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ABSTRACT
Objectives: Objectives: Objectives: Objectives: Objectives: To determine the frequency and in-hospital outcome of patients presenting with Mitral
Regurgitation (MR) in Acute ST-Elevation Myocardial Infarction (STEMI).
Materials and methods:Materials and methods:Materials and methods:Materials and methods:Materials and methods:     This descriptive study was conducted at the Department of Cardiology,
Punjab Institute of Cardiology, Lahore from April to September 2010. After fulfilling the inclusion criteria
350 patients patienst presenting with STEMI were studied. Demographic data, name, age, gender, and
address were recorded on a predesigned proforma. Patients were assessed on transthoracic
echocardiography by a consultant for presence or absence of mitral regurgitation. Patients were kept in
the ward for at least three days. They were examined by the ward consultant for pulmonary edema or
death immediately after diagnosis of mitral regurgitation and then every eight hours for the following
three days.
ResultsResultsResultsResultsResults: : : : : There were 160(45.7%) males and 190(54.3%) females with a mean age of 55.4±8.9 years.
Among 350 patients 135(38.6%) had mitral regurgitation and 215(61.4%) had no MR during the hospital
stay. In the MR group MR observed was mild in majority 92(68.1%) of cases while it was moderate in
29(21.5%) and severe in 14(10.4%) patients. Overall in-hospital mortality was 44(12.6%), 20(14.8%)
in MR group and 24(11.2%) in No MR group. Heart failure/acute pulmonary edema occurred in 84(24%)
patients, 63(46.7%) in MR group and 21(9.8%) in No MR group. Among the study patients 222(63.4%)
had uneventful discharge more 170(79.1%) in No MR group as compared to 52(38.5%) in MR group.
Conclusion: Conclusion: Conclusion: Conclusion: Conclusion: There is high frequency of MR after MI in our population and mostly sufferers of this
complication are females and elderly patients. MR if present after MI is associated with poor outcome in
terms of death and acute heart failure.
KKKKKey Wey Wey Wey Wey Words: ords: ords: ords: ords: ST elevation myocardial infarction, mitral regurgitation.; in-hospital mortality

INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Myocardial infarction(MI) is the leading
cause of death in the United States and
in most industrialized nations through
out the world. Approximately 450,000

people in the United States die from coronary dis-
ease per year.1 The survival rate for U.S. patients
hospitalized with MI is approximately 95%. This
represents a significant improvement in survival and
is related to improvements in emergency medical
response and treatment strategies.

Complications of MI include arrhythmias, me-

chanical, inflammatory (early pericarditis and post-
MI syndrome) sequelae, as well as left ventricular
mural thrombus (LVMT). In addition to these broad
categories, right ventricular (RV) infarction and
cardiogenic shock are other possible complica-
tions of acute MI.

There are three major mechanical complica-
tions of acute MI, rupture of the left ventricular
free wall, rupture of the interventricular septum and
the development of mitral regurgitation. One study
compared 225 patients who had a first MI and
experienced one of these complications to 1012
patients with a first MI without these mechanical
complications.2 Delayed hospitalization (≥24
hours), undue physical activity, and post infarc-
tion angina increased the risk of rupture in predis-
posed patients.

The causes of mitral regurgitation (MR) after
acute MI include ischemic papillary muscle dis-
placement (previously known as papillary muscle
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dysfunction), left ventricular dilatation or true an-
eurysm, and papillary muscle or chordal rupture.3,4

Ischemic mitral regurgitation is mitral insufficiency
caused by myocardial infarction.5 It results from
local and global LV remodeling and that is an in-
dependent predictor of heart failure and death.
MR typically occurs 3-10 days after an AMI,
though this onset may vary according to the
mechanism of MR. Papillary muscle rupture re-
sulting in MR occurs within 1-14 days (median, 1
d).

Mild-to-moderate MR is often clinically silent
and detected on Doppler echocardiography per-
formed during the early phase of AMI. In this case,
MR rarely causes hemodynamic compromise. Se-
vere acute MR that results from the rupture of
papillary muscles or chordae tendineae results in
abrupt hemodynamic deterioration with cardio-
genic shock. Rapid diagnosis, hemodynamic sta-
bilization, and prompt surgical intervention are
needed because acute severe MR is associated with
a high mortality rate.

This study was designed to determine the fre-
quency and in-hospital outcome of patients pre-
senting with Mitral Regurgitation in Acute ST-El-
evation Myocardial Infarction.
MATERIAL AND METHODS

This descriptive study was conducted at the
Department of Cardiology, Punjab Institute of
Cardiology, Lahore from April to September 2010.

Sample size of 350 cases was calculated with
95% confidence level, 4% margin of error and
taking expected percentage of death i.e. 20% in
patients of acute ST-elevation myocardial infarc-
tion having MR. Non-probability, purposive sam-
pling technique was used.

Inclusion criteria were both genders, between
30-70 years of age.  History of acute chest pain
of more than 30 minutes with ST segment eleva-
tion on ECG in at least two consecutive leads and
raised cardiac enzymes/troponin T/I.

Exclusion criteria were patients with docu-
mented rheumatic heart disease (Mitral / Aortic
valve disease etc.) on history and
Echocardiography. Presence of congenital heart
disease (Tetralogy of Fallot, atrial septal defect,
ventricular septal defect etc.) documented by
echocardiography. Patients with previous history/
record of ischemic heart disease (CABG/PCI/pre-
vious infarction/ischemic cardiomyopathy).

Acute Myocardial Infarction was defined as
chest pain of more than 30 minutes, with ST seg-

ment elevation of ≥2mm in chest leads or ≥1mm
in limb leads on ECG in ≥2 consecutive leads and
raised cardiac enzymes/troponin T/I.

Mitral Regurgitation was the presence of re-
gurgitant blood flow, through mitral valve during
systole on echocardiography confirmed by colour
doppler. Graded as

Mild: Colour Doppler jet area less than 20%
of Left Atrial (LA) area

Moderate: Colour Doppler jet area 20-40%
of LA area

Severe: Colour Doppler jet area >40% of LA
area

In-hospital outcome was assessed by evaluat-
ing the following:

Pulmonary Edema: Diagnosed on chest aus-
cultation as fine inspiratory basal crackles

Death: No electrical activity on ECG (within
hospital stay)

Data collection procedureData collection procedureData collection procedureData collection procedureData collection procedure:
Patients from Cardiology department of PIC

Lahore were enrolled in study after fulfilling the
inclusion criteria. Procedure of research was ex-
plained to the patient and informed consent was
taken. Demographic data, name, age, gender, and
address was recorded on the attached proforma.
Patients were assessed on transthoracic
echocardiography by the consultant for presence
or absence of mitral regurgitation. Severity of MR
would act as effect modifier and addressed
through stratification. Patients were kept in the
ward for at least three days. They were examined
by the ward consultant for pulmonary edema (fine
inspiratory basal crackles on chest auscultation)
or Death (No electrical activity on ECG) immedi-
ately after diagnosis of mitral regurgitation and
then every eight hours for the following three days.
DATA ANALYSIS:

Data was analyzed using SPSS version 11.
Continuous variables like age were expressed as
mean±standard deviation. Categorical variables
like gender, presence or absence of MR, pulmo-
nary edema and death were expressed as frequen-
cies and percentages. Data was stratified for se-
verity of MR.
RESULTS

There were 160(45.7%) males and
190(54.3%) females with a mean age of
55.4±8.9 years. Among 350 patients
135(38.6%) had mitral regurgitation and
215(61.4%) had no MR during the hospital stay.
Out of 160 male patients 51(37.8%) were present
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in MR Group and 109(50.7%) in No MR Group.
More female patients 84(62.2%) were present in
MR Group as compared to 106(49.3%) in No
MR Group. Mean age of patients with MR was
57.4±9.2 years and mean age of patients with-
out MR was 54.3±8.6 years. In order to stratify
patients for age, the study population was divided
into three Groups, Group I, 30-50 years
68(19.4%) with 21(15.6%) in MR Group and 47
(21.8%) in No MR Group, Group II, 51-60 years
197(56.3%) with 43(31.8%) in MR Group and
154(71.7%) in No MR Group, Group III, 61-70
years 85(24.3%) with 71(52.6%) in MR Group
and 14(6.5%) in No MR Group. Table 1.

In the MR Group MR observed was mild in
majority 92(68.1%) of cases while it was Moder-
ate in 29(21.5%) and Severe in 14(10.4%) pa-
tients. Table 2.

Overall in-hospital mortality was 44(12.6%),
20(14.8%) in MR Group and 24(11.2%) in No
MR Group. Heart failure/acute pulmonary edema
occurred in 84(24%) patients, 63(46.7%) in MR
Group and 21(9.8%) in No MR Group. Among
the study patients 222(63.4%) had uneventful dis-
charge more 170(79.1%) in No MR Group as
compared to 52(38.5%) in MR Group. Table 3.
DISCUSSION

Coronary heart disease (CHD) is the leading
cause of mortality worldwide and caused 1 of ev-
ery 5 deaths in the United States in 2004.6 Acute
coronary syndromes are manifestations of a pro-
gressive atherosclerotic process which culminates
in rupture of atherosclerotic plaques and the for-
mation of mural thrombi. Despite impressive ad-
vances in diagnosis and management over the past
four decades, STEMI continues to be a major pub-
lic health problem in the industrialized world and
is becoming an increasingly important problem in
developing countries.7 In the United States, nearly
1 million patients a year suffer from an acute MI.8

More than 1 million patients with suspected acute

MI are admitted yearly to coronary care units in
the United States.8 Of particular concern from a
global perspective are projections that the burden
of disease in developing countries will become simi-
lar to those now afflicting developed countries.7

Given the wide disparity of available resources to
treat STEMI in developing countries, major efforts
are necessary on an international level to
strengthen primary prevention programs at the
community level.9,10

The short-term mortality rate of patients with
STEMI who receive aggressive pharmacological
reperfusion therapy as part of a randomized trial
is in the range of 6.5 to 7.5 percent,11 whereas
observational data bases suggest that the mortal-
ity rate in STEMI patients in the community is 15
to 20 percent. Complications of Myocardial inf-
arction emerge as one of the principal determi-
nants of mortality in patients with STEMI.12 There
are three major mechanical complications of acute
myocardial infarction (MI): rupture of the left ven-
tricular free wall; rupture of the interventricular
septum; and the development of ischemic mitral
regurgitation.

Ischemic mitral regurgitation is mitral insuffi-
ciency caused by myocardial infarction. The causes
of MR after acute MI include ischemic papillary
muscle displacement (previously known as papil-
lary muscle dysfunction), left ventricular dilatation
or true aneurysm, and papillary muscle or chordal
rupture. MR typically occurs 3-10 days after an
AMI, though this onset may vary according to the
mechanism of MR. Papillary muscle rupture re-
sulting in MR occurs within 1-14 days.

Ischemic mitral regurgitation may present sud-
denly in association with AMI or chronically with
CHF as a late manifestation of postinfarction ven-
tricular remodeling. In all cases (by definition) the
valve leaflets and subvalvular apparatus are struc-

Table 1. Baseline characteristic of the
patients (n=350)

Characteristics MR n=135 No MR n=215 Total n=350 
Age mean years    
Age groups 

30-50 years 
51-60 years 
61-70 years 

 
21(15.6%) 
43(31.8%) 
71(52.6%) 

 
47(21.8%) 

154(71.7%) 
14(6.5%) 

 
68(19.4%) 
197(56.3%) 
85(24.3%) 

Gender 
Male 

Female 

 
51(37.8%) 
84(62.2%) 

 
109(50.7%) 
106(49.3%) 

 
160(45.7%) 
190(54.3%) 

Table 2. Distribution of patients according
to the severity of MR.

SEVERITY OF MR NUMBERS (PERCENTAGES) n=135 
Mild 92(68.1%) 

Moderate 29(21.5%) 
Severe 14(10.4%) 

Table 3. Distribution of patients by
outcome

OUTCOME MR Present 
n = 135 

MR absent 
n = 215 

Total 
n=350 

Acute pulmonary edema 63(46.7%) 21(9.8%) 84(24%) 
Died 20(14.8%) 24(11.2%) 44(12.6%) 

Uneventful Discharge 52(38.5%) 170(79.1%) 222(63.4%) 

Outcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran Farooqarooqarooqarooqarooq



The Journal of Cardiovascular Diseases 2012, Vol.10 Issue 2 51

turally normal. Whether, when, and to what de-
gree IMR develops is dependent on the size,
transmurality, and location of the MI. Mild-to-
moderate MR is often clinically silent and detected
on Doppler echocardiography performed during
the early phase of AMI. In this case, MR rarely
causes hemodynamic compromise. Severe acute
MR that results from the rupture of papillary
muscles or chordae tendineae results in abrupt
hemodynamic deterioration with cardiogenic
shock. Rapid diagnosis, hemodynamic stabiliza-
tion, and prompt surgical intervention are needed
because acute severe MR is associated with a high
mortality rate. Acute ischemic MR is seen with in-
creased frequency in anterior wall infarction, more
extensive wall motion abnormalities, a persistently
occluded infarct related artery, larger end-systolic
and end-diastolic ventricular volumes, and severe
heart failure.

Mitral regurgitation is known to be a frequent
complication of AMI. When present, it may ex-
hibit a broad range of severity, from clinically evi-
dent and hemodynamically obvious to
clinically silent and detected only as an incidental
f inding on catheterization or Doppler
echocardiography. Ischemic MR following MI is
associated with increased mortality.

In the present study, 350 patients of acute MI
were included. In the study population, 45.7 %
were male and 54.3 % were female, 19.4% pa-
tients were in the age group of 30-50 years, 56.3%
patients were in the age group of 51-60 years
and 24.3% patients were in the age group of 61-
70 years. In the study group 38.6 % patients suf-
fered from MR as the complication of MI. Of all
the patients who suffered from MR, 68.1% suf-
fered from mild, 21.5 % from moderate and
10.4% suffered from severe MR. Different fre-
quency of MR have been reported in previous stud-
ies. Kenneth G, et al investigated that the mitral
regurgitation occurring early in the course of acute
myocardial infarction with respect to its incidence
and its influence on prognosis in 206 patients
within 7 hours of symptom onset during their first
myocardial infarction. Mitral regurgitation was
present in 27 patients (13%). Barzilai et al13 found
an MR murmur present on admission in 9% of
patients with acute MI and present
sometime during the hospitalization in 20%.
Heikkila et al14 described a murmur suggestive
of MR in 55% of MI patients, and Bhatnagar and
Yusuf15 used color-flow Doppler to confirm that
9% of post-MI patients who had a murmur

compatible with MR did, indeed, have MR. More
recently, angiographic studies reported by
Lehmann et al16 and Tcheng et al17 reported in-
cidences of post-MI MR of 13% and 17.9% of
patients within hours of infarction, respectively.  
Between 17% and 55% of patients develop a mi-
tral systolic murmur or echocardiographic evidence
of IMR early after acute myocardial infarction.18

Of patients who have cardiac catheterization
within 6 hours of the onset of symptoms of AMI,
18% have IMR.19 In 3.4% of these patients, the
degree of mitral insufficiency is severe.19

In the present study, mostly elderly and female
patients suffered from MR after MI. The results
show that 52.6% patients with age 61 to 70 years
suffered from MR. The results show that 37.8%
patients were male and 62.2 % patients were fe-
male among the patients who suffered from MR
after MI. This finding was also recorded in other
studies. Aronson et al studied the incidence of Is-
chemic Mitral Regurgitation and the Risk of Heart
Failure after acute Myocardial Infarction. The study
population consisted of the 1190 patients.
Echocardiography was performed during the hos-
pital stay at a median of 2 days (interquartile
range, 1-3 days) after admission. Mild ischemic
MR was present in 473 patients (39.7%) and
moderate or severe ischemic MR in 75 patients
(6.3%) (67 patients with moderate ischemic MR
and 8 patients with severe ischemic MR). Patients
with MR were more likely to be older. The mean
age of patients with mild MR was 64 + 12 and
patients with moderate to severe MR were 69 +
13. Among patients with MR 66 % patients were
female. The results are similar to present study.
Similar data on the demographics of MR after AMI
have been presented by Lehmann,16 Tcheng,17

and Barzilai.13 The results of present study were
similar to these studies.

In the present study, poor outcome of the patients
suffered from MR after MI was recorded in terms of
death and acute pulmonary edema. The study shows
that 12 % of the patients died and 46.7 % developed
acute pulmonary edema after development of MR as a
complication of MI.  The study also shows that mostly
patients suffering from this poor outcome were elderly
and female. Lamas et al20 studied a cohort consisting
of 727 patients.  MR was present in 141 pa-
tients(19.4%). Severe (3+) MR was present in only 2
patients. Patients with MR were more likely to experi-
ence cardiovascular mortality, severe heart failure, and
the combined end point of cardiovascular mortality, se-
vere heart failure, or recurrent myocardial infarction.
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Barzilai et al13 found that AMI patients with a murmur
suggestive of MR had a 12-month mortality of 36%
compared with 15% for patients without an
MR murmur. However, correction for differences
in baseline variables indicated that the presence
of an MR murmur was not an
independent predictor of outcome. In contrast,
Lehmann et al16 found that MR present on
left ventriculography within 7 hours of MI
was an independent predictor of survival at
1 year. Tcheng et al17 also found that moder-
ately severe to severe MR appeared to be a
likely independent predictor of impaired survival.
Barzilai et al13 studied the significance of Doppler-
detected mitral regurgitation in acute myocardial
infarction. To define the incidence of mitral regur-
gitation and elucidate its potential contribution to
the development of severe congestive heart failure
after acute myocardial infarction, doppler
echocardiograms were obtained within 48 hours
of onset of AMI in 59 patients. MR was detected
in 23 of the 59 patients (39%). Patients with MR

were older. Mortality determined 8 to 14 months
after the index AMI was 48% (11 of 23) in patients
with MR but only 11% (4 of 30) in those without it (p
less than 0.01).
STUDSTUDSTUDSTUDSTUDY LIMITY LIMITY LIMITY LIMITY LIMITAAAAATIONSTIONSTIONSTIONSTIONS

The sample size of the study was small as com-
pared to other international studies; moreover the
results in our study cannot be applied to general
population as this was a single hospital based
study. However it provides significant data regard-
ing mitral regurgitation among the patients of acute
myocardial infarction.
CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

In conclusion, the findings of the present
study indicate that there is high frequency of
IMR after MI in our population and mostly
sufferers of this complication are female and
elderly population. IMR if present after MI is
associated with poor outcome in terms of
death and acute heart failure. Early detection
and management can reduce the mortality of
this complication.

1. American Heart Association. Cardiovascu
lar disease statistics. Available at http://
www.americanheart.org/presenter.jhtml?
identifier=4478 (accessed March 2, 2009).

2. Figueras J, Cortadellas J, Calvo F, et al.
Relevance of delayed hospital admission on
development of cardiac rupture during
acute myocardial infarction: Study in 225
patients with free wall, septal, or papillary
muscle rupture. J Am Coll Cardiol 1998;
32:135.

3. Reeder GS. Identification and treatment of
complications of myocardial infarction.
Mayo Clin Proc 1995; 70:880.

4. Pasternak RC, Braunwald E, Sobel BE.
Acute myocardial infarction. In: Heart Dis
ease, 4th ed, Braunwald, EB (Ed), Saunders,
Philadelphia 1992. p.200.

5. Selzer A, Katayama E. Mitral regurgitation;
clinical patterns, pathophysiology and natu
ral history. Medicine 1972; 51:337.

6. Heart disease and stroke statistics-2008
update: a report from the American Heart
Association Statistics Committee & Stroke
Statistics Subcommittee. [Online] 2007
[cited 2008 Nov]. Available from: URL:
http://www.circ.ahajournals.org/cgi/con
tent/short/117/4/e25.

7. Yusuf S,  Vaz M, Pais P.  Tackling the chal
lenge of cardiovascular disease burden in de
veloping countries. Am Heart J 2004; 148:1.

8. American Heart Association: Heart Disease
and Stroke Statistics-2007 Update. Circula
tion 2007; 115:69.

9. Marshall T. Evaluating national guidelines for
prevention of cardiovascular disease in pri
mary care. J Eval Clin Pract 2005; 11:452.

10. Yusuf S, Hawken S, Ounpuu S, et al. Effect
of potentially modifiable risk factors associ
ated with myocardial infarction in 52 coun
tries (the INTERHEART study): Case-control
study. Lancet 2004;364:937.

11. Antman EM, Morrow DA, McCabe CH, et
al. Enoxaparin versus unfractionated hep
arin with fibrinolysis for ST-elevation myocar
dial infarction. N Engl J Med 2006; 354:
1477.

12. Ahmed S, Antman EM, Murphy SA, et al.
Poor outcomes after fibrinolytic therapy for
ST-segment elevation myocardial infarction:
Impact of age (a meta-analysis of a decade
of trials). J Thromb Thrombolysis 2006;21:
119.

13. Barzilai B, Davis VG, Stone PH, Jaffe AS. Prog
nostic significance of mitral regurgitation in
acute myocardial infarction. Am J Cardiol

Outcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran Farooqarooqarooqarooqarooq

REFERENCES



The Journal of Cardiovascular Diseases 2012, Vol.10 Issue 2 53

1990;65:1169-75.
14. Heikkila J. Mitral incompetence complicating

acute myocardial infarction. Br Heart J 1967;
29:162-169.

15. Bhatnagar SK, Yusuf ARA. Significance of a
mitral regurgitation systolic murmur compli
cating a first acute myocardial infarction in
the coronary care unit: assessment by colour
Doppler flow imaging. Eur Heart J 1991;12:
1311-15.

16. Lehmann KG, Francis CK, Dodge HT, and
the TIMI Study Group. Mitral regurgitation
in early myocardial infarction. Ann Intern
Med 1992;117:10-17.

17. Tcheng JE, Jackman JD, Nelson CL, Gardner
LH, Smith LR, Rankin S, et al. Outcome of
patients sustaining acute ischemic mitral re

gurgitation during myocardial infarction. Ann
Intern Med 1992;117:18-24.

18. Maisel AS, Gilpin EA, Klein L, et al. The mur
mur of papillary muscle dysfunction in acute
myocardial infarction; clinical features and
prognostic implications. Am Heart J 1986;
112:705.

19. Tcheng JE, Jackman JD Jr, Nelson CL, et al.
Outcome of patients sustaining acute is
chemic mitral regurgitation during myocar
dial infarction. Ann Int Med 1992; 117:18.

20. Lamas GA, Mitchell GF, Flaker GC, et al,
for the Survival and Ventricular Enlargement
Investigators. Clinical significance of mitral
regurgitation after acute myocardial infarc
tion. Circulation 1997; 96:827.

Outcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran FOutcome of MR After Acute STEMI…....................Muhammad Imran Farooqarooqarooqarooqarooq


