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INTRODUCTION
The first prosthetic valve replacement was done by Harken and Starr in 1960
(l).Since then thousands of patients have undergone prosthetic valve replacements
worldwide. Valve replacement surgery, along with better surgical technique, optimization
of the timing of intervention, and better medical management, has dramatically decreased
the morbidity and mortality of patients with valvular heart disease.

Prosthesis are broadly mechanical or bioprosthesis(2). The former are classified
as single-disk valves (eg; Bjork -Shiley, Medtronic Hall) bileaflet valves (eg:St:Jude
valve) and caged ball valves (eg:Starr Edwards valve).The major advantage of
mechanical valves is their durability and the major disadvantage is the need for
anticoagulation. Bioprosthesis are heterografts if nonhuman valve is used to construct a
valve. The terms homograft and allograft are used interchangeably to describe use of a
human valve harvested at the time of death of a different person. Use of the patient's own
pulmonic valve to replace a diseased aortic valve is called an autograft valve
replacement.

The operative mortality of prosthetic valves in the aortic position is generally
accepted as 3-6% in modem series (2).For mitral prosthesis ,operative mortality is 1-3%
for those with myxomatous mitral valve disease while 3 -7% for those with rheumatic
disease or ischemic (9 %) heart disease(3).Currently available mechanical prosthesis are
extremely durable and structural deterioration of mechanical prosthesis on followup is
rare(12). Problems if do occur on followup for mechanical valves are usually due to
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paravalvar regurgitation, infective endocarditis or thrombosis(12,13). Survival depends
on factors other than valve function, including the underlying disease process, age of
patients and comorbid conditions.

The major advantage ofbioprosthesis is the low rate of thromboembolism of only
1.6% per patient year in the absence of chronic anticoagulation (4).The major
disadvantage is progressive calcification, degenerative changes and tissue failure with
identifiable changes typically beginning 5 to 7 years postimplant(S).Degeneration is more
rapid in children, young adults and patients with abnormal calcium metabolism.ln several
large series, the estimated rate of structural deterioration was 3.3% per patient year,
corresponding to a freedom from valve failure at 10 years of 78% ± 2% for aortic valve
prosthesis and 69 ± 2% for mitral prosthesis.(?).
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AIMS & OBJECTIVES:
Longterm clinical, electrocardiographic and echocardiographic followup of
prosthetic valve replacements, age at surgery less than or equal to 18 years.

MATERIALS AND METHODS:
Study was based on data collected by review of case files taken out of the
Medical Records Department of SCTIMST after which patients were called back and
clinical, electrocardiographic and echocardiographic assessment were done.

Age at surgery, aetiology ofvalve disease, year of surgery, type of surgery
(mitral, aortic, tricuspid valve replacement and their combinations) ,type of prosthesis
used (Starr Edwards, Bjork Shiley, Medtronic Hall, Chitra prosthesis),size of prosthesis,
presence of congestive cardiac failure ,underlying cardiac rhythm, functional status, right
ventricaular systolic pressure at the time of surgery was noted. Whether the surgery was
for an urgent or elective indication was also noted.

Minimum followup was for 6 months. At followup, patient's functional class ,
presence of congestive cardiac failure, underlying cardiac rhythm was assessed. At
__ -----· __

-~c;hocardiography,

peak and mean gradients across the prostheses, mitral valve area for

mitral prostheis by pressure half time method, degree of regurgitation , left ventricular
diastolic and systolic dimensions and ejection fraction by M-mode ,right ventricular
systolic pressure by tricuspid regurgitation jet were assessed. .
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Post implant events, both immediate postoperative and on long term followup
were noted. Timing of events in months , with respect to the time of surgery was also
·ascertained. Events were death, valve thrombosis, hemolysis, cerebrovascular accident,
redo valve replacement, deterioration of functional class, restenosis, significant
regurgitation , infective endocarditis, bleeding. The causes of death were low output state,
sepsis, infective endocarditis, cerebrovascular accident, valve thrombosis,
arrythmias,bleeding.

Valve thrombosis was defmed as presence of increased gradients across the
prosthesis, with worsening of functional class and echocardiographic, catheterization or
fluoroscopic evidence of impaired valve movements with or without demonstration of a
thrombus.In all patients who underwent surgery for suspected valve thrombosis, the
presence of thrombus was confirmed at surgery.

vVith respect to cerebrovascular accidents, both embolic and hemorrhagic forms
were taken into account.

High prosthetic gradients in the aortic position was defined as mean gradient
greater than 30 mm of Hg. High prosthetic gradients in the mitral position was defined as
mean gradient greater than 10 mm of Hg. High prosthetic gradients in the tricuspid
position was defined as mean gradient greater than 5 mm of Hg.

Significant regurgitation was defined as regurgitation of Grade 3 or more as
assessed by Colour Doppler Echocardiography.
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Infective endocarditis was defined as per the Duke's criteria for diagnosis of
infective endocarditis(20).

Sepsis was defined as the presence of positive blood culture in the setting of
multiorgan dysfunction (liver, renal dysfunction,coagulation abnormalities alone or in
combination) with or without hypotension and no criteria to satisfy diagnosis of infective
endocarditis.

Low output state was defined as presence of hypotension in the setting of severe
heart failure despite ionotropic support with no evidence of sepsis , infective endocarditis
or causes for hypovolemia.

Early postoperative period was defined as within 2 months of valve implant.

Data was analysed using SPSS Software ,version 10 ,Microsoft Windows.
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RESULTS:
166 cases were included in the study. There were 94 (56.6%) males and 72
(43.4%} female patients.Male:female ratio was 1.3: 1.

Age range was from 1 year to 18 years.Mean age was 14.63 years with standard
deviation of 3.44 years. Median age was 15 years.
AGE GROUP (in years)

NO. OF PATIENTS

0-5

3

6-10

18

11-15

66

> 16

79

Aetiology of valve disease: Commonest aetiology of the group as a whole was
rheumatic heart disease which accounted for 83 (50%) of cases.

99 patients underwent isolated mitral valve replacement.Aetiologies were
rheumatic heart disease (n=61 ,61.6%),mitral valve prolapse(n=23,23.2%),cleft anterior
mitral leaflet (n=4,4.4%), congenital mitral regurgitation (n=7,7.7%), endomyocardial
fibrosis(n=4,4.4%).
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44 patients had isolated aortic valve replacement. The commonest aetiology in this
group was aortic regurgitation associated with ventricular septal defect
(n=24,54.5%).0thers were rheumatic heart disease (n=8,18.18%),bicuspid aortic valve
(n=9,20.46%),Marfans syndrome (n=2,4.6%), rupture of sinus of Valsalva aneurysm
(n=1,2.3%).
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All patients with combined mitral and aortic valve replacement had rheumatic
heart disease (n= 14,100%). Of six patients with tricuspid valve replacement, 5 had
endomyocardial fibrosis(n=5,83.3%) and one Ebsteins anomaly (n=1,16.7%).
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3 patients with combined mitral with tricuspid valve replacement had
endomyocardial fibrosis in all cases (n=3,100%).

Type of valve replacement: 99 patients (59.6%) had mitral valve replacement. 44
patients (26.5%) underwent aortic valve replacement .14 patients had combined mitral
and aortic valve replacement (8.6%). 6 (3.6%) patients underwent tricuspid valve
replacement and 3(1.8%) combined mitral and tricuspid valve replacement.

N atore of valve lesion:Among the group with isolated mitral valve replacement,
commonest mitral valve lesion that warranted replacement was predominant mitral
regurgitation (n=62,62.6%). Predominant mitral stenosis accounted for 12 (12.12%)
number of cases. Combined mitral stenosis with mitral regurgitation accounted for 25
(25.25%) of cases.

Nature of valve lesion in mitral
disease _

llliJ Predominant MR

111111 Predominant MS
0 Combined MS/MR
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,For isolated aortic valve replacement, the commonest lesion was aortic
regurgitation (n=40,91 %).Aortic stenosis accounted for 2 (4.5%)of cases and combined
aortic stenosis with aortic regurgitation for 2 (4.5%) cases.

Nature of valve lesion in Aortic valve
disease
2 2

11 Predominant AR

mPredominant AS
oCombined AS/AR
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For tricuspid valve replacement, all cases were due to tricuspid
regurgitation(n=6, 100%).

Type of prosthesis : For the group as a whole , the commonest prosthesis used was
Starr Edwards prosthesis(n=98,53.6%).

For mitral valve replacement, Starr Edwards prosthesis was used in
(n=81,69.8%), Chitra prosthesis (n=l2,10.3%), Bjork Shiley prosthesis (n=l5,13%), and
Medtronic Hall prosthesis(n=8,7%).

In case of aortic valve replacement , the prostheses used were Starr Edwards in
-(n=17,29.3%), Chitra prosthesis in (n=17,29.3%), Bjork Shiley prosthesis in(n=3,5.8%)
and Medtronic Hall prosthesis in (n=21,36.2%).
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For trisupid valve replacement, prostheses used were Starr Edwards (n=l, 11.1 %),
Medtronic Hall (n=2,22.2%), Bjork Shiley prosthesis(n=6,66.7%).

Type of prosthesis for MVR
8

· 111 Starr Edwards
12

11111 Chitra
0

Bjork~Shiley

iii Medtronic Hall

Type of prosthesis for AVR

111 Starr Edwards
11111 Chitra
0 Bjork-Shiley
Ill! Medtronic Hall
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Type of prosthesis used for TVR

2

11 Starr Edwards
• Medtronic Half
l 0 Bjork-Shiley

Size of prosthesis: In mitral valve replacement group commonest size ofprosth~sis
used was 26mm (31.9%) . For aortic valve replacement, commonest size used was
21mm(27.6%).The commonest size of prosthesis used for tricuspid valve replacement
was 25 mm(44%).

Functional class at surgery: For the group as a whole 11 patients (6.6%) were in
NYHA 1, 79 patients (47.6%) in NYHA 2 and 76 patients (45.8%) in NYHA classes 3 or
4 at time of surgery.

In case of isolate mitral valve replacement, 1 patient (1%) was in NYHA 1,42
patients (42.42%) in NYHA 2 and 56 (56.56%) in NYHA classes 3 or 4 at time of
surgery. In those with predominant mitral stenosis, none were in NYHA 1, 2 (16.7%) in
NYHA 2 and 10 (83.3%) in NYHA classes 3 or 4.There was no statistically significant
difference in functional class between predominant stenotic and predominant
regurgitation group at time of surgery.In the group with rheumatic heart disease
undergoing mital valve replacement, none were in NYHA 1, 27 (44.3%) in NYHA 2
and 34 (55.7%) in NYHA classes 3 or 4. In those with nonrheumatic aetiology, 1 patient
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(2.6%) was in NYHA 1, 15 (39.5%) in NYHA 2 and 22 (57.1%) in NYHA class 3 or 4
at time of surgery. There was no significant difference between the rheumatic and
nonrheumatic groups in terms ofNYHA class.
Pre-op NYHA class for mitral disease
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In patients undergoing isolated aortic valve replacement, 10 (22.7%) were in
NYHAclass 1, 30 (68.2%) in NYHA class 2, and4 (9.1%) in NYHA classes 3or 4.

Pre-op NYHA class for aortic disease
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In the tricuspid valve replacement group, none were in NYHA class 1, 2 (33.3%)
in NYHA class 2, and 4 (66.6%) in NYHA class 3 or 4 at time of surgery.

In patients undergoing combined mitral with aortic valve replacement, none were
in NYHA1 ,3 in NYHA 2 (21.4%) and 11 in NYHA classes 3 or 4 (87.6%).

Pre-op NYHA class for DVR group
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In those who underwent mitral with tricuspid valve replacement, there were none
in NYHA 1, 2 (66.6%) in NYHA 2 and 1 (33.3%) in NYHA class 3 or 4 at time of
surgery.

Presence of congestive heart failure at time of surgery: In the group as a
whole, congestive cardiac failure (CCF) was present in 62 (37.3%) at time of surgery.

In patients undergoing isolated mital valve replacement , congestive heart failure
was present in 46 cases (46.46%). Congestive heart failure was present in 5 (41.8%) with
predominant stenosis and 31 (50 %) with predominant regurgitation. There was no
statistically significant difference between the two groups. In those with rheumatic

18
aetiology for the valve disease, CCF was present in 27 (45%) of patients while 19 (50%)
patients in nonrheumatic group had CCF. There was no statistically significant difference
between the rheumatic and nonrheumatic groups with regard to presence of CCF at time
of surgery.

In the aortic valve replacement group, 3 (7%) patients were in CCF at time of
surgery.! 0 (71.4% ) patients of the combined mitral with aortic valve replacement group
were in CCF at time of surgery. For those undergoing tricuspid valve replacement 3
(50%) had CCF before surgery.In patients who underwent combined mitral with tricuspid
valve replacement ,CCF was present in none.

CCF at pre-op evaluation (disease
group}
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Underlying cardiac rhythm at time of surgery: For the group as a whole, 126
(76%) patients were in normal sinus rhythm at time of surgery and 40 (24%) were in
atrial fibrillation.
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In those who underwent isolated mitral valve replacement, 71 (71.7%) patients
were in normal sinus rhythm, 28 (28.3%) were in atrial fibrillation.In those with
rheumatic aetiology 22 (36%) were in atrial fibrillation while 6 (15.8%) with
nonrheumatic aetiologies were in atrial fibrillation (p 0.03). Atrial fibrillation was present
in 10 children (19.2%) whose age at surgery was less than 15 years, while it was present
in 18 (37.5%) children whose age at surgery was more than 15 years(p 0.048).There was
significant correlation between the presence of atrial fibrillation and occurrence of CCF
at time of surgery (p 0.02).There was significant correlation (p 0.02) between atrial
fibrillation and the right ventricular systolic pressures.Right ventricular systolic pressure
in the sinus rhythm group was 60.5+21.8 mm ofHg while in the atrial fibrillation group
was 73.5 +18.7 mm ofHg.

All patients who underwent aortic valve replacement were in normal sinus
rhythm. 8 patients (56.8%) who had combined mitral with aortic valve replacement were
in normal sinus rhythm while 6 (43.2%) patients were in atrial fibrillation. Normal
sinus·rhythm was present in 2 (33.3%) patients undergoing tricuspid valve replacement
and 4 (66.6%) were in atrial fibrillation.In the group of combined mital with tricupsid
valve replacement, normal sinus rhythm was present in 1 (33.3%) and atrial fibrillation in
2 (66.6%) patients.
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Rhythm at pre-op evaluation (disease
group)
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Followup: The minimum period offollowup was 6 months. Followup range was from
6 months to 300 months. Mean followup was for 89 months.All survivors had
echocardiographic and clinical evaluation within the last one year.

Postoperative events: The events that occurred during followup or in the
postoperative period were death (n=41,24.7%), valve thrombosis(n=6,3.6%),
cerebrovascular accident (n=6,3.6%), redo valve replacement (n=1,0.6%),high prosJhetic
valve gradients (n=40,39%), significant regurgitation(n=9,5.4%), infective endocarditis
(n=9,5.4%), bleeding(n=2,1.2%).

Mortality during followup: 41 patients (24.7%) died during followup or in the
early postoperative period. There were 33 deaths (19.9%) in the early postoperative
period. The causes of death in this period were low output state (n=20, 12.1 %), infective
endocarditis (n=6,3.6%), sepsis (n=4,2.4%), arrhythmia (n=2,1.2%), bleeding
(n=l,0.6%).
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8 patients (4.8%) died during longterm followup. The causes of death were valve
thrombosis (n=4,2.4%), infective endocarditis (n=l.0.6%), cerebrovascular accident
(n=1,0.6%), progressive heart failure (n=1,0.6%), bleeding problems(n=1,0.6%).

Cause of death

No. ofpatients

Low output state

21

Infective endocarditis

7

Valve thrombosis

4

Sepsis

4

Arrhythmia

2

Bleeding

2

CVA

1

Total

41

Early postoperative mortality upto 1985 was 53.8%(n=7),1986 to 1990
31.8%(n=7),1991 to 1995 22.4%(n=11),1996 to2000 12.9%(n=4) and beyond 2000
7.8%(n=4).

Mortality for the group as a whole was 24.7% (n=41). In univariate analysis ,atrial
fibrillation at time of surgery emerged as predictor of mortality (p<O.O 1) while presence
of congestive cardiac failure at time of surgery achieved borderline significance
(p0.067).In multivariate analysis, only atrial fibrillation at time of surgery predicted
mortality (p<0.05).Age at time of surgery, NYHA class and aetiology of valve lesion did
not show significant correlation with mortality .
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Early post-operative mortality during
various periods
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In patients undergoing isolated mitral valve replacement , mortality was 26.2%
(n=26). Mortality in rheumatic group was 18 %(n=ll) while in the nonrheumatic group
was 39.5%(n=15).There was statistically significant difference in mortality in rheumatic
versus nonrheumatic groups (p 0.02).Mortality for predominant mitral stenosis group was
33.3%(n=4) and that for predominant mitral regurgitation was 30.6% (n=19).There was
no significant difference in mortality in those undergoing surgery for predominant
mitral stenosis when compared to those undergoing surgery for predominant mitral
regurgitation.Nonrheumatic aetiology of mitral valve disease emerged as a significant
predictor (p0.02) of mortality in the mitral valve replacement group on multivariate
analysis.

In patients undergoing isolated aortic valve replacement , mortality was
15.9%(n=7). In the combined mitral with aortic valve replacement group, there were 4
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(28.6%) deaths.Mitral with tricuspid valve replacement group there was I death (33.3%)
and in the tricuspid valve replacement group 3 deaths (50%).

Survival for the group as a whole was 78% at 5 years, 75% at 10 years and 60%
at 20 years. For those undergoing mitral valve replacement alone survival at 5, 10, 20
years were 76%,73% and 56% respectively. For isolated aortic valve replacement, the
figures were 86%,82% at 5 and 10 years respectively. For those undergoing combined
mitral and aortic valve replacement 10 year survival was 70%.

Survival for whole group
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MVR alone: survival
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DVR: survival
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Valve thrombosis: Valve thrombosis occurred in 6 patients(3.6%).It occurred in 2
(1.7%) mitralprostheis, 1 (1.7%)ofaortic prosthesis, and 3 (33.3%) oftricuspid
prosthesis. There was a significant association between valve thrombosis and tricuspid
valve replacement (p0.01).No case of valve thrombosis occurred within 24 months from
time of surgery.

Cerebrovascular accidents: 6 patients (3.6%) suffered from cerebrovascular
accident during followup.All cases occurred beyond 36 months from time of surgery.

High prosthetic gradients: For mitral prostheses this occurred in 15.1%
(n=11).There was no significant difference in gradients between rheumatic and
nonrheumatic aetiologies, or between predominant mitral stenosis and predominant mitral
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regurgitation. Mean gradient of rheumatic group was 8.07 mm of Hg while that of the
nonrheumatic group was 7.84 mm of Hg. Age at surgery did not have significant
correlation with the late occurrence of high prosthetic valve gradients.

In aortic prostheses high gradients occurred in 43.5%(n=20).Average of mean
gradient for aortic prosthesis was 28.5 mm of Hg. In tricuspid prostheses, high gradients
occurred in all cases.Mean gradient across tricuspid prosthesis was 10.8 mm ofHg.There
was significant association with presence of a tricuspid valve prosthesis and occurrence
of high gradients across prosthesis(p<0.01).

Infective endocarditis: Infective endocarditis occurred in 9 patients(5.4%). It was
early prosthetic endocarditis in 7 patients (4.2%) and late prosthetic endocarditis in 2
patients(l.2%). Infective endocarditis occurred in 3 (2.5%) of mitral prostheses
,6(10.5%) of aortic prostheses and none of tricuspid prosthesis.lt was culture negative in
6 cases(66.6%).0fthe culture postive ones two were due to Staph:aureus and another one
was due to Strep: viridans.

Significant regurgitation: Of the mitral prostheses, significant regurgitation
occurred in 5 cases (4.3%). Of the aortic prostheses, significant regurgitation occurred in
4 patients(6.8%). In the case of tricuspid prostheses,significant regurgitation occurred in
none.All significant regurgitations were paravalvar.

Left ventricular ejection fraction: In patients undergoing mitral valve
replacement for mitral disease alone, the average ejection fraction on followup was
62. 7% .. 5 (5.1 %)patients had an ejection fraction lower than 50%. There was no
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significant difference in the ejection fraction between rheumatic versus nonrheumatic
groups, predominant mitral stenosis versus predominant mitral regurgitation groups.

In patients undergoing aortic valve replacement for aortic valve disease alone, the
average ejection fraction on followup was 62.1%.3 (6.8%) had ejection fraction lower
than 50%.

In patients undergoing combined aortic and mitral valve replacement, the average
ejection fraction on followup was 65.4%.None had ejection fraction less than 50%.
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DISCUSSION
Most studies in the literature reporting on longterm followup of prosthetic cardiac
valves have been on patients in the adult age group at time of surgery. Studies on
outcomes in younger age groups are relatively scarce (21,22). The aim of this study was
to look into the longterm outcome of prosthetic valve replacement in the youger age
group patients.All patients had age at surgery less than or equal to 18 years.

There male:female ratio was 1.29:1. The mean age of the patients were 14.6 ± 3.4
years, with a range of 1 to 18 years.Median age was 15 years. Though this study reports
on prosthetic valve replacements in the younger age group, there were only few patients
in the very young age groups.

The commonest aetiology of valve replacement was rheumatic heart disease
which accounted for 50% of the total cases. This is in agreement with the high incidence
of rheumatic heart disease in India.Cherian et al in a study of 162 cases of mitral valve
replacement found an incidence of 84.6% for rheumatic heart disease among the patients
who underwent surgery(8). In the West, rheumatic heart disease accounts for 20% of the
cases(9).

Among those undergoing isolated MVR, rheumatic heart disease accounted for
62% of cases. Rheumatic heart disease as a cause for valve replacement was more with
mitral valve disease than patients with aortic valve disease. This is consistent with
previous reports.John.M.Kratz in a study of 456 patients undergoing aortic or mitral
valve replacement found an incidence of 50% for rheumatic heart disease among those
with mitral valve disease compared to 23% among those with aortic valve disease (9).
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Mitral valve prolapse necessitated MVR in 23% of cases in thosewho underwent
isolated mitral valve replacement. This figure is higher than the incidence of mitral valve
prolpase quoted in previous studies on mitral valve replacement in which the incidence
of mitral valve prolapse ranges form 10 to 15%(9,10). Moreover, MVR for mitral valve
prolapse is usually indicated in patients in the third or fourth decades of life. The
increased incidence may be partly explained by the fact that mitral valve repair was
performed quite infrequently in cases with mitral valve prolapse.

The commonest cause of isolated aortic valve replacement was aortic
regurgitation associated with ventricular septal defect. (54.5%). This is higher than the
incidence quoted in previous studies where the incidence of aortic valve replacement for
congential heart disease group as a whole causing aortic regurgitation was 5 to
20%(9,10,11,12,13). This may be due to a significantbias toward early surgical
correction in patients with ventricular septal defect with the onset of even the milder
grades of aortic regurgitation.It may also reflect a higher incidence of failure of
satisfactory repair at surgery which necessitated aortic valve replacement.Rheumatic
heart disease accounted for only 18% of cases of isolated aortic valve replacement.

In patients undergoing combined mitral and aortic valve replacement, the
aetiology was rheumatic heart disease in all cases, which is consistent with previous
reports(11, 12,13).

The commonest cause of isolated tricuspid valve replacement was
endomyocardial fibrosis (83.3%) which is consistent with the fact that diseases causing
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isolated tricuspid valve disease are quite uncommon. For combined mitral and triucspid
valve replacement the aetiology was endomyocardial fibrosis in ail cases.

Predominant mitral regurgitation necessitated miqal valve replacement in
majority of cases of isolated mitral valve replacement (62.6%).Predominant mitral
stenosis accounted for 12.12% of cases. Previous studies have reported varying
percentages for each lesion in patients undergoing MVR for mitral valve disease.In the
study by John.M.Kratz mitral stenosis accounted for 47% of cases and mitral
insufficiency for 41% of cases(9).In another study by Buckhardt et al mitral regurgitation
accounted for 48% of cases and mitral stenosis for 22% of cases(10).

In patients undergoing isolated aortic valve replacement , the predominant lesion
was aortic regurgitation in majority of cases (91 %) while predominant aortic stenosis
accounted for only 4.5% of cases. This is a much higher incidence for. aortic regurgitation
compared to previous studies(9, 10,11, 12, 13). This may have several explanations. Aortic
stenosis is a progressive disease, and more numbers of patients need intervention with
increasing age. The commonest cause for aortic valve replacement in this study was
aortic regurgitation associated with ventricular septal defect, and the threshold for
intervention in this particular subset of patients may have been quite low.Finally. in
)

youger age groups, stenotic aortic valves may have been more suitable for balloon aortic
valvotomy(15), and many with aortic stenosis in these age groups may have undergone
such interventions.

In patients undergoing tricuspid valve replacement, the underlying valve lesion
was tricuspid regurgitation in all cases. This is in accordance with the rarity of lesions
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causing tricuspid stenosis , other than rheumatic heart disease, in which case almost
always there is additional significant mitral valve involvement(2,3). However, in this
study there were no cases of combined mitral and tricupid valve replacement for
rheumatic heart disease.

For the group as a whole, the commonest prosthesis used was Starr Edwards
which accounted for 53.5% of all valves replaced.

Among mitral valve replacements, Starr Edwards valve was used in 70% of
cases, Bjork Shiley prosthesisin 13% of cases, Chitra prostheis in 10.3% of cases and
Medtronic Hall in 6. 7% of cases.

For aortic valve replacement ,commonest prosthesis used was Medtronic Hall
prosthesis(36.2%).Rest were Chitra prosthesis (29.3%) ,Starr Edwards prosthesis(29.3%),
Bjork Shiley prosthesis(5.2%).

For mitral valve replacement commonest size of prosthesis used was 26 mm. This
is smaller than the size reported in previous studies(9). The smaller size of the prosthesis
used compared to previous studies relates to the younger age group of the patients in this
study at time of surgery and the smaller body surface area.

For aortic valve replacement, the commonest size ofprostheis used was 21 mm
and for tricuspid valve replacement 25 mm.

For the group as a whole, only 6.6% of patients were truly asymptomatic at time
of surgery. 47.6% were in NYHA class 2 and 45.8% in NYHA classes 3 or 4 at time of
surgery. Previously reported studies show marked variation in the preoperative NYHA

32
class of patients. In the study by John.M.Kratz et al preoperatively 8.1% of patients were
in NYHA 1, 16% in NYHA 2 and 75.9% in NYHA classes 3 or 4 at time of surgery. In
another study by Crawford M.H the authors reported that 6% of patients were in NYHA
1, 42% in NYHA 2 and 58% in NYHA classes 3 or 4 at time of surgery(16).
In the isolated mitral valve replacement group, majority (98%)had symptoms at
time of surgery. There were 42.4% in NYHA class 2 and 56.6% in NYHA classes 3 or 4
at time of surgery. There was no statistically significant difference in symptoms between
those with predominant mitral stenosis and predominant mitral regurgitation or in those
with rheumatic versus nonrheumatic aetiologies at time of surgery.This maybe due to the
fact that because of heavy patient load regurgitant lesions were also operated late and
many patients with predominant regurgitation had ,as a result, symptoms at time of
(

surgery. Moreover, the concept of early surgery before the onset of symptoms for
regurgitant lesions may not have been well appreciated during the early years of
prosthetic valve replacement.

In aortic valve replacement group for aortic disease alone, 23% did not have
symptoms at time of surgery, while 68% were in NYHA class 2 and 9.1% were in NYHA
classes 3 or 4 at time of surgery.There was a statistically significant difference between
isolated aortic valve replacement group and isolated mitral valve replacement group with
regarding to being asymptomatic at time of surgery (p0.02).This maybe due to the fact
that majority of patients who underwent aortic valve replacement , did so for aortic
regurgitation associated with ventricular septal defect. In such patients, a bias towards
early surgery for milder degrees of aortic regurgitation would have found a substantial
number of patients who were asymptomatic at time of surgery.
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In the tricupsid valve replacement group or combined valve replacement groups
,none were asymptomatic at the time of surgery.

For the group as a whole, congestive cardiac failure was present in 37.3% at time
of surgery. This is a higher incidence than from previous studies(l0,11,12,13,14). This
maybe due to the fact that during the early years of prosthetic valve replacement, the need
of intervention prior to the onset of congestive failure was not well recognized.Also the
heavy patient load may have delayed surgery in some patients till the onset of congestive
heart failure.

In patients undergoing isolated mital valve replacement, congestive heart failure
was present in 48.6% of cases. There was no significant difference between the incidence
of congestive failure at time of surgery in rheumatic versus noniheumatic groups or
between predominant stenosis versus predominant regurgitation groups.

In the isolated aortic valve replacement group, congestive heart failue was present
in 7% oi:' cases. There was a significant difference between aortic and mitral valve
replacement groups with regard to the presence of congestive failure at time of
surgery(p<O.Ol ). So at time of surgery, patients with mitral disease are more likely to
have symptoms and occurrence of congestive heart failure than those with aortic valve
disease.

72% of combined mitral and aortic valve replacements· and 50% oftricupid valve
replacement patients had congestive failure at time of surgery.
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Sinus rhythm was present in 76% of patients at time of surgery.
In those undergoing isolated mitral valve replacement, 71.7% were in sinus rhythm,
while 28.3% were in atrial fibrillation at time of surgery. Those with rheumatic aetiology
of mitral disease had higher incidence of atrial fibrillation , when compared to those with
nonrheumatic aetiologies(p0.03). There was a trend towards increased incidence of atrial
fibrillation in those greater than 15 years at time of surgery but it did not reach statistical
significance (p0.048).

There was significant correlation (p0.02) between occurrence of atrial fibrillation
and occurrence of congestive cardiac failure at time of surgery. Atrial fibrillation was
also significantly associated with higher right ventricular systolic pressure (p0.02). Right
ventricular systolic pressure for those in sinus rhythm was 60.5 ±21.8 mm ofHg while
those with atrial fibrillation was 73.5±18.7 mm ofHg.

In those undergoing isolated aortic valve replacement , all were in sinus rhythm
preoperatively. There was highly significant difference in the occurrence of atrial
fibrillation at time of surgery between the aortic and mitral valve replacement groups

(p<O.OOl).

During followup, 41 patients (24.7%) died. Majority of deaths
(n=33,80.5%)occurred in the early postoperative period. 8 patients died on longterm
followup.Over the years, early postoperative mortality showed substantial decline. lt was
53.8% in the period prior to 1985, while in the period beyond 2000 it has reduced to
7.8%. The reduction in early postoperative deaths maybe due to effects of better case
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selection for surgery, early intervention, improved operative and cardiopulmonary bypass
methods, improved postoperative care.

Commonest cause of early postoperative deaths was low output syndrome which
accounted for 60.6%(n=20)ofthese deaths. Infective endocarditis (n=6,18.1 %) ,sepsis
(n=4,12.1%), arrythmia(n=2,4.6%),bleeding (n=1,2.3%)were other causes of death
during this period. Causes of death on longterm followup were valve
thrombosis(n=4,9.2%), cerebrovascular accident(n=1,2.3%),bleeding (n=1,2.3%),
progressive heart failure (n=1,2.3%), infective endocarditis(n=1,2.3%).

In the study by John.M.Kratz in which patients underwent surgery during the
period during 1979 to 1990, the mortality within 30 days of surgery was 3.7%.1n a study
of 7 43 patients who underwent mechanical prosthetic valve replacement between 1978
and 1986, Burckhardt reported a mortality within the first 30 days of 4%. Though our
study defines early postoperative deaths as occurring within 2 months of date of surgery,
30 of the 33 early postoperative deaths occurred during the initial 30 days after surgery.
So compared to previous reports, our study had higher early postoperative mortality.

Survival at 5, 10 ,20 years for the whole group was 78%, 75% and 60%
respectively .For isolated mitral valve replacement, survival was 76%, 73% and 56% at
5,10,20 years respectively. For isolated aortic valve replacement, 5 and 10 year survival
was 86% and 82%respectively. 5 and 10 year survival of the combined aortic and mitral
valve group was 70% and 70% respectively.V arious studies have previously reported on
longterm survival post mechanical valve replacement.ln a study of 1104 patients
undergoing aortic , mitral or combined aortic with mitral Medtronic Hall valve
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replacements, Nitterhague.S. et al reported 63%, 54% and 42% 10 year survival
respectively (19). In a study of 1100 Starr Edwards prosthesis implanted between 1969
and 1991 survival at 10 years was 59.6% and 31.2% at 20 years.Longterm survival was
greater in our study compared to these previous reports and may reflect the younger age
of the population at time of surgery in our study.

Predictors of mortality for the group as a whole in univariate analysis was the
occurence of atrial fibrillation preoperatively (p0.01) while occurence of congestive
failure reached borderline statistical significahce(p0.067).In multivariate analysis,
presence of atrial fibrillation remained as a predictor for mortality. Predictors in previous
studies have been the preoperative NYHA class, congestive heart failure, advanced
age, associated coronary artery disease( 10, 11, 12,13,14).

Valve thrombosis occurred in 3.6%(n=6) of cases.Previous studies in the
literature have also reported onrates of2 to 4%(10,11,12,13) .All cases occurred beyond
initial 6 months . 3 cases were managed conservatively with thrombolytic therapy while 3
others underwent redo valve replacement . In those who underwent surgery, presence of
valve thrombosis was confirmed at surgery.

Cerebrovascular accidents occurred in 3.6%(n=6) of cases. This figure is in
accordance with previous studies (10,11,12,13).4 patients underwent CT scan which
-showed infarct in 3 and hemorrhage in one case. One patient died of the complication.

Among mitral prosthesis high prosthetic valve gradients, defined as mean gradient
greater than 10 mm of Hg occurred in 15.1 %.High gradients at aortic position defined as
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mean gradient greater than 30 mm ofHg occurred in 43.5% of valves replaced while all
tricuspid prostheses had high gradients, defined as mean gradient greater than 5 mm of
Hg , on longterm followup.
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LIMITATIONS
!.Retrospective nature of the study

2.Some patients who underwent valve replacement less than 18 years could not be
included in the study as followup was not available.

3.Study was not randomized regarding type of prosthesis

4.Though the study looked into prosthetic valve replacements in the younger age groups,
there were few patients in the very young age group;

.. ·.
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CONCLUSIONS
1. Congestive cardiac failure at time of surgery is significantly more in those undergoing
mitral valve replacement when compared to those undergoing aortic valve replacement

2.1n patients undergoing mitral valve replacement, rheumatic aetiology of mitral valve
disease is significantly associated with presence of atrial fibrillation at time of surgery
when compared to nomheumatic aetiology of the valve disease

3.Atrial fibrillation has significant association with the occurrence of congestive cardiac
failure and elevated right ventricular systolic pressure at time of surgery

4.Preoperative atrial fibrillation is a multivariate predictor of increased mortality on
longterm followup.

5.Presence of tricuspid prosthesis is significantly associated with the occurrence of
increased prosthetic valve gradients on longterm followup
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Tissue Doppler Imaging in The
Assessment of
Left Ventricular Systolic Function
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INTRODUCTION
Measurement of left ventricular systolic function has profound diagnostic and
prognostic significance in the cardiac evaluation. Various methods and measures are
available for its assessment. At cardiac catheterization, measurement of left ventricular
dp/dt and ejection fraction is possible invasively (1). Noninvasively, measurement ofleft
ventricular dp/dt by mitral regurgitant jet has been shown to correlate well with the
catheterization based dp/dt(2).0ther echocardiogram derived measures like mean systolic
wall stress(MSWS) and endsystolic wall stress (ESWS) are also useful . Recently tissue
Doppler derived measures of left ventricular systolic function like myocardial systolic
wave velocity(Sm), myocardial precontraction time (PCTm), contraction time (CTm) and
ratio of precontraction time by contraction time (PCTm/CTm) have also been reported in
several studies(3-6). However, no study has so far compared tissue Doppler derived
measures ofleft ventricular systolic function to invasively measure left ventricular dp/dt.
The measurement of left ventricular systolic function by these parameters has
some limitations. Ejection fraction is afterload-dependent. Echocardiographic assessment
of left ventricular dp/dt by mitral regurgitant jet may be difficult in those with inadequate
regurgitant jets or improper alignment. Measurement of Dp/dt is inaccurate in cases of
low aortic diastolic pressue and in situations of severe left ventricular dysfunction (7). It
is also relatively dependent on the preload.
By tissue Doppler imaging, global left ventricular systolic function can be
assessed by mitral annulus velocity, providing insights in terms of amplitude, velocity
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and timing in relation to the cardiac cycle and are known to correlate with the left
ventricular ejection fraction (5,6).
It was hypothesized by some authors that TDI velocities may be more sensitive
markers than EF for two reasons: firstly, because TDI indices are relatively preload
independent. Secondly, TDI derived annular peak velocities are known to increase
significantly at low dose dobutamine (lmicrograrnlkg/min) with no change in LVEF until
3micrograrnlkg/min.
However, no study has correlated these TDI indices with rate of pressure rise
(dp/dt) in LV during isovolumic contraction time, another sensitive marker of left
ventricular function. As the dp/dt has already been established as a prognostic marker in
many conditions, the possible correlation with these noninvasive TDI parameters will
have further therapeutic implications, especially in patients where noninvasive dp/dt
cannot be properly obtained. Therefore, this study was designed to assess the correlation
between TDI-derived parameters of LV systolic function and invasively and
noninvasively measured parameters like dp/dt and LVEF.
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AIMS & OBJECTIVES
To study the correlation of tissue Doppler derived. measures of left ventricular
systolic function with

1. catheterization based left ventricular dp/dt, and
2. echocardiographic measures like ejection fraction, and dp/dt measured from
mitral regurgitation jet.

MATERIALS AND METHODS
The study population consisted of patients who were planned for left ·heart
catheterizatiqn for unselected indications; Excluded are
1. patients with conditions that hampered accuracy of left ventricular dp/dt
measvrement like low aortic diastolic pressure (<60 mm of Hg) or severe left
ventricular dysfunction
2. patients with suboptimal left ventricular pressure tracing.
3. Patients who did not have adequate mitral regurgitant jets to allow calculation of
left ventricular dp/dt on echocardiography
Just prior to cardiac catheterization, patients underwent echocardiographic
evaluation. The left ventricular end-diastolic dimension, end-systolic dimension and
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ejection fraction were measured by M mode echocardiography. Those with adequate jets
of mitral regurgitation had noninvasive measurement of left ventricular dp/dt by methods
previously established. To minimize the degree of error in calculation of dp/dt due to
small differences in dt measured, a pressure difference of 60 mm of Hg (between jet
velocities 1 m/s and 4 m/s) was taken to calculate dp/dt.
Tissue Doppler imaging was performed with transducer frequencies of 1.8 to 3.6
MHz with minimal optimum gain as possible to obtain the best possible signal to noise
ratio. In the apical 4-chamber view a 5 mm pulse Doppler sample volume was placed at
the mitral annulus in the medial and lateral aspects of the annulus. In the two-chamber
view, 5 mm sample volume was placed each at inferior and anterior annuli. Incident
angle between the Doppler beam and the longitudinal motion of the ventricle was kept as
small as possible.
During systole, two waveforms were recorded on tissue Doppler analysis
(Figurel). They are called Sl and S2. Former represents the velocity of annulus motion
during the isovolumic contraction period of the ventricle and the latter the velocity of
annulus motion during the ejection period of the left ventricle. Both were measured in
cm/s. Time from the onset of the QRS complex on simultaneous ECG recording to the
onset of S2 was precontraction time (PCT). Contraction time represented duration of S2
(CT). "ijoth were measured in milliseconds (ms). Ratio ofprecontraction time/contraction
time (PCT/CT) was also measured and reported in percentage. Values for each parameter
obtained at each of the four annuli were averaged and the average value was taken for
subsequent analysis.The averages were designated at Sml Sm2, PCTm ,CTm and
PCTm/CTm.
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Figure1
At cardiac catheterization, all patients were subjected to left ventricular pressure
measurement. The left ventricle was entered retrogradely with 6 or 7 French pigtail and a
fluid-filled-catheter system was used for pressure measurement. An adequate optimally
damped waveform was obtained for measurement of left ventricular dp/dt. All tracings
were taken at paper speed of200mm/s to minimize errors of measurement of dp/dt.
Data was analysed using SPSS software (version 11, Chicago,Illinois, USA). The
differences between the groups were explored with the unpaired Student's t test. Linear
correlations were analysed by Pearson's bivariate two-tailed method. A p value less than
0.05 was considered significant.
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RESULTS
Baseline characteristics: 30 consecutive patients were enrolled in this prospective
study. 2 patients with suboptimal left ventricular pressure tracing were excluded after
cardiac catheterization. Out of the 28 patients analyzed, 20 were males. Mean age of the
patients was 48.9 ± 11.3years.

Table 1: Baseline characteristics
No. of patients
28
Males
20 (71.8%)
10 (35.1%)
Diabetes
Systemic Hypertension
7 (25%)
H/o smoking
16 (55.3%)
10 (35.!%
Previous MI

Conventional risk factors like hypertension, diabetes, smoking or dyslipidemia
for coronary artery disease were present in majority of patients. Ten patients were
diabetic, 7 had systemic hypertension, 16 were reformed or active smokers and 9 had
dyslipidemia.
Prior myocardial infarction, by history or by evidence on ECG or echocardiogram
was present in 10 patients. Eight patients had previous anterior wall myocardial infarction
and 2 had previous inferior wall myocardial infarction. Out of these, 6 patients had
definite or presumed myocardial infarction within the last one-year.
Coronary angiogram was done in all cases after the assessment of dp/dt and left
ventricular angiogram. 4 patients did not have significant coronary lesions, 8 had singlevessel disease, 7 had two vessel disease and 9 had three vessel or left main coronary
disease.
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Ejection fraction: Average ejection fraction of the whole group was 59.74 ± 12.86 %.
8 patients had ejection fraction less than 45%. Average ejection fraction in the low
ejection fraction group was 41.8 ± 3.6%. Average ejection fraction for the other group
was 67.3 ± 5.4%. There was significant association between presence of reduced ejection
fraction and previous anterior wall myocardial infarction (p0.02).
There was significant correlation between ejection fraction and left ventricular
dp/dt measured invasively (r 0.799, p<O.OOl). Dp/dt measured by mitral regurgitant jet
also significantly correlated with ejection fraction (r=0.684, p<O.Ol).
Sml velocities did not show any correlation with ejection fraction.
Sm2 velocities had significant positive correlation with ejection fraction (r=
0.526, p= 0.005) (Figure 2).
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Average ofprecontraction time (ms) had significant negative correlation with
ejection fraction (r= 0.574, p 0.002) (figure 3).
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Average of precontraction/contraction time (%) had significant negative
correlation with ejection fraction (r-.630, p <0.001).

Catheterization-derived left ventricular dp/dt: The average left ventricular
dp/dt for the whole group was 1206 ± 326.7 mm of Hg/s. Average for the group with
ejection fraction

45% was 817 ± 34.2 mm of Hg/s and for the group with ejection

fraction greater than 45% was 1369 ± 241.8 mm of Hg/s. Sm2 velocities showed
significant correlation with dp/dt (r0.469, p 0.014) (Figure 4).
There was no significant correlation between dp/dt and Sml.
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Dp/dt showed significant negative correlation with precontraction time (nis) (r0.499,p 0.008) (Figure 5).
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Ratio of precontraction time/contraction time had significant negative
correlation with dp/dt (-0.521, p0.005) (Figure 6).
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Dp/dt measured by mitral regurgitation jet: The average dp/dt for the
whole group was 1091 ± 243.2 rnrn of Hg/s. Average dp/dt for those with ejection
fraction 45% was 834 ± 44.1 rnrn of Hg/s and those for ejection fraction greaer than
45% was 1250 ± 161.4 rnrn ofHg/s.
There was no significant correlation between dp/dt and Srn1 velocity. There was
significant correlation between dp/dt and Srn2 (r0.781 p 0.001) (Figure 7).
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There was significant inverse correlation between dp/dt and precontraction time
(ms) (r -.575, p0.006) (Figure 8). There was significant negative correlation between
dp/dt and ratio of precontraction time/contraction time (r-0.665 p0.001) (Figure 9).
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Sml velocity: Sml for the whole group was 3.33 ± 1.27 em/sec. For patients
with ejection fraction 45%, Sml was 3.38 ± 0.916 em/sec and for patients with ejection
fraction greater than 45% was 3.32 ± 1.41 em/sec. This parameter did not show
significant correlation with other parameters of left ventricular systolic function measured
in this study.

Sm2 velocity: Sm2 velocities for the whole group was 6.81 ± 1.62 cm/s. For the
group with ejection fraction less than 45%, the Sm2 velocity was 5.25 ± 0.89 cm/s and
for patients with ejection fraction greater than 45% Sm2 velocity was 7.47 ± 1.39
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em/sec. There was significant correlation between Sm2 and left ventricular dp/dt
measured invasively (r0.469, p0.014) and by mitral regurgitation jet (r0.781 p<O.OOl).
There was also a significant correlation between Sm2 and ejection fraction by
echocardiography (r0.526 p<0.005). Sm2 had significant negative correlation with
precontraction time (r-0.441 p0.021) (FigurelO) and the ratio ofprecontraction time by
contraction time (r -0.515 p0.005) (Figure11 ).
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Precontraction time: The average precontraction time for the whole group was 65.2
± 14.8 ms. In those with ejection fraction less than 45%, the average precontractiou time

was 77.5 ± 19.1ms and in those with ejection fraction greater than 45%, it was 60 ± 8.8
ms.
Precontraction time had significant negative correlation with ejection fraction (r0.574 p0.002), invasively .measured dp/dt (r-0.499 p0.008) and echocardiographically
measured dp/dt (r-0.575 p0.006). There was also significant negative correlation between
Sm2 velocities and precontraction time (r-0.441, p0.021).

Contraction time: The average contraction time for the whole group was 317 :l:: 37.7
ms. In those with ejection fraction less than 45%, it was 297.5 ± 34.3 ms and in those
with ejection fraction greater than 45% it was 325.2 ± 36.1ms. Contraction time did not
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have significant correlation with any of the parameters of left ventricular systolic function
assessed in this study.

Precontraction time/contraction time: The average value for the whole group
was 20.85 ± 6.2%. In those with ejection fraction less than 45%, it was 26.9 ± 8.1% and
in those with ejection fraction more than 45% it was 18.2 ± 2.7%.
There was significant negative association between the ratio and dp/dt measured
invasively (r-0.521 p0.005) and that measured by mitral regurgitant jet (r-0.665 p0.001).
The ratio also had significant

negative association with ejection fraction (r-0.63

p0.001).There was also significant negative association between Sm2 values and this
ratio (r-0.515 p0.006).
Table 2: Comparison of various parameters in patients with EF >45% and 45%
Parameter

EF 45% (n= 8)

EF >45% (n=20)

Sm1 (em/sec)

3.38 ± 0.92

3.32 ± 1.41

Sm2 (em/sec)

5.25 ± 0.89

7.47 ± 1.39

. 817.7±34.2

1369.6 ± 241.8

Cath dp/dt (mm Hg/sec)

1249~8

± 161.4

MR dp/dt (mmHg/sec)

834 ± 44.1

Pet (msec)

77.5 ± 19.1

60± 8.8

Pct/Ct(%)

26.9 ± 8.2

18.3 ±2.7
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DISCUSSION
This prospective study assessed invasive and noninvasive parameters of left
ventricular systolic function, with particular emphasis to its correlation with tissue
Doppler parameters of LV systolic function. The study was unique in being the first one
to assess the correlation between systolic mitral annular velocities and rate of left
ventricular presue rise during isovolumic contraction time, i.e., dp/dt.
LV systolic function is primarily dependent on three main parameters- preload,
afterload and contractile state of the myocardium (7). Preload can be assessed from the
left ventricular filling pressure, left ventricular end-diastolic volume, or LV end-diastolic
wall stress. The pressure distending the ventricle immediately before contraction is the
end-diastolic pressure and in the absence of mitral valve disease it reflects the
simultaneous left atrial pressure.
Afterload represents the resistance against· which the LV has to pump during
systole. Systolic blood pressure is the simplest measure of the afterload. But it is not a
pure measure of the afterload. The tension in the ventricular wall that the sarcomeres
must overcome to shorten is related not only to the systolic pressure but also to the cavity
size through the Laplace relation. Furthermore, the arterial systolic pressure depends not
only on the characteristics of the arterial circulation but also on the pumping perfonnance
of the left ventricle. The more vigorous the LV contraction, the larger the volume ejected
and higher the systolic pressure. Measurement of the systemic vascular resistance is
another indirect measure of the afterload, but it does not account for the pulsatile
elements of arterial flow(?).
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Contractility is an inherent property of the ventricular myocardium. But it is
influenced by various factors like preload, afterload, sympathetic tone etc. Measures of
contractility by invasive means can be broadly divided as isovolumic indices and ejection
phase indices. The former are parameters measured during isovolumic contraction period
of the ventricle. Isovolumic indices are maximum dP/dt, maximum (dP/dt)/P, and

.

(dP/dt)/P at P=40 mm ofHg (7) .

LV dP/dt max is highly sensitive to acute changes of LV contractility. Under
normal conditions, dP/dt max occurs before aortic valve opening: thus it is not altered by
alterations in aortic pressure. However, it maybe delayed until after aortic valve opening
in those with severe LV systolic dysfunction, or marked arterial vasodilatation with very
low aortic diastolic pressure (7). In the absence of these conditions, dP/dt max can be
considered to be relatively independent of the afterload. However, dP/dt max is very
S¥nsitive to changes in preload. But a change in dP/dt max without a change in preload or
with an opposite change in preload indicates alteration in contractility (7).
Invasively measured dP/dt max is ideally measured using micromanometer tip
catherters. These catheters give frequency response more than 40 Hz and are esp(;lcially
useful to note instantaneous pressure changes like those occurring during measurement of
-~~---------~--~------------~---
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LV dP/dt. But such catheters are not widely available.
Of the ejection phase indices for the measurement of left ventricular systolic
function, the most widely used is ejection fraction. This parameter is sensitive to changes
in afterload, and maybe considered to represent a measure of systolic LV function rather
than a ·measure of contractility (7).0ther indices like LV stroke work, mean normalised

-~

--------~

61

systolic ejection ratio (MNSER) , LV endsytolic pressure volume relationship etc. are
usually ~one only for research purposes and of little everyday practical utility.
Echocardiography has greatly simplified assessment of LV systolic function.
Parameters measured are ejection fraction (by M mode and by Simpsons's method),
fractional shortening, dp/dt by mitral regurgitation jet, mean systolic wall stress (MSWS),
endsystolic wall stress (ESWS),mean normalized systolic ejection ratio(MNSER).Of
these, ejection fraction measurement is the easiest and most widely employed.
To calculate dp/dt based on mitral regurgitation jet, time taken for the jet to
accelerate between velocity of lm/s to a velocity of 3m/s is taken, which corresponds to a
pressure difference of 32 mm of Hg(2). This pressure difference divided by time
taken( sec) gives dp/dt in mm ofHg/s.In this study, time taken for the jet to accelerate to a
velocity of 4m/s from 1 m/s was taken to minimize errors in measurement of dp/dt.
Tissue Doppler imaging(TDI) is emerging as a valuable tool in the measurement
of LV function, both systolic and diastolic(3-5).Unlike conventional Doppler signals
which are characterized by high velocity and low amplitude, myocardial motion is
characterized by low velocity, high amplitude signals. Tissue motion creates Doppler
shifts that are approximately 40 dB higher than Doppler signals from blood flow whereas
velocities rarely exceed 20cm/s. To record low wall motion velocity, gain amplication is
reduced and high pass filters are bypassed with tissue signal directly received (4).
There are three modalities of TDI. They are spectral pulse wave Doppler, two
dimensional and M mode colour Doppler (4).
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In spectral Doppler which was used in this study, tissue velocities moving toward
the transducer are registered as positive, and those moving away as negative. A typical
spectral tissue Doppler imaging will have two positive waves in systole and three
negative waves during diastole.
The initial systolic wave is termed S 1 and represents velocity of myocardial
motion during isovolumic contraction period. The second systolic wave is S2 and
represents myocardial motion during ejection phase. Time from onset of surface QRS to
onset of S2 is the precontraction time (PCT), and duration of S2 is the contraction time
(CT).
In colour TDI, red encodes wall motion towards the transducer (positive
velocities) while blue encodes for motion away from the transducer (negative velocities).
In contrast to spectral TDI, endocardial and epicardial velocities can be separately
analysed. Peak and mean velocities, time velocity integral, and regional time intervals
can be measured in each myocardial segment, in each myocardial layer, and in each
phase ofthe cardiac cycle (4).
In normal hearts, endocardium moves faster than the epicardium. The consequent
velocity gradient across the thickness of the wall from the endocardium to the epicardium
reflects the rate of change in wall thickness and is equivalent to the strain rate. Systolic
myocardial velocity gradient is an indicator of regional myocardial contraction that is
independent of the translational motion of the heart.
Strain and strain rate imaging are TDI modalities that are now available in real
time( 8,9). Strain rate measures rate of deformation of a tissue segment Peak systolic
strain rate represents the maximal rate of deformation in systole. Strain is obtained by
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integrating strain rate over time and represents deformation of a tissue segment over time.
Systolic strain is positive and blue encoded when there is regional expansion. This is
thickening in parasternal views and lengthening in apical views. Negative systolic strain
is yellow-red encoded to denote regional systolic compression, which is thinning in
parasternal views and shortening in apical views. Infarcted myocardium does not show
shortening or lengthening activity and shows no or minimal systolic strain rate or strain,
which is displayed as green (8).
In the parasternal views, velocities are lower in the anteroseptal wall than in the
posterior wall. In the apical views, the longitudinal velocity increases from base to apex.
There was significant correlation between ejection fraction and LV dp/dt
measured invasively. This correlation has been reported in previous studies. Pai et ell in a
study of 70 patients with chronic severe mitral regurgitation found that LV dp/dt
measured by micromanometer catheters correlated strongly with the ejection fraction and
other measures of systolic function like mean systolic wall stress, endsystolic wall stress,
endsystolic LV dimension (1).
The significant correlation of ejection fraction with LV dp/dt derived from mitral
regurgitation jet observed in this study has been reported previously. Bargiggia et al (2)
studied 50 patients in normal sinus rhythm with colour Doppler proven mitral
regurgitation. Patients underwent measurement of ejection fraction on echocardiography,
assessment of LV dp/dt by mitral regurgitation jet and LV dp/dt measured at cardiac
catheterization. There was linear correlation between dp/dt measured by mitral
regurgitation jet and ejection fraction (r=0.79,p<O.Ol) as well as with invasively
measured dp/dt (r=0.87,p,<O.Ol). In this study the time interval between acceleration of
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jet velocity through 1rnls to 3 rnls was taken, while in our study time interval between
acceleration of jet velocity through 1 rnls to 4rnls was taken for calculation of dp/dt to
minimize errors in its calculation.
There was no significant correlation between ejection fraction and Sml.Sm1 is a
motion velocity recorded during the isovolumic phase of systole while ejection fraction is
a ejection phase index. Sm1 measi.rrement is markedly dependent on the exact site of
sample volume placement. Being a low velocity wave the reproducibility of this
parameter is limited. These reasons may account for the absence of correlation between
dp/dt and Sm1, which are concurrent events.
The significant correlation between ejection fraction and Sm2 as seen in this study
has been reported in previous studies. Mitral annulus primarily reflects longitudinal
motion. Several investigators have shown positive correlations between left ventricular
ejection fraction and six-site average peak systolic mitral annular velocity (3,4, 10). Alam
et al studied the correlation of ejection fraction and average S2 values in 76 patients
postmyocardial infarction. When the patients were divided into different subgroups with
respect to an ejection fraction greater or less than 50%, a cut-off of mean systolic mitral
annular velocity of greater than 7.5 crnls had a sensitivity of 79% and specificity of 88%
in predicting a preserved global LV systolic function. (11)
10 patients in this study had previous myocardial infarction. Quantification of
regional wall motion is possible by TDI, but was not attempted in this study. Myocardial
strain rate and strain have the potential to discriminate acute from chronic ischaemia and
myocardial infarction(8,9). Infarcted myocardium is characterized by reduced systolic
and diastolic velocities, deformation rates and myocardial velocity gradient and by the
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loss of the homogenous distribution of systolic strain rate from apical to basal segments
(9).
Ejection fraction had significant negative correlation with precontraction time.
This has been reported in previous studies.Agricola et al (12) studied 65 patients with
chronic severe mitral regurgitation. They found that a preoperative valve of
precontraction time more than 90 milliseconds predicted postoperative left ventricular
ejection fraction less than 45% with 78% sensitivity and 86% specificity. The
hemodynamic correlate of precontraction time is pre-ejection time measured at cardiac
catherterisation and on colour-M mode echocardiography, which has well-recognized
inverse correlation with LV systolic function.
There was significant negative correlation between ejection fraction and
precontraction time/contraction time (PCT/CT). This is in accordance with the previously
mentioned study of Agricola et al. In that study, a value of the ratio greater than 45% had
a sensitivity of 84% and specificity of 86% in predicting postoperative reduction of
ejection fraction greater than 45%. The hemodynamic correlate of this ratio is the preejection period/ LV ejection time (PEP/LVET) as derived by cardiac catherterisation or
M mode echocardiography.
Sm2 veloctity showed significant correlation with precontraction time and
precontraction time/contraction time. This has been previously reported. Mandarmo et
al(13) reported that S2 velocity had significant inverse correlation with precontraction
time (r= -0.786,p <0.01) and precontraction time/contraction time (r= -0.642, p<O.Ol).
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Correlation between invasively measured dp/dt and TDI parameters has not been
reported. This study found significant correlation between Sm2 velocity, precontraction
time and precontraction time/contraction time measured by TDI and invasively measured
dp/dt. Dp/dt measured by mitral regurgitation jet had significant correlation with Sm2
velocity, precontraction time and precontraction time/contraction time. This has not been
previously reported.
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LIMITATIONS
1. .Dp/dt invasively was measured by fluid filled catheters and not by
micromanometer-tipped catheters
2. Sample size was limited
3. Majority of the patients had coronary artery disease; the effect of segmental
motion abnormalities on the annular velocities was not taken into consideration.
However, this has been minimized by assessing the average of the annular
velocities.

CONCLUSIONS
1. Tissue Doppler imaging can reliably measure left ventricular systolic functic·n.
2. There is good correlation between TDI derived measures of left ventricular
systolic function and dp/dt (measured both invasively and noninvasively) and
ejection fraction measured by echocardiography
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