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versus 9% in group II patients  (p = 0.0002), approximating 
an odds ratio of 6.4697 (95% confidence interval: 2.211–
18.931).  Conclusion:  First of all, this retrospective study indi-
cates that MR may be detected in patients after MI during a 
long-term follow-up most probably due to geometric distor-
tions of LV remodelling resulting in a significantly higher 
mortality. Since this process is known to become irreversible 
at a certain point, serial echocardiography may help to de-
tect MR in post-MI patients and thus pave the way for appro-
priate treatment. 

 

Copyright © 2007 S. Karger AG, Basel

 

 Introduction 

 Despite advances in the treatment of acute myocar-
dial infarction (MI), secondary mitral regurgitation (MR) 
persists as a possible acute complication  [1–7] . Studies 
have demonstrated different aspects of its pathophysiol-
ogy such as regional wall motion abnormalities inducing 
ventricular and papillary muscle dysfunction  [6] , (par-
tial) rupture of papillary muscles  [6, 7] , restricted leaflet 
closure as well as leaflet tethering  [8]  and dilatation of the 
mitral annulus parallel to left-ventricular (LV) dilatation 
 [4] . Furthermore, the independent prognostic impact of 
these events has been sufficiently confirmed  [2–5] . How-
ever, the consequences of a more chronic development of 
clinically significant MR are still rather unknown, al-
though, principally, LV remodelling may result in insuf-
ficient mitral valve coaptation.
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 Abstract 
  Background/Aims:  Mitral regurgitation (MR) following myo-
cardial infarction (MI) may be a (sub)acute complication 
which independently predicts reduced survival. We sought 
to evaluate the chronic development of MR as potential con-
sequence of left-ventricular (LV) remodelling, the latter be-
ing a long-term process.  Methods and Results:  Retrospec-
tively, 103 post-MI patients were included according to a 
standardised Doppler echocardiogram  ! 3 months follow-
ing MI (20  8  25 days post-MI) and a follow-up examination 
 1 6 months after the first examination (5.1  8  3.1 years post-
MI). Patients were clinically followed up for 7.6  8  2.7 years. 
Group I patients were defined as those showing new devel-
opment or deterioration in one of three grades of MR, and 
group II those without this criterion (MR grade acute 0.17 vs. 
0.27, p = 0.7, and chronic 1.53 vs. 0.19, p  !  0.0001). Patient 
characteristics were similar in respect of age, gender, size 
and location of infarction. However, group I patients had cor-
onary artery disease with more vessels involved. With regard 
to echocardiographic parameters of significantly enlarged 
LV chamber size in group I vs. group II, the significant de-
crease in LV performance was more pronounced and oc-
curred concomitant with a higher degree of symptomatic 
congestive heart failure and greater need for heart failure 
medications in group I. Mortality in group I patients was 39 
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  Our aim was to evaluate the chronic development or 
deterioration in MR in post-MI patients by serial clinical 
and Doppler echocardiographic follow-up. The study de-
sign was retrospective, and recruitment resulted from a 
typical MI population of the University Clinic of Mainz, 
Germany. In a further MI population treated at the same 
time and location, development of MR was ruled out. 
Long-term clinical, echocardiographic, and prognostic 
parameters were compared between both groups to clar-
ify the relative significance and prognosis of chronic MR 
in post-MI LV remodelling.

  Patients and Methods 

 Patients 
 The study included clinical data of 400 consecutive patients 

with an acute MI, defined as an increase in cardiac enzyme levels 
(creatine kinase, CK,  1 2 !  the upper limit of normal), presence of 
ST-segment elevation in the initial ECG and subsequent develop-
ment of new Q waves as well as acute symptoms of ischaemic chest 
pain. The patients had been admitted to hospital between October 
13, 1983, and January 30, 1995, and treated acutely and chroni-
cally at the investigating clinic, including at least one quantitative 
transthoracic Doppler echocardiogram. 

  Patients were retrospectively screened for the following inclu-
sion criteria: (1) Standardised quantitative transthoracic Doppler 
echocardiography was within the time window between acute MI 
and 3 months post-MI (20  8  25 days post-MI); (2) The time frame 
between this first and a second, standardised echocardiography 
during follow-up had to be at least 6 months (5.1  8  3.1 years post-
MI). Besides the clinical follow-up by the treating practitioners, 
patients were routinely advised to present for re-examination at 
the university outpatient clinics for research purposes (indepen-
dent of this retrospective study).

  Intrinsic alterations in the mitral valve (such as rheumatic or 
inflammatory disease) had to be excluded by echocardiography 
as well as (sub)acute severe MR, a typical complication of MI (e.g. 
papillary muscle rupture) and coinciding valvular disease (e.g. 
aortic stenosis  6 grade I and aortic regurgitation  1 grade I) or 
congenital heart disease. Patients with preceding MI prior to the 
index MI or cardiac surgery were excluded. Further exclusion cri-
teria were bundle branch block, atrial fibrillation or flutter. None 
of the patients obtained resynchronization therapy.

  In the consecutive series of the 400 MI patients, 103 patients 
met the eligibility criteria. The main restriction of this study was 
the lack of chronic follow-up and the time schedule of echocar-
diographic examinations. Two thirds of the patients were acutely 
admitted to the emergency department, and one third was re-
ferred from secondary and tertiary hospitals mainly for the pur-
pose of invasive assessment.

  Patients were classified into two groups according to the fol-
lowing MR criteria:

  Group I consisted of patients in whom MR had newly devel-
oped between both echocardiographic examinations or if MR had 
deteriorated by at least one grade of four (none, mild, moderate 
and severe). Group II patients neither had MR nor changes in 

their MR grade during the echocardiographic follow-up, or even 
demonstrated an improvement in MR.

  The investigation conforms to the principles outlined in the 
Declaration of Helsinki.

  Echocardiography 
 Echocardiography was performed with the different sector 

scanners GE Vingmed CFM800, Toshiba SSH 160A as well as Alo-
ka SSZ 203 with transducers providing scanning frequencies of 
2.5 and 3.5 MHz. Recordings and measurements adhered strictly 
to German guidelines  [9] , which are still compulsory in a current 
version  [10] , as well as the guidelines of the American Society of 
Echocardiography  [11] . Gain settings and grey scale were opti-
mised in every single patient avoiding ‘blooming’ on the one hand 
and ‘dropouts’ on the other. Bedside measurements were imme-
diately visualised from digitised images and cine loops stored by 
the investigating echo machine which provided built-in quantita-
tive programs. Normal values were established in the echocardio-
graphic laboratory of the investigating university hospital. 

  Echocardiographic assessment included M-mode scanning, 
in which the following parameters were measured in the paraster-
nal long axis view: (1) LV end-diastolic diameter index (LVDDI, 
in cm/m 2 ; normal value: 2.0–3.2 cm/m 2 ); (2) LV end-systolic di-
ameter index (LVDSI; in cm/m 2 ); (3) LV fractional shortening 
(LVFS, in %, derived from: LVFS = (LVDDI – LVDSI)/LVDDI  !  
100; normal value: 25–35%); (4) end-diastolic interventricular 
septum (IVSd, in cm) and inferior myocardial wall thickness 
(IWd, in cm), measured at end-diastole (normal values: IVS as 
well as IW = 0.5–1.3 cm); (5) LV muscle mass (LVmass, in g/cm 2 ) 
derived from: LVmass = 1.5 [(LVDD + IW + IVS) 3  – LVDD 3 ; nor-
mal value:  ̂  132 g/m 2 ]; (6) left-atrial diameter (LAD) at end-sys-
tole (in cm; normal value: 2.5–4.5 cm); (7) right-ventricular end-
diastolic diameter index (RVDDI; in cm/m 2 ; normal value = 0.5–
1.7 cm/m 2 ), and (8) right pulmonary artery diameter index (RPAI; 
in cm/m 2 ; normal value  !  1.1 cm/m 2 ).

  In two-dimensional echocardiography, the following measure-
ments were taken in apical scanning projections (2- and 4-cham-
ber view): (1) end-diastolic volume index (EDVI, in ml/m 2 ; normal 
value = 43–83 ml/m 2 ); volume algorithm was the disc summation 
method also known as modified Simpson’s rule, which is least de-
pendent on geometric distortions  [11] ; (2) end-systolic volume in-
dex (ESVI, in ml/m 2 ; normal value = 21–33 ml/m 2 ), and (3) ejec-
tion fraction (EF, in %, normal value = 48–71%) calculated accord-
ing to the formula: EF = EDVI – ESVI/EDVI  !  100.

  All patients demonstrated regional wall motion abnormalities 
indicating transmural MI; however, in this study, the extent of MI 
was not documented quantitatively.

  Colour Doppler echocardiography indicated the presence/ab-
sence and semi-quantitative degree of MR. Grade 0 was defined as 
no MR, grade I as traces of MR, grade II as a regurgitation jet not 
reaching the atrial ceiling (moderate MR) and grade III as a regur-
gitation jet not only reaching the atrial ceiling but almost filling 
the whole atrial cavity, and, often, regurgitation into the pulmo-
nary veins was observed (severe MR). The Doppler spectrum was 
adjusted according to the Nyquist limit just avoiding aliasing.

  Coronary Angiography 
 Coronary angiography was performed in an averaged time 

window of 6 days after MI. The degree of coronary stenosis was 
judged by experienced cardiologists. The criterion for significant 
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stenosis was a luminal narrowing of  6 50% in at least one projec-
tion. Percutaneous coronary intervention (PCI) procedures were 
documented.

  Clinical Data and Follow-Up 
 Characteristics of the patients retrieved from the medical re-

cords were personal data, medical history and clinical parame-
ters.Personal data included age (years) and sex (male/female). 
Medical history comprised date of MI, location of infarction [an-
terior/inferior MI), maximal concentration of CK, acute MI treat-
ment (thrombolysis and/or PCI), and, for deceased patients, cause 
of death (reinfarction, cardiogenic shock, or arrhythmogenic, or 
non-cardiologic disease), and time interval between MI and 
death. Clinical parameters were the absence/presence of angina 
pectoris according to the Canadian Cardiovascular Society (grade 
I–IV) and congestive heart failure symptoms according to the 
New York Heart Association (grade I–IV). These classifications 
were documented in the subacute state (at the time of the first 
echocardiogram  ! 3 months post-MI, 20  8  25 days post-MI) and 
in the chronic state, i.e. at the time of the follow-up echocardio-
gram ( 1 6 months after the initial echocardiogram, 5.1  8  3.14 
years post-MI) and later by phone call (7.6  8  2.7 years post-MI). 
Cardiovascular medications were also assessed at these three time 
points ( � -blockers, nitrates, glycosides, ACE inhibitors and di-
uretics). In case of deaths, date and cause of death were also as-
sessed.

  Statistical Analysis 
 For statistical analyses, SPSS 12.01 and PRISM 4.02 (SPSS ©  

and GraphPad Software © ) were used. Quantitative measurements 

are expressed as means and standard deviations for patients of 
groups I and II, respectively. Nominal parameters (sex, location 
of infarction, reinfarctions, thrombolysis, medication, coronary 
anatomy, PCI and cause of death) are given as numbers and fre-
quencies in percent. Comparisons of quantitative and ordinal 
measures of the two independent populations were assessed by 
Student’s t test and Mann-Whitney U test for independent values. 
A p value  ! 0.05 was defined as significant. For qualitative param-
eters, two-sided p values were calculated from tables with two 
rows and two columns using Fisher’s exact test. For other contin-
gency tables, the  �  2  test was used. A special  �  2  test for trend was 
applied to analyse 0-/3-vessel disease.

  Survival rates were expressed in per cent for the different 
groups according to the Kaplan-Meier-curves (time span 60 
months). A log-rang test compared the survival curves of groups; 
a p value  ! 0.05 was again considered to be significant.

  Results 

 Study Population 
 According to group definitions, MR severities dif-

fered. MR grade did not significantly differ in the acute 
stage ( ! 3 months; 20  8  25 days post-MI; 0.17 vs. 0.27; 
p = 0.7), only at the follow-up (at least 6 months after the 
initial echocardiogram; 5.1  8  3.1 years post-MI; 1.53 vs. 
0.19; p  !  0.0001;  table 1 ). The patient characteristics of 

Characteristics Group I
(n = 36)

Group II
(n = 67)

p
value

Age, years 65.7810.7 62.789.6 0.2
Gender, male 29 (80%) 58 (87%) 0.6
Arterial hypertension 20 (55%) 38 (56%) 0.8
Acute MR 0.17 0.27 0.7
Chronic MR, 4 years 1.53 0.19 <0.0001
Location of infarction 0.8

AMI 17 (47%) 34 (51%)
IMI 19 (53%) 33 (49%)

Reinfarction 5 (14%) 6 (9%) 0.5
Size of infarction: CK, IU/l 906.48665.5 857.68681.9 0.7
Coronary anatomy 0.01
Acute catheterisation performed 22 (61%) 51 (76%)

Any relevant CAD 0 (0%) 2 (4%)
1-vessel-disease 7 (32%) 26 (51%)
2-vessel-disease 5 (23%) 14 (27%)
3-vessel-disease 10 (45%) 9 (18%)

Thrombolysis 14 (39%) 23 (34%) 0.7
PCI 5 (23%) 20 (39%) 0.3

The numbers of the patients (%) are shown, except for age and size of the infarction 
(means 8 SD). AMI/IMI = Anterior/inferior MI; CAD = coronary artery disease. 

Table 1. Patient characteristics and MI 
history 
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both groups did not differ at baseline ( table 1 ). The ma-
jority of the patients did not develop MR during follow-
up. It is also pointed out that the sites of infarction are 
equally distributed in both groups, i.e. one half of the pa-
tients suffered from anterior and the other half from in-
ferior MI, which holds true for both groups (nonsignifi-
cant). Furthermore, infarction extents defined by maxi-
mal CK concentrations were comparable in both groups 
(nonsignificant). However, with respect to invasive data 
(coronary anatomy), it became evident that patients in 
group II demonstrated less severe coronary artery disease 
(p = 0.0138); however, acute MI treatments (thrombolysis 
and PCI) did not differ ( table 1 ).

  Clinical Follow-Up 
 The incidence of symptomatic coronary artery disease 

(angina pectoris) significantly increased in patients in 
group I during follow-up (5.1  8  3.1 years post-MI; p = 
0.027), which was even more pronounced in the presence 
of symptoms of congestive heart failure (p = 0.001). How-
ever, the phone calls (7.6  8  2.7 years post-MI) revealed 
that these differences no longer existed, most likely due 
to the exclusion of severely ill and even deceased patients 
during the follow-up ( tables 2 ,  3 ). Differences in symp-
tomatic features were in parallel with cardiovascular 
medications indicated for congestive heart failure ( ta-
ble 2 ). The phone calls succeeded in gaining information 
from only 72/103 patients because 20 patients had died 
and 11 could not be contacted, including 2 who refused 
to give any information.

  Echocardiographic Follow-Up 
 Echocardiographic data obtained in the serial follow-

up are presented in  table 4 . No differences in any echo-
cardiographic parameter could be found in the acute 
stage. Changes were observed only in long-term follow-
up data. The LV cavity size increased only in group I pa-
tients (LVDDI and LVDSI increased, EDVI and ESVI in-
creased) concomitant with an increase in LVmass in 
group I and a decrease in group II patients. LV perfor-
mance deteriorated in group I (LVFS decreased and EF 
decreased), whereas LV function was almost unchanged 
in group II. LA size increased more in group I than in 
group II. Surrogate parameters for pulmonary hyperten-
sion increased in group I patients but decreased in group 
II patients (RVDDI and RPAI decreased).

  Survival 
 Survival curves are shown in  figure 1 . Interestingly, 

survival did not differ within the first 27 months. Espe-

Table 2. Symptoms/clinical status and medication during the fol-
low-up 

Status and medication Group I
(n = 67)

Group II
(n = 36)

p

AP CCS I–IV
Acute stage 2.380.8 2.080.8 0.1
After 5.1 years 2.180.8 1.780.9 0.027
After 7.6 years 1.680.7 1.480.6 0.3

Heart failure: NYHA I–IV
Acute stage 2.080.8 2.080.8 0.9
After 5.1 years 2.581.0 1.780.8 0.001
After 7.6 years 1.780.7 1.680.7 0.5

Medication
Acute stage

�-Blocker 8 (22%) 21 (31%) 0.3
Nitrates 25 (69%) 35 (53%) 0.2
Glycosides 13 (36%) 14 (21%) 0.2
ACE inhibitors 10 (28%) 14 (21%) 0.5
Diuretics 13 (36%) 14 (21%) 0.2

After 5.1 years
�-Blocker 9 (26%) 17 (27%) 0.7
Nitrates 18 (53%) 27 (44%) 0.4
Glycosides 15 (44%) 6 (10%) <0.001
ACE inhibitors 22 (65%) 17 (27%) 0.001
Diuretics 18 (53%) 11 (17%) <0.001

After 7.6 years
�-Blocker 6 (35%) 14 (29%) 0.5
Nitrates 12 (71%) 28 (57%) 0.4
Glycosides 6 (35%) 7 (14%) 0.1
ACE inhibitors 11 (65%) 15 (31%) 0.021
Diuretics 7 (41%) 13 (27%) 0.1

Numbers of patients (%) are shown. Total number of patients 
(group I/II) at the acute stage (20 days after MI) n = 36/67; after 
5.1 years n = 34/62, and after 7.6 years n = 17/49. AP = Angina 
pectoris; CCS = Canadian Cardiovascular Society (class I–IV); 
NYHA = New York Heart Association (class I–IV).

Table 3. Mortality data and causes of death during the follow-up

Mortality and causes Group I
(n = 36)

Group II
(n = 67)

p
value

Deaths, n 14 (39%) 6 (9%) 0.0002
Cardiogenic shock 10 (71%) 2 (33%) 0.2
Ventricular fibrillation 2 (14%) 0 (0%) 0.9
Reinfarction 0 (0%) 0 (0%) –
Non-cardiological 1 (7%) 3 (50%) 0.06
Unknown 1 (7%) 1 (17%) 0.5

Numbers of patients (%) are shown.
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cially during the first 11 months, hardly any deaths oc-
curred. Thereafter, i.e. in the chronic stage, mortality in-
creased significantly, with a higher mortality in group I 
than in group II (p = 0.0002). Thus, 39% of group I patients 
deceased in comparison to only 9% in group II (odds ra-
tio = 6.4697, 95% confidence interval: 2.2110–18.931). The 
causes of death are listed in  table 3 , which underlines the 
fatal pathophysiological background of MR. Many more 
patients in group I died due to cardiogenic shock and ven-
tricular fibrillation, whereas more patients in group II de-
ceased from non-cardiological causes ( table 3 ; lack of sig-
nificance most probably due to small patient cohort).

  Discussion 

 For the first time, this retrospective study investigated 
the chronic development of MR in a long-term post-MI 
study. Obviously, in one third of the patients who had suf-
fered from an initially uncomplicated transmural MI, 
MR becomes chronic. This process is associated with rel-
evant haemodynamic changes of LV performance, signs 
of pulmonary hypertension, and, what is more impor-
tant, a more unfavourable prognostic outcome (odds ra-
tio = 6.4697). The hypothesis of this study was supported 
by increasing knowledge on the post-MI process: acute 
transmural MI may tend to result in LV remodelling with 
LV dilatation, which may principally be associated with 
the development of MR. As it is now well known that re-
modelling is a progressive, long-term disorder which may 
develop slowly over years (not only months)  [12] , we were 
convinced of the rationale to extent the follow-up beyond 
the (sub)acute hospital stay of MI patients (first echocar-
diogram 20  8  25 days post-MI showing almost no MR 
and second echocardiogram 5.1  8  3.1 years post-MI giv-
ing evidence of significant MR). The SAVE study  [4]  had 
still concluded that a prognostic effect of ischaemic MR 
can only be evaluated with the diagnosis of MR within 
and not beyond 16 days post-MI.

  So far, clinical studies focussed primarily on acute and 
subacute MR rather than examining the chronic serial 
follow-up, with the largest data bases being from SAVE 
 [4] , Duke  [13]  and the Mayo Clinic  [2] . MR in the acute 
phase is frequent  [1, 2] . Acute post-MI MR appears to re-
sult in an adverse prognosis  [1, 2, 4, 5, 13] . However, in 
these earlier studies, only MR in (sub)acute MI were con-
sidered, and decreased survival of patients with isch-
aemic MR may have been due to the inclusion of patients 
with acute MI  [1, 5] . To the best of our knowledge, there 
is only one echocardiographic study with a postponed 
MR diagnosis post-MI, which had been performed by the 
Mayo Clinic  [3] : 303 patients were examined  1 16 days 
after Q-wave MI (on average 86  8  90 months). In agree-
ment with our data, mortality was increased albeit with 
less chronically developed MR. Their relative risk of 1.88 
was smaller within a comparable follow-up time period 
of 5 years in multivariate analysis (independent interpre-
tation of baseline characteristics, particularly age and 
EF). However, in contrast to our study, they could not 
prove the chronic development of MR, since no serial 
echocardiograms had been performed, i.e. the number of 
(sub)acute types of ischaemic MR without severe dynam-
ic changes was not known. A recent study even demon-
strated significant MR following MI as an independent 

Table 4. Echocardiographic data (means 8 SD) 20 days (acute) 
and 5.1 years after MI (FU)

Group I
(n = 36)

Group II
(n = 67)

p
value

LVDDI, cm/m2

Acute 3.080.7 2.880.5 0.6
FU 3.280.7 2.980.5 <0.01

LVDSI, cm/m2

Acute 2.380.7 2.080.6 0.7
FU 2.680.7 2.080.5 <0.0001

LV FS, %
Acute 28810 30810 0.6
FU 23811 3089 <0.01

LVmass, g/m2

Acute 143821 133832 0.6
FU 154858 117832 <0.0001

Left atrium, cm
Acute 4.581.4 4.381.0 0.9
FU 4.681.0 3.880.8 <0.05

RVDDI, cm/m2

Acute 1.480.5 1.480.4 0.9
FU 1.580.3 1.380.3 <0.001

RPAI, cm/m2

Acute 1.180.3 1.180.3 1.0
FU 1.480.6 1.180.2 <0.05

EDVI, ml/m2

Acute 7183 66824 0.4
FU 92834 68821 <0.0001

ESVI, ml/m2

Acute 39814 33816 0.7
FU 58830 35816 <0.0001

LVEF, %
Acute 46811 5289 0.7
FU 41814 5089 <0.001
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prognostic marker (relative risk: 3.8)  [14],  which could 
not be safely ruled out by the Mayo study.

  In chronically developed MR, global LV remodelling 
might be the dominant feature; another echocardio-
graphic study revealed a more functional insight by dem-
onstrating, beside LV dilatation, more spherical ventri-
cles and less endocardial curvature in post-MI MR pa-
tients, a typical pattern of remodelling  [4] . Kono et al.  [15] 
 reported a more spherical LV cavity as the only difference 
between patients with MR and those without. These 
spherical dilated ventricles do impede appropriate leaflet 
coaptation; as the annulus is dilated, interpapillary mus-
cle distance and leaflet tethering are increased, mitral 
leaflets are restricted to coapt at the annular plane, and 
closing forces are decreased  [8] . Such global backgrounds 
of the remodelling process also seem to be relevant in our 
series, as beside volume enlargement ( table 4 ), the sites of 
infarction were equally distributed in the MR groups ( ta-
ble 1 ). Circumscribed regional wall motion abnormali-
ties as an independent cause of MR prevail in inferior MI 
 [6] , which has been postulated to be due to the particular 
vulnerability of the posterior papillary muscle with re-
gard to its blood supply.

  Our data provide evidence for the development of rel-
ative pulmonary hypertension, since RVDDI and RPAI 
increased during the follow-up only in the MR group, 
while these parameters tended to decrease in the non-MR 

group (p  !  0.001 and p  !  0.05;  table 4 )  [16] . Most proba-
bly, this might be the pathophysiological consequence of 
deteriorating LV systolic function  [16]  and rising filling 
pressures, a major determinant of ischaemic MR  [16] , 
which may be potentiated by the association of restrictive 
LV filling (not evaluated in this study due to variable ef-
fects of MR on transmitral Doppler profiles)  [17]  and re-
sulting symptomatic congestive heart failure (New York 
Heart Association class: p = 0.001;  table 2 ) and heart fail-
ure medications (the number of patients treated was in-
creased in group I: glycosides, p  !  0.001; ACE inhibitors, 
p = 0.001, and diuretics, p  !  0.001;  table 2 ), being compa-
rable to other studies  [3] . With regard to systolic LV dys-
function following non-compensated remodelling in the 
MR group in comparison to the non-MR group (EF, p  !  
0.001, and LVFS, p  !  0.01;  table 4 ), it might be even un-
derestimated due to an increase in potential relative arti-
ficial contractility due to volume overload. It may be sup-
posed that ischaemic MR and the consecutive volume 
overload stimulate LV remodelling  [18] , which per se 
leads to long-term mortality  [19] . However, further stud-
ies are required to draw definite conclusions on the ef-
fects of pathophysiological causes and consequences of 
MR in LV remodelling, but there might have been a hae-
modynamic effect of direct MR because the extent of in-
farction was similar (CK, nonsignificant) although LV 
volumes were significantly increased in MR patients (in 

   Fig. 1.   Cumulative Kaplan-Meier survival 
curves (%) comparing group I (continuous 
line) versus group II (interrupted line) as 
staircase lines with ticks at censored ob-
servations. Significance is according to the 
log-rank test. 



 Chronic Post-Infarction Mitral 
Regurgitation 

Cardiology 2007;107:239–247 245

agreement with the SAVE study  [4] ). Another reason 
could have been the generally greater severity of coro-
nary artery disease in MR patients (multiple vessel dis-
ease;  table 1 ; in accord with the SAVE study  [4] ) which 
was recently reported to affect the remodelling process 
besides the status of the infarction-related coronary ar-
tery  [20] .

  Clinical Implications 
 Since chronically developing post-MI MR is associat-

ed with increased mortality as it has been shown in a 
more acute scenery  [2, 4, 13] , aggressive therapy is man-
datory. The general principle of decreasing regurgitant 
volumes by vasodilators (most prominent by ACE inhib-
itors) is an important part of their clinical effect  [4, 21, 
22] . In this context, the detection of LV remodelling (most 
adequately by serial Doppler echocardiography) is of piv-
otal importance because at a certain point of the remod-
elling process, LV dilatation may become irreversible and 
therefore no longer responsive to medical intervention 
 [23] . Resynchronisation therapy by implantation of bi-
ventricular pacing systems could be a further possibility 
in reducing the degree of MR as a more homogeneous 
systolic performance might cause a decrease in chamber 
size and improve coordinated timing of the papillary 
muscle insertion sites  [24] . Further prospective studies 
are required for this issue. Revascularisation by coronary 
artery bypass graft surgery seems to have a certain MR-
reducing effect, but additional mitral surgery remains to 
be defined  [25] . Mitral valve repair/annuloplasty might 
be another surgical option in severe MR, but no mortal-
ity benefit has been demonstrated to date  [26] . Very re-
cently, the Boston group suggested chordal cutting to re-
lieve chronic ischaemic MR which is still experimental 
 [27] . In general, as there is at least evidence that ischaemic 
MR is more the consequence than the cause of LV remod-
elling  [28] , limiting infarction size will be the more im-
portant therapeutic target.

  As a future perspective of the diagnostic procedure, it 
might be effective in certain patients to expand and scru-
tinize the transthoracic echocardiographic approach. 
Piérard and Lancellotti  [29]  demonstrated in ischaemic 
MR patients that pulmonary oedema was associated with 
increases in regurgitant volumes, exercise-induced 
changes in the effective regurgitant orifice area and in the 
trans-tricuspid pressure gradient. 

  Limitations of the Study 
 The diagnostic method of transthoracic echocar-

diography is highly accurate for anatomy, but colour 

Doppler is fraught with errors in ischaemic MR  [30] . As 
we were looking for a method facilitating convenient 
risk stratification in clinical practice, a simple semi-
quantitative grading by jet area sizes was applied, al-
though more sophisticated algorithms are available 
(such as measuring the vena contracta, calculations of 
regurgitant fraction and volume or regurgitant orifice 
area by the proximal isovelocity surface area method  [3, 
30] , or by calculating differences in mitral and aortic 
stroke volumes measured by pulsed-wave Doppler ve-
locity-time integrals  [3, 21] ). We are aware that jet areas 
tend to overestimate the degree of MR  [31] , and it is also 
known that mild post-MI MR has already prognostic 
implications  [4] . On the other hand, serial catheteri-
sations to document regurgitant contrast into the left 
atrium are invasive and surely not justified, but auscul-
tation of the ischaemic MR murmur is of limited value 
 [32]  due to decreased turbulence.

  We did not separate subgroups defined by different 
MR gradings, known to imply prognostic implications in 
LV dysfunction  [33, 34] , due to imprecision in the semi-
quantitative method as well as the low number of pa-
tients. Only in part of the patients was tricuspid valve 
regurgitation investigated to obtain an estimation of pul-
monary artery pressure, which would have been interest-
ing for interpreting pulmonary hypertension  [33] . Due to 
the lack of data we excluded this parameter.

  We included consecutive patients in this particular 
study to avoid selection bias, but we did not adjust or 
match patients with and without MR regarding patient 
characteristics such as age and sex, for example, or LV 
performance (e.g. LVFS or EF). However, in spite of the 
study design, all patient characteristics and echocardio-
graphic parameters (including LV size and function, 
nonsignificant) and even infarction location and size 
(CK, nonsignificant) were comparable in both groups. 
Merely the coronary anatomy differed (p = 0.0138; 
  table 1 ). Also, for the whole study group, this retrospec-
tive study cannot be free of some recruiting bias. This 
seems especially true for the echocardiographic follow-
up study, which might have been predominantly taken 
by patients being more ill. This might be one of the rea-
sons for the relatively high occurrence of chronic MR in 
this study, compared to the (sub)acute MR data in the 
literature  [4, 33] ), although a further, main reason may 
be the lack of interventional MI treatment in the recruit-
ing period which does not correspond with present 
 therapies.
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  Conclusions 

 This retrospective study underscores the importance 
of standardised transthoracic Doppler echocardiography 
to define the development of MR following MI. Due to its 
prognostic implications as well as its treatability by long-

term pharmacological (mainly by reducing afterload) 
strategies, probably also by resynchronisation therapy 
 [34] , serial echocardiography is recommended in post-
MI patients. However, prospective multicentre trials are 
advisable to confirm these preliminary results on chron-
ically developed MR in post-MI patients.
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