IC, Wijdh-den 
Hamer IJ, Erasmus ME, Zijlstra F, Mariani 
MA, Ebels T.  Chronic ischaemic mitral regurgita-
tion. Current treatment results and new mechanism-
based surgical approaches. Eur J Cardiothorac Surg. 
2010;37(1):170–85. doi: 10.1016/j.ejcts.2009.07.008. 
PMID: 19716310.

11. Cavalcante, J.L., Obuchowski, N., Saleh, Q. 
et al.  Global left ventricular remodeling, extent of 
inferior wall infarct, and mitral valve geometry are 
important predictors of mitral regurgitation severity 
than total infarct size in advanced ischemic cardiomy-
opathy. J Cardiovasc Magn Reson 16, P 229 (2014). 
https://doi.org/10.1186/1532-429X-16-S1-P229.

12. Yevseev E.P., Balakin E.V., Aydamirov Ya.A., 
Stonogin A.V., Ivanov V.A., Belov Yu.V.  Immedi-
ate results of the correction of valvular heart defects 
simultaneously with the rhythm-converting Cox Maze 
IV procedure. Cardiology and Cardiovascular Surgery. 
2020;13(3):193–198. https://doi.org/10.17116/kar-
dio202013031193.

13. Zolotukhin N.N.  Stationary stage of treatment and 
rehabilitation of patients with acute myocardial infarc-
tion during coronary artery stenting. Preventive medi-
cine. 2021;24(4):52–56. https://doi.org/10.17116/
profmed20212404152.

14. Vyacheslav Mykhaylichenko, Yuri Ko-
styamin, Dmitry Parshin.  Features of left 
ventricle rearrangement in patients with critical 
stenosis of left coronary artery mouth at underlying 
ischemic mitral regurgitation. Archiv EuroMedica. 
2021;11(2):36–39. http://dx.doi.org/10.35630/2199-
885X/2021/11/3/10.

s U r g e r y


