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ABSTRACT

INTRODUCTION ~ Severe functional ischemic mitral regurgitation (FIMR) considerably worsens the pro-
gnosis of patients after myocardial infarction. The complex pathomechanism of FIMR and its dynamic
nature make it difficult to develop effective therapeutic methods.

0BJECTIVES The aim of the study was to prospectively assess a diagnostic strategy based on stress
echocardiography in referring patients with severe FIMR for appropriate surgical procedure: coronary
artery bypass grafting alone (CABGa) or CABG with mitral annuloplasty (CABGma) or replacement
(CABGmr).

PATIENTS AND METHODS A prospective analysis included 42 patients (23 women, 19 men) aged 67 +12
years with severe FIMR after myocardial infarction, scheduled for CABG. In each patient, mitral valve
morphology, left ventricular function, FIMR degree as assessed by the effective regurgitation orifice area
(severe =20 mm?), myocardial viability, and mitral deformation indexes were assessed prior to surgery.
Based on clinical assessment and rest and stress echocardiography parameters, patients were referred
for CABGa (group 1; n = 6), CABGma (group 2; n = 27), or CABGmr (group 3; n = 9).

RESULTS In all study groups, no differences in clinical and echocardiographic results were observed
during a 12-month follow-up. A significant improvement was reported in the majority of patients regard-
less of the surgical procedure. Early (30-day) mortality in the whole study population was 11.9% (n =
5). Survival at 12 months was 100%, 81.5%, and 77.8% for groups 1, 2, and 3, respectively (P = 0.3).
In all study groups, a statistically significant FIMR reduction was observed in a 12-month follow-up:
small, moderate, and severe FIMR was observed in 29 (83%), 5 (14%), and 1 (3%) surviving patient,
respectively. Reverse left ventricular remodeling was observed in 83% of the patients in group 1, 63.7%
in group 2, and 100% in group 3 (statistically nonsignificant difference).

concLusions The presented diagnostic strategy, based on stress echocardiography, may facilitate
the process of choosing a suitable cardiac surgical procedure for patients with severe FIMR.

INTRODUCTION Severe functional ischemic
mitral regurgitation (FIMR) considerably wors-
ens the prognosis of patients after myocardi-
al infarction, both in short- and long-term fol-
low-up.'? The complex pathomechanism of FIMR

makes it difficult to develop effective therapeu-
tic methods.

Currently, the majority of authors recommend
mitral valve surgery combined with coronary ar-
tery bypass grafting (CABG) for patients with
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severe FIMR. Restrictive annuloplasty combined
with CABG is the most common surgical pro-
cedure in this patient group. However, the so-
bering results of the current strategies create
the need for better preoperative assessment of
mitral valve and left ventricular (LV) geometry
and function.*5

There are no straightforward clinical and
echocardiographic criteria that would help effec-
tively decide which procedure to choose — mitral
valve surgery or CABG alone. A strict correlation
between stress-induced changes of FIMR degrees,
myocardial viability, mitral deformation indexes
(MDI), and clinical symptoms and prognosis in pa-
tients should be taken into account when evalu-
ating the eligibility of patients with severe FIMR
for a particular surgical treatment.®® Such evalu-
ation could help improve risk stratification and
identification of patients who would likely bene-
fit from different surgical strategies. In our opin-
ion, the greater severity of stress-induced FIMR
and MDI correlates with greater necessity to per-
form mitral valve intervention, and the progres-
sion from revascularization alone to revasculariza-
tion with restrictive annuloplasty to revasculariza-
tion with mitral valve replacement is predicated on
the severity of stress-induced MDI and FIMR.

Based on exercise echocardiography (ExE)
and dobutamine stress echocardiography (DBX),
a diagnostic algorithm for precise determina-
tion of the range of surgical interventions has
been developed.

The aim of the study was to prospectively as-
sess the proposed diagnostic strategy based on
stress echocardiography to determine the eligi-
bility of patients with severe FIMR for an appro-
priate surgical procedure.

PATIENTS AND METHODS Study population

The study involved 42 patients with a history
of myocardial infarction and eligible for CABG

(23 women, 19 men; age 18-75 years). All pa-
tients had severe FIMR caused by restrictive sys-
tolic leaflet motion (Carpentier’s type IIIb) with

or without annular dilatation (Carpentier’s type I)

or both.

The study inclusion criterion was the presence

of a significant area of viable myocardium ob-
served during DBX (improvement in wall motion

TABLE 1 Eligibility criteria for an appropriate surgical treatment
CABGma CABGmr
group 1 group 2 group 3
ERO ExE <20 mm? >20 mm? >20 mm?
CH DBX <6 mm 6 mm <CH =10 mm >10 mm
TA DBX <1.2cm? 1.2 cm? <TA =2.5 cm? >2.5cm?
ERO DBX <10 mm? 4 -

a insignificant in qualification strategy

Abbreviations: CABGa — coronary artery bypass grafting alone, CABGma — CABG mitral
annuloplasty, CABGmr — CABG mitral replacement, CH — coaptation height, DBX —
dobutamine echocardiography, ERO — effective regurgitant orifice area, EXE — exercise
echocardiography, TA — tenting area
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of at least 4 dysfunctional segments). The exclu-
sion criteria were as follows: recent myocardial in-
farction (<30 days), left bundle branch block, un-
stable angina, prosthetic heart valve, other valvu-
lar or congenital heart diseases, history of CABG,
symptoms of severe heart failure (HF) (New York
Heart Association [NYHA] class IV), atrial fibril-
lation or sinus rhythm with the heart rate at rest
exceeding 100 beats/min, and the presence of re-
strictive filling pattern.

Preoperative and postoperative clinical sta-
tus was determined according to the criteria of
the NYHA and the Canadian Cardiovascular So-
ciety (CCS) functional class for HF and angina,
respectively.

Forty-two consecutive patients were prospec-
tively enrolled into the study. The time frame for
the enrollment was 24 months. Patients were di-
vided into groups according to the type of a sched-
uled procedure: group 1 - CABG alone (CABGa,
n = 6); group 2 — CABG combined with mitral
annuloplasty (CABGma, n = 27); and group 3 —
CABG combined with mitral valve replacement
(CABGmr, n = 9). The eligibility of patients for
a particular therapeutic method was determined
according to the echocardiographic criteria pre-
sented in TABLE 1. Patients had to meet all criteria
to be classified to a given group. Echocardiograph-
ic and clinical assessment was performed at dis-
charge, at 1 month, and at 12 months. All patients
provided written informed consent. The study
was approved by the institutional review board of
the Medical University of Warsaw, Poland.

Surgery CABG was performed in all patients us-
ing cardiopulmonary bypass in moderate hypo-
thermia with crystalloid and blood cardioplegia.
The main aim of the surgery was to perform com-
plete coronary revascularization and, in the ma-
jority of patients, mitral valvuloplasty.

Ring size was determined after measurement
of the height of the anterior leaflet and inter-
trigonal distance, and then downsizing by 2 siz-
es (undersizing annuloplasty).®'?

The intraoperative criteria of successful surgery
were as follows: leaflet coaptation height <0.6 cm,
tenting area <1.2 cm®, and FIMR <1 grade. Recur-
rent FIMR was defined as at least moderate insuf-
ficiency at follow-up visits in patients with no or
small FIMR at discharge.

The echocardiographic criteria of the proce-
dure efficacy during 12-month follow-up included
the presence of left ventricular reverse remodel-
ing (LVRR), no FIMR recurrence at follow-up, and
no significant increase of FIMR during EXE (effec-
tive regurgitation orifice [AERO] >13 mm?).

Echocardiographic measurements and calculations
Transthoracic (TTE) and transesophageal (TEE)
echocardiograms were performed within 2 to 3
days before surgery, and serial TTE examina-
tions were performed at discharge and at fol-
low-up visits.
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Two-dimensional echocardiography All echocar-
diographic measurements were performed using
the iE 33 system version 4.2-5.0 (Philips, Unit-
ed States), a broadband transducer for TTE of
2.5-3.5 MHz frequency and multiplane probe
Omniplane IT and III for TEE. The measurements
were averaged over 3 cardiac cycles.

Severity of mitral regurgitation was quantified
using the proximal isovelocity surface area meth-
od. Severe FIMR was defined as calculated ERO
>20 mm? at rest.'"'? Wall motion abnormalities
were evaluated in accordance with the recommen-
dations of the American Society of Cardiology.
The wall motion score index (WMSI) was calcu-
lated according to a 17-segment model."® The LV
volumes and ejection fraction (EF) were assessed
by the biapical Simpson disk method. The mitral
valve deformation was evaluated by measuring
the tenting area (i.e., the area between mitral leaf-
lets and the line of annular plane) and the coapta-
tion height (i.e., the distance between leaflet coap-
tation and mitral annular plane from the paraster-
nal long-axis view at mid-systole)." According to
Stellbrink et al.,’® a decrease in LV end-systolic

TABLE 2 Baseline clinical characteristics of patients
CABGa

CABGma

volume by less than 15% from the baseline val-
ue was considered as LVRR (at 12 months of fol-
low-up compared with the baseline values).

Stress echocardiography Low-dose DBX was used
to differentiate akinetic viable segments from
nonviable myocardial regions.'® If a significant
area of viable LV myocardium was present, the pa-
tient was included in the further analysis. Addi-
tionally, during DBX the dynamics of MDI (in-
crease or decrease) and FIMR changes were an-
alyzed. DBX was performed in accordance with
the current guidelines."” The next step of the pa-
tient evaluation included ExE to assess the dy-
namics of FIMR changes and tricuspid regurgi-
tation pressure gradient (TRPG) as the exponent
of the right ventricular overload.

A symptom-limited grade ExE was performed
according to the following protocol: the ini-
tial workload of 25 Watt (W) was maintained
for 3 minutes, and then the workload was in-
creased every 2 minutes by 25 W. Two-dimen-
sional and Doppler echocardiographic recordings
were available throughout the test. The exercise

CABGmr P for trend

group 1 (n = 6) group 2 (n = 27) group 3 (n = 9)
age, y 68 67 61 0.17
women/men, % 50/50 62/58 33/67 0.4
EuroSCORE 10.3 4.5 13.8 £8.3 11.4 £10.3 0.83
NYHA 1.83 £0.75 2.52 =0.64 2.33 =0.87 0.12
ccs 2.67 =0.52 2.18 =0.88 2.33 +=0.87 0.2
hypertension, n (%) 5(83) 17 (62) 6 (67) 0.59
diabetes, n (%) 1(16.7) 14 (52) 2(22) 0.93
chronic renal disease, n (%) 2(33.3) 8(29.6) 2(22.2) 0.62
atrial fibrillation, n (%) 1(16.7) 10 (37) 0(0) 0.3
three-vessel disease, n (%) 6 (100) 16 (59.3) 5 (55.5) 0.1
history of M, n (%)
anterior / lateral 4 (66.7) 11 (41) 1(11.2) 0.038
inferior / posterior 2(33.3) 9(33) 5(55.5) 0.47
STEMI 3(50) 14 (50) 5(63) 0.61
NSTEMI 2(33) 14 (50) 2(25) 0.64
MI treatment, %
PCI 2(33) 8 (29) 4 (50) 0.45
thrombolysis 0(0) 3(11) 1(13) 0.46
pharmacological treatment, %
{3-adrenergic blockers 100 89.29 100 0.88
ACEls 100 75 100 0.81
calcium antagonists 50 3.57 12.5 0.063
loop diuretics 33.33 60.71 62.5 0.31
aldosterone antagonists 16.67 25 25 0.74
statins 100 89.29 87.5 0.46
ASA 83.33 82.14 87.5 0.81

Data are presented as mean =+ standard deviation or number (percentage).

Abbreviations: ACEI — angiotensin-converting enzyme inhibitor, ASA — acetylsalicylic acid, CCS — Canadian Cardiovascular Society, Ml — myocardial
infarction, NSTEMI — non-ST-elevation MI, NYHA — New York Heart Association, PCl — percutaneous coronary intervention, STEMI — ST-elevation MI,

others — see TABLE 1
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TABLE 3 Baseline echocardiographic characteristics of patients

CABGa CABGma

group 2 (n = 27)

group 1 (n = 6)

CABGmr
group 3 (n =9)

rest echocardiography

LVDS, mm 415 £124 46 £8.3 42.1 =6.4 0.35

EDV, ml 1425 =75.3 160.7 =46.3 141.8 =51 0.55

ESV, ml 96.3 =69 106.6 =37.8 89.2 £52.9 0.61

EF rest, % 38.2 +13.2 36.0 8.9 40.0 9.1 0.65

WMSI rest 1.78 =0.53 1.8 +0.3 1.72 £0.35 0.64

TRPG rest, mmHg 345 £85 345 +104 28 £8.2 0.16

ERO rest, cm? 0.23 =0.03 0.3 =0.08 0.27 =0.03 0.15

CH rest, cm 0.82 £0.2 1.01 =0.3 1.23 0.4 <0.001 for trend
group 1vs. 2; 2vs. 3;
Tvs.3
<0.05

TA rest, cm? 2.06 =0.36 2.9 +0.6 3.06 0.9 0.002 for trend
group 1vs. 2; 1vs. 3
<0.05

SMA rest, cm? 10.3 =1.42 11.2 =1.54 12 1.7 0.13

exercise echocardiography

Watt 63.3 £19.4 58.9 +21.6 61.3 £18.5 0.9

EF EXE, % 41.2 +13.9 35.1 £9.0 39.4 £3.9 0.25

TRPG ExE, mmHg 38.2 £6.8 49.3 =124 42.6 £17.7 0.066

ERO ExE, cm? 0.17 =0.01 0.37 £0.12 0.34 =0.11 0.002 for trend
group 1vs. 2; 1vs. 3
<0.05

dobutamine echocardiography

EF DBX, % 48.7 £15.7 41.9 =10.8 48.13 £8.3 0.26

WMSI DBX 1.49 =0.44 1.62 =0.32 1.47 =0.19 0.39

ERO DBX, cm? 0.07 =0.01 0.24 +0.06 0.22 +0.08 <0.001 for trend
group 1vs. 2; 1vs.3
<0.05

CH DBX, cm 0.47 £0.12 0.86 +0.08 1.1 £0.07 <0.0001 for trend
group 1vs. 2;2vs. 3
Tvs.3
<0.001

TA DBX, cm? 2.52 =0.39 2.7 =0.59 <0.001 for trend

1.02 +0.16 group 1vs. 2; 1vs. 3

<0.05
2 vs. 3: NS (>0.05)

SMA DBX, cm? 9.2 £1.22 10.2 =1.59 10.9 =1.89 0.16

Abbreviations: CH — coaptation height, DBX — dobutamine echocardiography, EDV — end-diastolic volume, EF — ejection fraction, ERO — effective
regurgitant orifice area, exe — exercise echocardiography, ESV — end-systolic volume, LVDS - left ventricular end-systolic dimension, SMA — systolic
area of the mitral annulus, TA — tenting area, TRPG — tricuspid regurgitation pressure gradient, WMSI — wall motion score index, others — see TABLE 1
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was interrupted when ischemic electrocardio-
graphic signs, fatigue, or intolerable dyspnea
occurred."”

The follow-up ExE was repeated 12 months af-
ter surgery.

Clinical endpoints  The proposed diagnostic algo-
rithm was evaluated by comparing the results ob-
tained during 12-month follow-up in 3 groups of
patients. The results included the functional sta-
tus (NYHA, CCS); dynamics of changes in selected
LV function parameters at rest TTE (end-systolic

volume [ESV], EF, WMSI); dynamics of changes
in selected echocardiographic variables during
ExE (LV function, FIMR severity, systolic pres-
sure in the pulmonary artery); analysis of the re-
currence of at least moderate FIMR; presence of
LVRR; early (30-day) and midterm (12-month)
mortality, and hospitalization due to exacerba-
tion of HF symptoms.

Statistical analysis
dard descriptive statistical methods for the en-

Data are presented using stan-
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TABLE 4  Perioperative and early postoperative data

Perioperative period CABGa

CABGma

CABGmr

group 1 (n = 6)

group 2 (n = 27)

group 3 (n = 9)

CCL, min 72 £5.2 95 £9.1 109 3.7 <0.0001 for trend
group 1vs. 2;
1vs.3:2vs. 3;
<0.001
CBP, min 104 +9.6 129 +9.1 142 £5.1 <0.0001 for trend
group 1vs. 2; 1vs.
3;2vs.3
<0.001
ICU stay, h 27 +45 46 +6.8 65 =11 <0.0001 for trend
group 1vs. 2; 1vs.
3;2vs. 3
<0.01
use of LIMA/RIMA, mean 1+0.6 09 +04 0.6 0.5 0.25
use of saphenous grafts, 1.2 +1.0 1.2+1.0 0.9 0.6 0.7
mean
AF, n (%) 2(33) 13 (46) 0(0) 0.13
cerebrovascular events 0(0) 1(4) 1(13) 0.9
(TIA/stroke)
IABP, n (%) 1(17) 16 (57) 3(38) 0.57
inotropes, n (%) 3(50) 24 (86) 6 (75) 0.35

Abbreviations: AF — atrial fibrillation, CBP — cardiopulmonary bypass, CCL — cross-clamp time, IABP — intra-aortic
balloon pump, ICU — intensive care unit, LIMA — left internal mammary artery, RIMA — right internal mammary artery,

TIA — transient ischemic attack, others — see TABLE 1

tire study population and for all the subgroups ac-
cording to the applied therapeutic procedure.

For quantitative variables with close to nor-
mal distribution sample size, minimal and max-
imal values, arithmetical mean, and standard
deviation (SD) are given. Continuous variables
with distribution close to normal are present-
ed as mean and SD while categorical variables as
n/N (%). For qualitative variables, absolute and
relative numbers are given for particular classes.
The significance of the observed differences be-
tween the groups was examined using the t test,
Wilcoxon test, Cochran—-Mantel-Haenszel test,
and y? test. All analyses were performed using SAS
9.1 (SAS Institute, Cary, North Carolina, United
States) and MedCalc 10.4 (Mariakerke, Belgium).
Significance for hypothesis testing was set at the
2-tailed level of 0.05.

RESULTS Baseline characteristics The preoper-
ative clinical and echocardiographic variables in
3 groups are shown in TABLES 2 and 3. The mean
logistic EuroSCORE was 12.9 +8.1 for all groups
(P = 0.83). There were no significant differences
in demographic and clinical characteristics be-
tween the groups. During rest echocardiogra-
phy, no significant differences in basic parame-
ters were observed. Compared with the CABGa
group, significantly higher values of MDI were
observed in the CABGma and CABGmr groups.
During ExE, no significant differences in workload
and exercise EF changes were reported in the sub-
groups of patients. The CABGa group showed
a significant decrease in stress-induced FIMR (P =
0.019) and an insignificant increase in TRPG (P =

ORIGINAL ARTICLE Utility of stress echocardiography in selecting the optimal mitral...

0.49). In the remaining groups, there was a sig-
nificant increase in FIMR and TRPG during exer-
cise (TABLE 3). During DBX, the normalization of
MDI and a significant decrease in FIMR were ob-
served in the CABGa group (P <0.001); in the oth-
er groups, moderate/severe FIMR was maintained
(P = nonsignificant for both groups). During DBX,
in the CABGma and CABGmr groups no signif-
icant improvement in MDI was observed com-
pared with the values at rest.

Operative results  All patients underwent com-
plete surgical revascularization. A biological valve

was implanted in 2 patients, a mechanical valve

in 7. Medtronic Hall 29 mm was implanted into

mitral orifice with subvalvular apparatus preser-
vation. Undersizing annuloplasty of the mitral an-
nulus was performed in 27 patients. The following
ring types were used: Carpentier-Edwards Phys-
io in 19 patients and Duran Medtronic in 8 pa-
tients. Relevant surgical and early postoperative

clinical data are presented in TABLE 4.

Clinical endpoints and outcome Early (<30-day)
mortality was 11.9% (n = 5). Four patients (14.8%)
died in the CABGma group (low cardiac output in
2 patients and multiorgan failure in 2 patients).
One patient (11.1%) died in the CABGmr group
(multiple organ failure). Two patients died dur-
ing follow-up. All patients in the CABGa group
survived the perioperative period and 12-month
follow-up. Survival rate at 12 months was 100%,
81.5%, and 77.8% in the CABGa, CABGma, and
CABGmr groups, respectively (P = 0.3).
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TABLE5 Changes in the New York Heart Association and Canadian Cardiovascular Society classes at baseline and at
12 months after surgery in patient subgroups

NYHA P CCS P
baseline 12 months baseline 12 months
CABGa (n = 6) 1.83 £0.75 1.33 £0.51 0.22 2.67 =0.52 1.33 +0.52 0.062
CABGma (n = 22) 2.52 =0.64 1.59 +0.67 0.0001 2.18 +0.88 1.14 +0.35 <0.0001
CABGmr(n=17)  2.33 +0.87 1.14 =0.38 0.125 2.33 +0.87 1 +0.1 0.062

Abbreviations: see TABLES 1 and 2

In the whole study group, there were 5 hospi-
talizations (11.9%) due to HF exacerbation dur-
ing follow-up (no hospitalizations in the CABGa
group; 3 hospitalizations [11.1%] in the CABGma
group, and 2 hospitalizations [22.2%] in the
CABGmr group).

Postoperative functional status At baseline,
the mean values of NYHA and CCS were not sig-
nificantly different between the study groups
(TABLE 2). At 12 months, an improvement in CCS
and NYHA was noticed in all study groups, but
a statistical significance was reported only in
the CABGma group (TABLE 5). At the final fol-
low-up visit, the majority of patients in all sub-
groups had NYHA class I and CCS class 1, and we
observed no differences between the subgroups
with respect to NYHA and CCS classes (P = 0.36
and P = 0.32, respectively).

Echocardiographic results  The analysis of selected
echocardiographic variables at 12 months showed
most beneficial changes in the CABGma group
(TABLE 6). The comparison of the mean values of

WMSI, EF, and ESV during subsequent follow-up
visits did not reveal significant differences be-
tween the analyzed study groups. TABLE 7 presents
a pooled analysis of the changes in FIMR value
during follow-up.

During preoperative assessment, the mean
workload value was of 60 +20.3 W. No signifi-
cant differences between the study groups were
observed (CABGa vs. CABGma vs. CABGmyr: 63.3
+19.4 vs. 58.9 +21.6 vs. 61.3 +18.5W; P = 0.9, re-
spectively). At 12 months, an increase in the work-
load value during EXE was observed in all groups,
but only in the CABGma group the difference was
statistically significant (P <0.001; TABLE 6). At 12
months, no significant increase in FIMR was ob-
served in any of the subgroups during ExE.

Reverse remodeling At 12 months, LVRR was
observed in 83% of the patients in the CABGa
group, 63.7% in the CABGma group, and 100%
in the CABGmr group. There were no differenc-
es between the patient groups (P >0.05). In 2
patients in the CABGma group, the ESV value
was significantly increased when compared with

TABLE 6 Changes in selected echocardiographic parameters at 12 months after surgery

CABGa (group 1) CABGma (group 2) CABGmr (group 3)
baseline 12 months P baseline 12 months P baseline 12 months P

Watt 63.3 £19.4 79.2+294 0.19 58.9 £21.6 81.7 £22.3  <0.001 61.3 £185 84.2+19.3 0.054
ERO rest, cm? 0.23 £0.03 0.12 =0.06 0.024 0.3 +0.08 0.06 +0.05 <0.001 0.27 =0.03 0.05 +0.03  <0.001
ERO ExE, cm? 0.17 £0.01  0.13 =0.06 0.12 0.37 =0.12 0.07 +0.06  0.003 0.34 =0.11 0.05 +0.02  <0.001
TRPG rest, mmHg  34.5 +8.5 21.7 =115 0.066 345 +10.4 29.6 9.2 0.033 28 +8.2 193 +£123 04
TRPG ExE, nmHg  38.2 =6.8 33857 022 493 +12.4 33.0+11.1  <0.001 426 =17.7 283 £5.7 0.098
EF rest,% 382132 453 =9 0.11 36.0 8.9 39.4 £10.7 0.12 40.0 £9.1 45.3 £17.9 0.062
EF ExE,% 412 £139 47399 0.06 35.1 £9.0 42 +11.3 0.0003 39439 465 =6.7 0.066
ESV, ml 96.3 =69 71.3 =434 0.183 106.6 =37.8  86.1 =37.7  0.0003 89.2 £52.9 67.5+385 0.027
WMSI 1.78 £0.53  1.36 =0.24 0.069 1.8 +0.3 1.58 +£0.28  0.042 172 £0.35 1.46 +0.25 <0.001

Abbreviations: see TABLES 1 and 3

TABLE 7 Degrees of functional ischemic mitral regurgitation — intraoperative, at discharge, at 6 months, and at 12 months after surgery

FIMR grade Intraoperative 2-17 days 6 months 12 months

mild  moderate  severe mild  moderate severe  mild  moderate severe  mild moderate  severe
CABGa, n 6 0 0 4 2 0 3 3 0 3 3 0
CABGma, n 23 0 0 22 1 0 20 2 1 19 2 1
CABGmr, n 8 0 0 82 0 0 78 0 0 72 0 0

a constructional regurgitation

Abbreviations: FIMR — functional ischemic mitral regurgitation, others — see TABLE 1
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%
100 7

80 7

60

40

20 7

CABGa

B nochange

FIGURE Reverse
remodeling in the sub-
groups of patients during
12-month follow-up
Abbreviations: see
TABLE 1

CABGma CABGmr

M improvement M worsening

the baseline value (in both patients recurrence of
moderate FIMR was observed; FIGURE).

DISCUSSION  Currently, restrictive mitral valve
annuloplasty is the most widely accepted sur-
gical technique in the management of patients
with severe FIMR. The results of this procedure
are disappointing due to high rates of persistent
and recurrent FIMR at follow-up, which are asso-
ciated with poor prognosis.'® The results of cur-
rent strategies create the need for a better under-
standing and preoperative assessment of the mi-
tral valve and LV geometry and function.

Selection of patients for CABGa was based on
strict echocardiographic criteria (TABLE 1), the cru-
cial component of which was to reveal the myo-
cardial viability of the LV segments whose dys-
function during rest examination generated se-
vere FIMR. A cumulative analysis of the EXE and
DBX results allowed us to make final therapeu-
tic decisions. Simultaneously, it was a prerequi-
site to obtain complete normalization of MDI
and a decrease in FIMR degree during DBX by
at least 2 classes. The above criteria allowed us
to schedule only 6 patients for this type of treat-
ment. Postoperative results confirmed that our
therapeutic decisions were appropriate. Only in
this group of patients, there were no deaths or
exacerbations of HF or angina symptoms during
12-month follow-up. Additionally, LVRR and only
moderate FIMR were observed in the majority of
patients in the CABGa group.

In our study, early mortality in the entire study
population was 11.9% (n = 5), which is in line
with the rates reported in the previous studies
in similar high-risk populations.'®?? The opera-
tive mortality was lower in patients who under-
went CABGa (0%) than in those who underwent
CABGma (14.8%; n = 4) or CABGmr (11.1%;n=1).
During follow-up, only 2 patients died but mor-
tality in the CABGa group was 0%.

The analysis of the functional status and ex-
ercise capacity in the follow-up ExE was an im-
portant component of the overall assess-
ment of the surgical procedure and its efficacy.
At 12 months, the functional status and phys-
ical capacity improved in all patients, and no

differences in the NYHA and CCS classes were
observed between the groups. Our results are
in agreement with those reported by Kim et
al.,”’ who observed a similar improvement in
the NYHA class at 2-year follow-up in the CABG
and repair groups.”’

During follow-up, we observed a statistically
significant reduction in FIMR in all study groups
(TABLE 6). Small, moderate, and severe FIMR was
observed in 29 (83%), 5 (14%), and 1 (3%) surviv-
ing patient, respectively (TABLE 7). Complete revas-
cularization performance resulted in a significant
improvement in LV geometry and function, par-
ticularly in the CABGma group. Kang et al.?? re-
ported that patients who demonstrated an im-
provement in LV function and a reduction in LV
size after CABG also had a reduction in FIMR de-
gree at 1 year.”? In our study, we observed a similar
reduction in FIMR in the CABGa group (TABLE 6).
The progress of LV remodeling and, secondarily,
the posterior mitral valve leaflet restriction are
the mechanisms responsible for the lack of im-
provement or increase in FIMR degree after sur-
gery.?® In our study, independently of the type of
surgery, we observed LVRR in most patients and
favorable echocardiography results were reflect-
ed in their clinical status.

To our knowledge, this is the first and the larg-
est analysis of the criteria for the selection of pa-
tients for surgical treatment based on all the es-
sential components of mitral complex function-
ing in echocardiography examination at rest and
during exercise. However, it was an observational,
nonblinded, single-center, prospective case series
study, and the application of our results is limit-
ed. The main limitation is a relatively low number
of patients. Thus, the statistical power of correla-
tions is low. It has to be stressed, however, that
severe FIMR in patients treated with CABG is ob-
served only in a small number of patients. Con-
sidering the innovative character of this study,
our group of patients is one of the most numer-
ous groups presented in the literature, and it is
the first study that used such a complex meth-
odology in the selection of patients for surgical
procedure.

Another limitation of the study is the lack of
randomization, which may result in potential se-
lection bias, possibly leading to incorrect conclu-
sions. It has to be stressed that we used deter-
ministic criteria in the selection of patients for
a suitable type of treatment. Lack of randomiza-
tion resulted in uneven classification of patients
to the CABGa, CABGma, or CABGmr groups.

Our results indicate that the use of an elabo-
rate diagnostic strategy based on stress echocar-
diography may improve decision-making process
in the selection of patients with severe FIMR for
a suitable surgical procedure, which helps achieve
satisfactory clinical results (in the early postopera-
tive period and at 12 months after surgery). Based
on such a selection, CABGa may reduce FIMR
and lead to functional and structural improve-
ment without an increase in the operative and
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long-term mortality rates in a selected group of
patients. Because this novel clinical decision-mak-
ing tool was applied only in 42 patients, the re-
sults should be considered as hypothetical. This
must be clearly stated, as should the need to study
alarger group of patients before the approach is
widely accepted and broadly implemented. Cer-
tainly, further validation and randomized stud-
ies on a larger patient group and with longer fol-
low-up are needed.

Acknowledgments The study was supported by
the grant of the Ministry of Science and Higher
Education (No. 2 P 05B 080 29).

REFERENCES

1 Lamas GA, Mitchell GF, Flaker GC, et al. Clinical significance of mitral
regurgitation after acute myocardial infarction. Survival and ventricular en-
largement investigators. Circulation. 1997; 96: 827-833.

2 Grigioni F, Enriquez-Sarano M, Zehr KJ, et al. Ischemic mitral regurgita-
tion: long-term outcome and prognostic implications with quantitative Dop-
pler assessment. Circulation. 2001; 103: 1759-1764.

3 Grigioni F, Detaint D, Avierinos JF, et al. Contribution of ischemic mi-
tral regurgitation to congestive heart failure after myocardial infarction.
J Am Coll Cardiol. 2005; 45: 260-267.

4 Mihaljevic T, Lam BK, Rajeswaran J, et al. Impact of mitral valve annulo-
plasty combined with revascularization in patients with functional ischemic
mitral regurgitation. J Am Coll Cardiol. 2007; 49: 2191-2201.

5 Diodato MD, Moon MR, Pasque MK, et al. Repair of ischemic mitral re-
gurgitation does not increase mortality or improve long-term survival in pa-
tients undergoing coronary artery revascularization: a propensity analysis.
Ann Thorac Surg. 2004; 78: 794-799.

6 Lancellotti P, Troisfontaines P, Toussaint AC, et al. Prognostic importance
of exercise-induced changes in mitral regurgitation in patients with chronic
ischemic left ventricular dysfunction. Circulation. 2003; 108: 1713-1717.

7 Lancellotti P, Gerard PL, Pierard LA. Long-term outcome of patients with
heart failure and dynamic functional mitral regurgitation. Eur Heart J. 2005;
26: 1528-1532.

8 Roshanali F, Mandegar MH, Yousefnia MA, et al. Low-dose dobutamine
stress echocardiography to predict reversibility of mitral regurgitation with
CABG. Echocardiography. 2006; 23: 31-37.

9 Braun J, Bax JJ, Versteegh M|, et al. Preoperative left ventricular dimen-
sions predict reverse remodeling following restrictive mitral annuloplasty in
ischemic mitral regurgitation. Eur J Cardiothorac Surg. 2005; 27: 847-853.

10  Spoor MT, Geltz A, Bolling SF. Flexible versus nonflexible mitral valve
rings for congestive heart failure: Differential durability of repair. Circulation.
2006; 114:167-171.

11 Vahanian A, Baumgartner H, Bax J, et al. Guidelines on the manage-
ment of valvular heart disease: The Task Force on the Management of Valvu-
lar Heart Disease of the European Society of Cardiology. Eur Heart J. 2007;
28: 230-268.

12 Lancellotti P Marwick T, Pierard LA. How to manage ischaemic mitral
regurgitation. Heart. 2008; 94: 1497-1502.

13 Cerqueira MD, Weissman NJ, Dilsizian V, et al. Standardized myocar-
dial segmentation and nomenclature for tomographic imaging of the heart:
a statement for healthcare professionals from the Cardiac Imaging Commit-
tee of the Council on Clinical Cardiology of the American Heart Association.
Circulation. 2002; 105: 539-542.

14 Yiu SF, Enriquez-Sarano M, Tribouilloy C, et al. Determinants of the de-
gree of functional mitral regurgitation in patients with systolic left ven-
tricular dysfunction: A quantitative clinical study. Circulation. 2000; 102:
1400-1406.

15  Stellbrink C, Breithardt OA, Franke A, et al. Impact of cardiac resyn-
chronization therapy using hemodynamically optimized pacing on left ven-
tricular remodeling in patients with congestive heart failure and ventricular
conduction disturbances. J Am Coll Cardiol. 2001; 38: 1957-1965.

16 Bax JJ, Poldermans D, Elhendy A, et al. Improvement of left ventricu-
lar ejection fraction, heart failure symptoms and prognosis after revascular-
ization in patients with chronic coronary artery disease and viable myocar-
dium detected by dobutamine stress echocardiography. J Am Coll Cardiol.
1999; 34: 163-169.

17 Pellikka PA, Nagueh SF, Elhendy AA, et al. American Society of
Echocardiography recommendations for performance, interpretation, and
application of stress echocardiography. J Am Soc Echocardiogr. 2007; 20:
1021-1041.

18 McGee EC, Gillinov AM, Blackstone EH, et al. Recurrent mitral re-
gurgitation after annuloplasty for functional ischemic mitral regurgitation.
J Thorac Cardiovasc Surg. 2004; 128: 916-924.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ  2012;

19 Calafiore AM, Di Mauro M, Gallina S, et al. Mitral valve surgery
for chronic ischemic mitral regurgitation. Ann Thorac Surg. 2004; 77:
1989-1997.

20 Adams DH, Filsoufi F, Aklog L. Surgical treatment of the ischemic mi-
tral valve. J Heart Valve Dis. 2002; 11: S21-S25.

21 Kim YH, Czer LS, Soukiasian HJ, et al. Ischemic mitral regurgitation:
revascularization alone versus revascularization and mitral valve repair.
Ann Thorac Surg. 2005; 79: 1895-1901.

22 Kang DH, Kim MJ, Kang SJ, et al. Mitral valve repair versus revascu-
larization alone in the treatment of ischemic mitral regurgitation. Circulation.
2006; 114: 1499-1503.

23 Hung J, Papakostas L, Tahta SA, et al. Mechanism of recurrent isch-
emic mitral regurgitation after annuloplasty: continued LV remodeling as
a moving target. Circulation. 2004; 110 (11 Suppl 1): 1185-1190.

122 (5)



ARTYKUL ORYGINALNY

Przydatnosé echokardiografii obcigzeniowej

w wyborze optymalnej interwencji

kardiochirurgicznej u pacjentéw

z niedokrwienna niedomykalnoscia

mitralng duzego stopnia zakwalifikowanych

do pomostowania aortalno-wiencowego

Janusz Kochanowski', Radostaw Pigtkowski', Marcin Grabowski',

Marek Roik', Piotr Scisto'!, Franciszek Majstrak?, Grzegorz Opolski'

1 I Klinika Kardiologii, Warszawski Uniwersytet Medyczny, Warszawa
2 Klinika Kardiochirurgii, Warszawski Uniwersytet Medyczny, Warszawa

StOWA KLUCZOWE

annuloplastyka
mitralna,
echokardiografia
obcigzeniowa,
niedokrwienna
niedomykalno$¢
mitralna duzego
stopnia

Adres do korespondencii:

dr med. Radostaw Pigtkowski,

| Klinika Kardiologii, Warszawski
Uniwersytet Medyczny,

ul. Banacha 1a, 02-097 Warszawa,

tel.: 22-599-29-58, fax: 22-599-12-34,

e-mail: radekp1@wp.pl

Praca wplyneta: 07.02.2012.
Przyjeta do druku: 04.04.2012.
Publikacja online: 11.04.2012.
Nie zgtoszono sprzeczno$ci
intereséw.

Pol Arch Med Wewn. 2012;

122 (5): 217-225

Copyright by Medycyna Praktyczna,
Krakéw 2012

STRESZCZENIE

WPROWADZENIE  Niedokrwienna niedomykalno$¢ zastawki mitralnej (NNM) duzego stopnia znaczaco
pogarsza rokowanie chorych po przebytym zawale mig$nia sercowego. Ztozony patomechanizm powsta-
wania NNM oraz jej dynamiczny charakter utrudniajg opracowanie skutecznych metod terapii.

ceLe  Celem badania byta prospektywna ocena strategii diagnostycznej uwzgledniajgcej echokardiografie
czynno$ciowa w kwalifikacji chorych z NNM duzego stopnia do odpowiedniego leczenia operacyjnego:
jedynie pomostowanie aortalno-wiencowe (coronary artery bypass grafting alone — CABGa) lub CABG
w potaczeniu z annuloplastykg mitralng (CABG mitral annuloplasty — CABGma) lub wymiang zastawki
(CABG mitral replacement — CABGmr).

PACJENCI I METODY Prospektywnej analizie poddano 42 pacjentéw (23 kobiety, 19 mezczyzn) w wieku
67 =12 lat z pozawatowg NNM duzego stopnia, zakwalifikowanych do CABG. U kazdego pacjenta przed
CABG wykonano szczegétowa analize morfologii aparatu mitralnego, czynnosci lewej komory, stopnia
NNM na podstawie oceny pola powierzchni uj$cia fali zwrotnej (duza >0,2 cm?), zywotno$ci migénia ser-
cowego oraz wskaznikéw deformacji zastawki mitralnej. Na podstawie oceny klinicznej oraz parametréw
echokardiografii spoczynkowej i czynno$ciowej, chorych zakwalifikowano do nastepujacych sposobéw
terapii: CABGa (grupa 1, n = 6), CABGmp (grupa 2, n = 27) i CABGmr (grupa 3, n = 9).

WYNIKI  We wszystkich grupach uzyskano poréwnywalne wyniki analizy klinicznej i echokardiogra-
ficznej w 12-miesiecznej obserwaciji. Istotng poprawe odnotowano u wigkszo$ci pacjentéw, niezaleznie
od rodzaju operacji. W catej analizowanej grupie wczesna (30-dniowa) $miertelno$¢ wyniosta 11,9%
(n = 5). Przezywalno$¢ 12-miesigczna w grupach 1, 2 oraz 3 wyniosta odpowiednio 100%, 81,5% i 77,8%
(p = 0,3). We wszystkich grupach odnotowano znamienna redukcje wielko$ci NNM po 12 miesigcach
od zabiegu: NNM matego, umiarkowanego i duzego stopnia wystapita odpowiednio u 29 (83%), 5 (14%)
i 1(3%) chorego. Odwrotny remodeling lewej komory stwierdzono w grupie 1 u 83% pacjentéw, w grupie
2 u 63,7%, a w grupie 3 u 100% (réznica nieistotna statystycznie).

WNIOSKI  Przedstawiona strategia diagnostyczna oparta na echokardiografii czynno$ciowej moze
pozwoli¢ na precyzyjna kwalifikacje chorych z NNM duzego stopnia do odpowiedniego rodzaju zabiegu
kardiochirurgicznego.
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