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Abstract

Objectives: Ischemic mitral valve regurgitation (IMR) is a subgroup of secondary mitral valve insufficiency that
develops due to ischemic heart disease. The aim of the study is to evaluate the patients who were operated after
acute myocardial infarction (AMI) for the type of interventions to be performed for the mitral valve in terms of
mortality and morbidity.

Methods: Patients who were admitted to the hospital with the diagnosis of acute myocardial infarction and
operated emergently or urgently between January 2017 and December 2020 were evaluated. Echocardiograph-
ic quantitative and qualitative data were measured. Accordingly, patients were evaluated as mild, moderate or
severe mitral insufficiency. Patients who were found to have significant IMR (= moderate mitral regurgitation)
in the early period and who could achieve complete revascularization were included in the study. Patients were
divided into two groups whether the mitral valve was intervened or not.

Results: The demographical data of the patients that were included in the study is as follows, 73.4% were male and
33% were female. The average age of the patients was 63.2£8.9. Patients were compared in terms of significant
postoperative residual mitral regurgitation. 62.2% (n=23) of the patients undergone isolated CABG had mild mitral
regurgitation. 5 patients with mitral valve annuloplasty (17.9%) had significant residual regurgitation (p<0.001).
Conclusion: Mitral valve intervention should not be considered in non-severe mitral valve insufficiencies (without
papillary rupture or chorda rupture) after AMI. The higher incidence of insufficiency after the use of isolated mitral an-
nular ring due to left ventricular remodeling makes mitral annular ring less of a treatment option in the acute process.

Keywords: Mitral regurgitation; mitral valve; mitral valve annuloplasty; mortality; myocardial ischemia.

Ik Akut Miyokard infarktiisii Sonrasi iskemik Mitral
Yetersizligine Cerrahi Yaklasim

Ozet

Amag: iskemik mitral kapak yetmezligi, iskemik kalp hastaligina bagli olarak gelisen sekonder mitral kapak yet-
mezliginin bir alt grubudur. Calismanin amaci, akut miyokard enfarktiisti sonrasi opere edilen hastalarin mitral
kapaga yapilacak miidahalelerin tiirl agisindan mortalite ve morbidite agisindan degerlendirilmesidir.

Gerecg ve Yontem: Tek merkezli, retrospektif bir calismadir. Ocak 2017 ile Aralik 2020 tarihleri arasinda akut
miyokard enfarktlsi tanisiyla hastaneye bagvuran ve acil veya acil ameliyata alinan hastalar degerlendirildi. Eko-
kardiyografik veriler incelendi. Buna gore hastalar hafif, orta veya siddetli mitral yetmezlige sahip olarak deger-
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lendirildi. Erken dénemde anlamli IMR (= orta derecede mitral yetersizligi) saptanan ve tam revaskiilarizasyon saglanabilen hastalar galismaya dahil
edildi. Hastalar mitral kapaga midahale edilip edilmedigine gore iki gruba ayrildi.

Bulgular: Arastirmaya dahil edilen hastalarin demografik verileri su sekilde olup %73,4'U erkek, %33'U kadindir. Hastalarin ortalama yasi 63,2+8,9
idi. Hastalar anlamli (orta veya yiiksek) postoperatif rezidiiel mitral yetersizligi agisindan kargilagtirildi. izole KABG uygulanan hastalarin %62,2'sinde
(n=23) hafif mitral yetersizligi mevcuttu. Mitral kapak aniiloplastisi yapilan 5 hastada (% 17,9) belirgin rezidiel yetersizlik mevcuttu (p<0,001).

Sonug: Akut Ml sonrasi ciddi olmayan mitral kapak yetmezliklerinde (papiller riiptiirii veya korda riiptlirii olmayan) mitral kapak mudahalesi
dustnilmemelidir. Izole mitral ring kullanimi sonrasi sol ventrikiil remodelingine bagl yetersizlik sikliginin daha yiiksek olmasi, akut strecte mitral

ringin tedavi segenegi olma ihtimalini azaltmaktadir.

Anahtar sozciikler: Mitral yetmezlik; mitral kapak; mitral anlloplasti, mortalite; miyokardiyal iskemi.

Introduction

Ischemic mitral regurgitation (IMR) is a subgroup of secondary
mitral valve insufficiency that develops due to ischemic heart
disease.l' It is caused due to secondary changes in the left
ventricular geometry.>® Approximately 2% of patients with
coronary artery disease have accompanying moderate or se-
vere mitral valve insufficiency.! Current guidelines are still far
from clearly formulating a treatment algorithm. Recent studies
proved that IMR is not a chronical disorder, but it occurs within
the first acute myocardial infarction (AMI).>4!

The aim of the study is to evaluate the patients who were op-
erated after AMI for the type of interventions to be performed
for the mitral valve in terms of mortality and morbidity and to
evaluate the residual regurgitation in the mitral valve.

Materials and Methods

It is a single-centered, retrospective study. Patients who were
admitted to the hospital with the diagnosis of AMI and operat-
ed for emergency revascularization between January 2017 and
December 2020 were evaluated. Patients who were found to
have significant IMR (= moderate mitral regurgitation) in the
early period and who could achieve complete revascularization
were included in the study. We included patients with echocar-
diographic IMR findings, not the patients with mitral regurgi-
tation due to chordae/papillary muscle rupture. A total of 124
patients were included in the study.

Patients with primary mitral valve disorders, patients with chor-
dae or papillary muscle rupture, patients with aortic valve inter-
vention, echocardiographic chronic ischemic mitral insufficiency
findings, history of previous myocardial infarction were not in-
cluded in the study.

Patients were divided into two groups as patients who under-
went isolated coronary artery bypass grafting (CABG) (Group 1)
and those who underwent mitral valve intervention mitral valve
replacement (MVR) or mitral ring annuloplasty (MRA)) in addi-
tion to CABG (Group 2). Echocardiographically, patients' ejection
fraction (EF%), vena contracta (VC), Proximal Isovelocity Surface
Area (PISA), Effective regurgitation orifice (ERO), tenting area,
sphericity index, coaptation depth, and regurgitant fraction were
measured. Accordingly, patients were evaluated as having mild,
moderate or severe mitral insufficiency. Patients with moderate
and above insufficiency were included in the study. Ring annu-
loplasty was performed in patients with isolated annulus dilata-
tion. Rigid annuloplasty ring was preferred in these patients. Mitral

valve replacement was preferred in patients at risk of recurrence.
Subannular/subvalvular repair methods were not used to any
patient. All cases were patients who underwent emergency or
urgent surgery due to coronary artery lesions. The study was
approved by the local ethics committee (26/02/2021-2021/04).

Patients were accepted as acute myocardial infarction according
to fourth universal definition of myocardial infarction.l”! Patients
with fasting blood glucose >126 mg/dL or HbAIC 26.5% were
considered diabetes mellitus (DM). Patients with systolic blood
pressure =140 mmHg and/or diastolic blood pressure 290 mmHg
in the preoperative period were accepted as hypertension (HT)
patients. Patients with Glomerular Filtration Rate (GFR) below
60 ml/min/1.73 m? were considered as chronic renal failure. Pa-
tients who had routine dialysis with an arteriovenous fistula or
catheter in the preoperative period were accepted as dialysis
patients. Patients with a smoking history of more than 10-pack-
years were accepted as smokers. Echocardiographic examina-
tions were used based on the patient files or the preoperative
and postoperative echocardiographic examinations in the hospi-
tal system. Postoperative echocardiography was performed on
the patients in the third postoperative month.

In the perioperative period, cardiopulmonary bypass time and
aortic cross clamp times were examined. In the postoperative
period, the duration of intensive care hospitalization, wound in-
fection, and cerebrovascular accidents (CVA) were determined
by notes of the patients.

Early mortality was determined as the mortality within the first
30 days of operation. In the postoperative period, if serum cre-
atinine levels increased |.5 times compared to the basal value
or GFR decreased by 225%, the patient was accepted as acute
kidney injury (AKI).

Statistical Analysis

Statistical results were obtained using IBM Statistical Package
for the Social Sciences v27.0 (SPSS Inc., Chicago, IL, USA).
Mean, standard deviation, median, lowest/highest, frequen-
cy and ratio values were used in the descriptive statistics of
the data. The distribution of variables is measured with the
Kolmogorov-Smirnov test. Independent sample t-test and
Mann-Whitney U test were used in the analysis of quantitative
independent data. Chi-square test was used in the analysis of
qualitative independent data and Fischer's exact test was used
when the necessary conditions for the chi-square test were
not met. Univariate analysis was performed to determine sta-
tistically significant results related to early mortality risk fac-
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tors. Binary logistic regression and multivariate analyzes were
performed for significant results in univariate analyzes.

Results

The demographical data of the patients that were included in the
study is as follows (Table I), 73.4% (n=91) were male and 33%
were female (n=33). The average age of the patients was 63.2+8.9.

The tenting area in Group 2 was significantly higher than in
Group |. The sphericity index did not differ significantly be-
tween the two groups. Coaptation depth did not differ signifi-
cantly between the two groups. Regurgitant fraction in Group 2
was significantly higher than Group |. Other echocardiographic
data did not differ significantly (Table 2).

The operation time, cardiopulmonary bypass duration and
cross clamp time were significantly higher in Group 2. Also, the
length of hospital and intensive care unit (ICU) stay in Group 2
were significantly higher than Group |. In comparison of post-
operative complications and mortality, no significant difference
was found between two groups (Table 3).

Patients were compared in terms of significant postoperative
residual mitral regurgitation. 62.2% of the patients undergone
isolated CABG had mild mitral regurgitation. None of them had
any significant residual regurgitation. Patients with CABG+MVR
had no residual regurgitation. 5 patients with mitral valve annu-
loplasty had significant residual regurgitation (p<0.001).

Comparison of the Mitral Valve Intervention Group

The group with mitral valve intervention was examined in two
subgroups (mitral valve replacement and mitral ring annuloplas-
ty). The demographical data and laboratory tests between two
subgroups didn’t differ significantly. Tenting area was significantly
higher in MVR group than MRA group. The VC value in the MVR
group was significantly higher than in the MRA group (Table 4).

Regression Analysis

Regression analysis was performed to determine the early mor-
tality factors. First, univariant analyzes were performed. For
the preoperative data, it was found statistically significant that
increased age and being a female increased the risk of postop-
erative early mortality. Regression analysis of the intraoperative
data showed cross clamping time was a statistically significant
factor affecting mortality. On the other hand, whether the mi-
tral valve was intervened or not was not significant.

Binary logistic regression analysis was performed for variables
that were found to be significant in univariate analyzes. In these
analyzes, female gender, duration of mechanical ventilator, need
for IABP and need for postoperative dialysis were found to be
significant (Table 5).

Discussion

Mitral valve diseases can also be successfully treated with the
pioneering initiatives of the French surgeon Alain Carpentier.
Among these, the place of ischemic mitral insufficiency remains
a controversial area of cardiac surgery.
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Table |I. Demographical data of the patients

n MeantSD %
Age 63.21+8.9
Gender
Male 91 73.4
Female 33 26.6
Height (cm) 167.518.2
Weight (kg) 78.5%12.3
BSA 1.91£0.2
DM
) 38 30.6
(+) 86 69.4
HT
) 38 30.6
(+) 86 69.4
HL
) 60 48.4
(+) 64 51.6
Smoking
) 49 39.5
(+) 75 60.5

SD: Standard deviation; BSA: Body surface area; DM: Diabetes mellitus; HT: Hypertension;
HL: Hyperlipidemia.

Table 2. Preoperative echocardiographic evaluation for
ischemic mitral regurgitation of the patients

Isolated Mitral P

CABG intervention

group group

MeantSD MeantSD

Tenting area (0.6-0.8 cm?) 1.75%£0.26 2.4410.61 0.000
Sphericity index 0.60%0.11 0.64£0.08 0.079
Coaptation depth 9.34%1.81 9.39+2.87 0.942
Regurgitating fraction (<20%) 37.7£10.5 51.5£12.4 0.001

CABG: Coronary artery bypass grafting; SD: Standard deviation.

Recent studies have shown that IMR develops during the first
AMLE8 All these studies include primary percutaneous coro-
nary interventions or long-term echocardiographic follow-up.
These studies show that these patients should be diagnosed
and treated in the acute phase. To best of our knowledge, our
study is the first surgical study on this matter.

Ischemic mitral valve insufficiency is a disease with high mortal-
ity rates. Despite effective treatment, long-term mortality rates
can vary between 19.8-54%.I'"!"l According to some studies,
the presence of IMR can increase mortality up to 3 times.['Z
The development of moderate to higher ischemic mitral insuf-
ficiency causes an increase both in mortality and morbidity.!"]
Early surgical mortality rates are also high. In a series, the op-
erative mortality after surgery for patients with moderate isch-
emic mitral insufficiency was found to be 14%,[' while in an-
other study, the rate was 8% in patients with mitral valve repair
and 16% in patients who underwent replacement.['”] Like other
studies, our results revealed that early mortality was 16.1% of
all patients. In the analysis of the groups, this rate was found to
be 17.2% in the group with mitral valve intervention, and 13.5%
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Table 3. Perioperative and postoperative data comparisons between two groups

Isolated CABG group Mitral intervention group P
MeaniSD n % Median MeanxSD n % Median
Operation time (min) 202.7£40.8 270.7£45.7 261.0 0.000
CPB (min) 87.8138.3 152.3+45.4 149.0 0.000
Cross clamp time (min) 44.3£17.3 92.8+28.5 88.0 0.001
CABG graft number (n) 2.87£0.92 2.59+0.95 3.00 0.096
Length of hospital stay (days) 6.0 9.0 0.004
ICU stay (days) 2.0 3.0 0.022
Mechanical ventilation time (h) 12.0 18.0 0.138
IABP (n)
) 35 94.6 82 94.3 0.940
(+) 2 5.4 5 5.7
Postoperative pneumonia (n)
() 30 8l.1 68 782 0.715
(+) 7 18.9 19 21.8
Surgical site infection (n)
) 33 89.2 82 94.3 0.320
(+) 4 10.8 5 5.7
Mortality (n)
() 32 86.5 72 82.8 0.606
(+) 5 13.5 I5 17.2

CABG: Coronary artery bypass grafting; SD: Standard deviation; CPB: Cardiopulmonary bypass; ICU: Intensive care unit; IABP: Intra-aortic baloon pump.

in patients who underwent isolated CABG. Again, in subgroup
analyzes, among patients who had mitral valve intervention, this
rate was 20.3% in patients who underwent MVR, while it was
10.7% in patients who underwent MRA. In our study the result
was not found to be statistically significant.

AKI that develops in the postoperative period is a complica-
tion that significantly increases both operative mortality and
morbidity. In a study conducted by Yamauchi et al., the rate of
AKI after valvular surgery was found to be 6.1%, while Chang
et al.l'*!"] showed that this rate can increase up to 38.7%. These
studies showed that mortality increased significantly in patients
with AKI. In our study there was no statistically significant dif-
ference in terms of postoperative AKI development, however
increasing the numbers can lead to significant results.

Another important finding in our study is that being a female
increases mortality. Being a female increases mortality, and it is
seen that female gender increases the risk ratio in EuroSCORE
IL.I'® Another study by McNeely et al.l'”! showed that women
had a 2.5-fold higher mortality risk in isolated mitral surgery
compared to men. It was determined in our study that female
gender is an independent risk factor for mortality.

Clear mortality factors have not been revealed by the studies
conducted. Early mortality markers according to Dufendach et
al.l"¥! performing mitral valve replacement is DM and preopera-
tive use of IABP. In the long term, different factors such as age,
low EF, and chronic obstructive pulmonary disease have been
found. In our study, multivariant analyzes showed dialysis need,
female gender, IABP and prolonged mechanical ventilator need
as independent factors in determining mortality.

Keeping the threshold values too low for selecting the type of
intervention to be performed will cause unnecessary surgical
procedure. On the contrary, keeping the threshold values too

Table 4. Preoperative echocardiographic comparison of the
mitral intervention subgroups

MVR MRA p
MeantSD MeantSD
Tenting area 2.64%0.68 2.16%0.35 0.026
Sphericity index 0.66£0.09 0.61£0.07 0.092
Coaptation depth 9.69+2.85 8.76+2.91 0.280
Regurgitating fraction 51.7£12.7 509+11.7 0.684
VvC 0.52£0.13 0.45+0.11 0.034
PISA 0.88+0.21 0.81£0.19 0.224
ERO 0.31%0.10 0.27£0.08 0.089
RV 4541152 40.8+10.9 0.207
Pulmonary HTN (mmHg) 42.1£12.5 37.5+8.9 0.106

MVR: Mitral valve replacement; MRA: Mitral ring annuloplasty; SD: Standard deviation;
VC: Vena contracta; PISA: Proximal isovelocity surface area; ERO: Effective regurgitating
orifice; RV: Regurgitating volume; HTN: Hypertension.

high may cause the process to be insufficient. There are differ-
ences between guidelines.®>®! |n terms of echocardiographic ex-
aminations, a study on early stage IMR findings after AMI was
highlighted by Kimura.l! Accordingly, in the results of our study, it
was seen that the postoperative regurgitation was the highest in
the MRA group. Preservation of mitral annular dynamism in the
early period causes the MRA group to have the highest residual
regurgitation rate by disrupting the annular morphology starting
from the early period. On the other hand, no moderate or higher
insufficiency was observed in the postoperative period in any of
the patients who underwent isolated CABG. Therefore, MRA for
mitral insufficiency in patients operated in the early period after
AMI should not considered an appropriate treatment method.

Sandoval et al.?' showed us that there is no difference in long-
term mortality in patients with moderate IMR compared to
patients who underwent isolated CABG with CABG and ring
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Table 5. Univariant and multivariant analyses for mortality predictors

Univariate analysis

Multivariate analysis

OR 95% CI P OR 95% ClI P
Age 1.071 1.008-1.137 0.025
Female gender 2.72 1.011-7.352 0.047
DM 2.874 0.44-3.98 0.109 13.50 1.58—111.111 0.017
Smoking 0.497 0.185-1.332 0.165
Hypertension 0.574 0.177-1.863 0.355
BSA 0.123 0.006-2.379 0.166
CRF 2.75 0.959-7.937 0.06
Mitral valve intervention 1.33 0.44-3.98 0.606
Operation time 1.017 1.006—1.027 0.001
CPB time 1.017 1.007-1.028 <0.001
Cross clamp time 1.02 1.007-1.038 0.004 2.51 0.985-1.038 [.011
MV time 1.03 [.016-1.041 <0.001 1.02 1.003-1.037 0.018
Postoperative dialysis 42.86 10.927-168.091 <0.001 37.04 4.608-333.333 <0.001
IABP need 47.54 5.298-426.552 <0.001 71.43 3.24-1000 0.007
Surgical revision 3.53 1.133-11.054 0.03 6.25 0.608-20.408 0.160
Postoperative CVA 0.86 0.098-7.554 0.892

OR: Odds ratio; Cl: Confidence interval; DM: Diabetes mellitus; BSA: Body surface area; CRF: Chronic renal failure; CPB:
Cardiopulmonary bypass; MV: Mechanical ventilator; CVA: Cerebrovascular accident, IABP: Intra-aortic baloon pump.

annuloplasty. Isolated CABG has lower operative mortality
risks. Hospital and intensive care stay periods have also been
found to be shorter. In parallel with these studies, the operation
time, cardiopulmonary bypass times and cross clamping times
were significantly shorter in patients who underwent isolated
CABG. Hospital stay and ICU stay are also significantly short-
er in CABG patients. On the other hand, in the comparison
of the patients who underwent MVR and MRA, no significant
difference was found between the operation time, cardiopul-
monary bypass time and cross clamp times. Again, there was no
difference between hospitalizations and ICU admissions. Also,
another study showed that the dynamism of the mitral annulus
structure is preserved.’! On the contrary there are also studies
showing that MRA can be used safely in patients with chronic
moderate IMR, and the left ventricular remodeling is better in
the postoperative period.?? Due to the results obtained from
the comparison of MVR and MRA groups, the studies conduct-
ed, and the demonstration that mitral annulus dynamics are pre-
served, we think that MRA is not a good treatment option in
this patient group. Recent study of Haberman et al.®! showed
that mitral regurgitation following acute myocardial infarction
has high mortality rates and early intervention to this patient
group has promising results. They claimed that mitral interven-
tion had better results compared to conservative treatment op-
tions. Altas et al.'s’®* study also reveals that rigid rings have a low
effect on IMR. Our study is also compatible with the literature.

For valve repair to be an option in IMY, some values must be
taken into consideration. Tenting height should not be more
than | Imm, tenting area should not be greater than 2.5cm? In-
terpapillary muscle distance should also be less than 20 mm.[!
Otherwise, although the repair may be successful in the short
term, it will be ineffective in the long term. When the results
between subgroups are compared, the MRA group has a lower
tenting area in accordance with the literature.
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There are some limitations to this study. The main limitation
is the retrospective nature of our study. The fact that there
are more than one surgical team in our hospital and that there
is no clear preference regarding the types of operation in the
guidelines does not allow an operation in accordance with a
fixed protocol. We tried to recruit patients who had a myo-
cardial infarction for the first time in this study. We made
the patient selection based on the history and applications of
the patients, so this is an important limitation of the study. It
is a single center study. Mitral valve insufficiency developing
after AMl is not included in the guidelines since it is a recent
phenomenon. Therefore, a prospective study and patient se-
lection is not yet possible. Conducting multi-center prospec-
tive studies in which the number of patients is increased may
provide more significant results.

Conclusion

Our study is one of the few studies conducted on interventions
for ischemic mitral valve insufficiency after AMI and their results.
Although the mechanisms and details of chronic IMR are known,
the uncertainty of treatment methods keeps this subject open
as a research area. Recent studies reveal that the pathophysiol-
ogy of IMR begins to develop in the first hours after AMI and
early intervention may be beneficial in terms of reversibility. Mi-
tral valve intervention should not be considered in non-severe
ischemic mitral valve insufficiencies (without papillary rupture or
chorda rupture) after AML. In conclusion, we believe that isolat-
ed coronary artery bypass grafting surgery is a more appropriate
option for patients with moderate insufficiencies. Valve replace-
ment should be considered as the first choice in the early period
if it is considered to intervene with the mitral valve. The higher
incidence of insufficiency after the use of isolated mitral annular
ring due to left ventricular remodeling makes mitral annular ring
less of a treatment option in the acute process.
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