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Introduction 

Rheumatic heart disease still continues to be the commonest heart 

disease in pregnant women in many countries. Mitral valve disease is the most 

common form of organic heart disease encountered in India during pregnancy 

and majority of these patients have mitral stenosis (MS), which contributes 

significantly to morbidity in pregnancy. Mitral stenosis leads to significant 

maternal and fetal mortality and morbidity. 

Normal pregnancy is associated with a hyperdynamic circulatory state 

characterized by an increase in blood volume, heart rate and stroke volume, 

and a decrease in systemic vascular resistance. This increase in cardiac output 

(usually about 50%) may lead to the unmasking of a previously asymptomatic 

valve lesion and worsening of already symptomatic lesions. In patients with 

mitral stenosis, increased blood volume and tachycardia impair left atrial 

emptying and can lead to a significant rise in the pulmonary veno-capillary 

pressure. 

This hemodynamic stress, along with other factors like anemia, atrial 

fibrillation and thromboembolism, may precipitate acute pulmonary edema 

and cardiogenic shock with unacceptable maternal and fetal mortality. In spite 

of the increase in cardiac output and heart rate occurring after the eighth week 

of pregnancy, most pregnant women with mitral stenosis can be adequately 

treated with medical therapy. 
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Introduction 

However, sometimes an invasive procedure is mandatory to provide a 

favorable pregnancy course. Surgical mitral valvotomy has been performed in 

many critically ill pregnant women. Closed or open surgical commissurotomy, 

however, carries a significant morbidity. 

Balloon mitral balloon valvuloplasty (BMV) has been established as an 

alternative to surgical mitral commissurotomy in the treatment of most 

patients with symptomatic rheumatic mitral stenosis. Previous reports have 

demonstrated that BMV can be performed safely during pregnancy in patients 

with severe mitral stenosis without significant maternal risk or fetal morbidity 

or mortality. However, at the present time, there are few data on long-term 

follow-up results after PMV in larger patient populations of pregnant women. 
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Aims & Objectives 

1. To assess the immediate results, complications and long term outcomes 

in patients undergoing BMV in pregnancy and to compare the data with 

a group of age matched non pregnant patients undergoing BMV during 

the same period. 

2. To assess the maternal, fetal morbidity and mortality. 

3. To assess growth and development of children born out of the 

pregnancy. 

3 





Review of Literature 

Although rheumatic heart disease is decreasing worldwide and has 

become a rare entity complicating in pregnancy in affluent societies, it is still 

prevalent in the developing world. Rheumatic heart disease remains the most 

common type of heart disease in pregnant women in many countries, and up to 

75% of these patients have mitral stenosis. 1-6 

Pregnancy is a hyper dynamic state characterized by an increase in 

cardiac output, heart rate, and oxygen consumption. The hemodynamic 

changes associated with pregnancy may be viewed as normal adaptation to the 

15% to 20% increase in oxygen consumption required by the fetus. During the 

first trimester, blood volume increases up to 60% above values in the non­

pregnant state. Cardiac output begins to rise during the first 1 0 weeks, 

reaching a peak 30% to 45% above the resting, non-pregnant state by around 

the 20th week. The increase in cardiac output is associated with a fall in 

systemic vascular resistance, which results in either a fall or no change in 

blood pressure, and a widened pulse pressure. Mean heart rate raises, average 

10-20 beats/min faster at term; the majority of this increase occurs by the 

eighth week. These changes are most significant between the 24th and 26th 

week of gestation and can be explained by an increase in blood volume, the 

presence of a placental arteriovenous fistula and the hormones produced by 

the fetus and the placenta. 7• 8 
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Review of Literature 

The normal mitral valve has no pressure gradient across it, and the 

increased cardiac output of pregnancy is well tolerated. However, in mitral 

stenosis a gradient develops between the left atrium and ventricle, the 

magnitude of which depends on the severity of the stenosis and blood flow. 

Thus at a given severity of mitral stenosis the gradient depends on flow. This 

flow is equivalent to cardiac output and is determined by heart rate and 

diastolic filling period. Thus as cardiac output increases during pregnancy, 

mitral valve flow increases resulting in an increased gradient across the valve. 

The resultant increase in left atrial pressure causes pulmonary venous 

hypertension and an increased risk of pulmonary oedema. The pulmonary 

arterial and right ventricular pressures are elevated and right ventricular failure 

eventually may ensue. The presence of MS in pregnancy leads not only to low 

systemic perfusion, but also pulmonary congestion in as many as 25% of 

• 7-11 patients. 

During labor and delivery, extra demands are placed on the 

cardiovascular system. The cardiac response to pain during contractions and 

the increased amount of blood returning to the heart from the contracting 

uterus represents an additional 20% rise in cardiac output. The largest fluid 

shifts occur after delivery when the normal pregnant patient (due to shift of 

blood from placenta) may experience an increase in cardiac output of up to 

65% during the immediate postpartum period. 
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Review of Literature 

In addition, tachycardia resulting from pain, stress of labour, 

inappropriate vasodilatation or prostaglandin-agonist therapy can precipitate 

pulmonary oedema in women with mitral stenosis. 10· This occurs as 

tachycardia is accompanied by a disproportionate reduction of diastolic filling 

period across the mitral valve and results in elevated left atrial pressures with 

consequent increased risk of pulmonary oedema. 7-11 

The stenotic mitral valve also limits forward flow and results in 

tiredness and fainting. Concomitant aortic valve disease, anemia and cardiac 

arrhythmias may further aggravate the abnormal hemodynamics of mitral 

stenosis. Atrial irritability may be increased during pregnancy and atrial 

fibrillation can lead to catastrophic pulmonary edema during late pregnancy as 

well as thrombus formation and additional risk of cerebrovascular 

b 1. . 7-11 em o 1zat10n. 

It is therefore not surprising that mitral stenosis in pregnancy, if not 

treated appropriately, is associated with a high maternal and perinatal 

mortality. The rate of maternal death rate is nearly 1% and varies directly with 

NYHA class (0.4% in class I or II, 6.8% for class III or IV). The highest risk is 

during the intrapartum and postpartum- period. In the presence of atrial 

fibrillation maternal mortality is further increased to 14-17%. Similarly, 

perinatal mortality rates are low in class I-II but increase in class III-IV to 12-

31%. 2-6 
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Review of Literature 

Ideally if severe symptomatic MS is diagnosed in a non-pregnant 

woman desiring pregnancy, it should be treated by percutaneous mitral 

valvotomy or surgical interventions before the patient conceives. However, for 

several reasons, this is not always possible. Many of the patients will be 

detected to have MS during pregnancy for the first time. 

MEDICAL THERAPY 

During pregnancy patients with severe MS presents a challenging 

problem because of a high rate of fetal and maternal complications. Although 

medical treatment is always recommended as first-line therapy, the 

medications have their own limitations. One must consider also the untoward 

effects of some drugs in this particular setting. Diuretics are known to 

decrease placental perfusion. The tachycardia is of sinus origin and is 

unresponsive to digoxin because the increased sympathetic tone in pregnancy 

overrides the vagal effect of digoxin. 12• 13 

Beta blockade is often effective in slowing the exertional tachycardia 

and may allow pregnancy to continue without the need of intervention. 

However, some patients are not able to tolerate a dose of beta-blocker 

sufficient to prevent tachycardia due to unacceptable hypotension developing 

even at low doses and also there have been reported serious adverse effects 

from beta-blockers on the fetus and neonate. 
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Review of Literature 

Beta -blocker therapy in pregnancy has been reported in largely 

uncontrolled retrospective studies to be associated with fetal growth 

restriction, bradycardia or hypoglycemia in the newborn infant. However, 

studies using beta blockers, such as atenolol, indicate that growth restriction is 

not significant if exposure is minimal and confined to the latter part of 

pregnancy. 14' 15 

INTERVENTIONS IN MS IN PREGNANCY 

Relief of mitral valve obstruction is needed when symptoms persist 

despite medical therapy. Surgical mitral valvotomy, closed (CMV) or open 

(OMV) has a significant risk of fetal death. With open surgical 

commissurotomy performed under general anesthesia and extracorporeal 

circulation, fetal mortality is between 15 and 33%. Closed commissurotomy 

carries a lower risk to the fetus, although a 5% to 15% of fetal loss has been 

associated with this technique as well 16-19• Zitnik et al have reported a 5% 

rate of maternal mortality and a 33% of fetal mortality in 22 pregnant women 

undergoing closed mitral commissurotomy. 18 . Becker et al described one 

death and 20% of fetal loss in 68 patients after surgical mitral 

commissurotomy19• However, the closed procedure is thought to be less 

· effective than the open commissurotomy and may be more difficult in cases of 

severe stenosis, calcification, thrombi, or regurgitation. 

8 
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In addition, surgical expenence with closed commissurotomy has 

declined over the last few decades because the technique has been largely 

replaced by open commissurotomy or percutaneous techniques m most 

centers. 

BMV IN PREGNANCY 

BMV is an effective alternative for the management of patients with 

mitral stenosis during pregnancy. It was first performed by Inoue. et al in 

1984 20 and has proved to be a safe procedure for the mother and the child, 

with outstanding short term results. The Inoue technique seems to be 

particularly attractive as fluoroscopy time is short in this method. A 

comparison of BMV with CMV has shown equivalent efficac/1 •• The hazards 

of BMV are related to hemodynamic changes during the procedure, radiation 

hazards and complications like MR and pericardia! tamponade. 

The hemodynamic risks during BMV are due to hypotension from 

compression of the inferior vena cava when the mother is in the supine 

position for a prolonged period and or because of prolonged inflation and 

deflation of the balloon during dilatation of the mitral valve. This may cause 

fetal distress, leading to an increased likelihood of delivery by cesarean 22 . 
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Depending upon the dose level, radiation during pregnancy may result 

in intrauterine growth restriction, microcephaly, leukemia later in life, and 

other malignancies. Avoidance of BMV during organogenesis, the use of an 

abdominal shield, and avoidance of left ventricular angiography have 

significantly reduced the hazard of radiation to mothers and fetuses. The 

average estimated radiation dose received by the fetus during BMV procedure 

is 0.2 rad, which is much below the allowed safe dose of 5 rad. Therapeutic 

abortion is recommended when the fetus is exposed to 10 rad or more 23• 24• 

Farhat et al reported no clinical abnormalities in 44 children whose mothers 

had been submitted to a BMV after a follow-up of 28 months25 

In pregnant women, some technical problems may be encountered 

during the BMV procedure. The hypercoagulable state in pregnancy 

necessitates a quick transseptal puncture, after which heparin can be 

administered. The gravid uterus may compress and distort the inferior vena 

cava, making passage of catheters difficult. The elevated diaphragm near term 

may alter the usual lie of the interatrial septum, making it more horizontal. 

This is crucial to assess before performing the transseptal puncture. The high 

cardiac output state of pregnancy produces higher gradients across the MV, 

which should be kept in mind while assessing the result of BMV during the 

procedure. 26-29 
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BMV can be performed whenever possible, starting from the 12th week 

of gestation, to avoid the inherent risks of radiation (organogenesis). However, 

in the presence of unstable clinical conditions, BMV can be performed 

irrespective of gestational age. Successful BMV during pregnancy should 

improve the patient's clinical condition, permitting a pregnant woman to 

return to NYHA functional class I or II as a consequence of improved 

hemodynamics and MV A. BMV should permit gestation to reach full term, 

offering the fetus good conditions for adequate intrauterine development and 

better clinical conditions to the mother until and during delivery. 26-29 

BMV IN PREGNANCY- PROCEDURAL DETAILS 

Since BMV in pregnancy is a technically demanding procedure it 

should be undertaken by operators who are well experienced in BMV 

procedures. BMV is performed in the fasting state in the catheterization 

laboratory. Preferably it should be done in the morning hours as the patient is 

fasting overnight. Surgical and gynecology back-up is usually arranged and 

ready. 
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To limit fetal radiation exposure, all patients had their abdomen 

shielded with lead sheets from the diaphragm to pubic symphysis. There are 

lead shields available for this purpose. We attach two lead shield sheets 

together using a adhesive tape and that is used to cover the anterior abdomen. 

The posterior body is protected by a lead sheet on which the patient will be 

lying on. The lead shields used for covering the anterior abdomen should be 

light, so that it will not compress the gravid uterus. 

Limiting fluoroscopy should be one of the pnmary atms m 

performing a BMV in pregnancy. Fluoroscopy time should be monitored 

during the procedure & fluoroscopy should be used only when absolutely 

necessary. Left ventriculography & right heart catheterization are usually 

avoided to reduce the fluoroscopy time. 

All BMV procedures are usually performed under local anesthesia with 

the Inoue (or similar balloon) technique using the transseptal, anterograde left-

sided cardiac approach. Maximum balloon size possible is determined 

according to the patients' height. (height in centimeters/10 + 10). 30 Right 

femoral artery and venous access is obtained. Initially a GL or Multipurpose 

. I 
\ / 

catheter is introduced into the innominate vein and using an exchange length 

0.35 guidewire this is exchanged for a Mullins sheath or dilator. It is always 

good to obtain a blood sample to assess the SVC saturation which will give an 

idea about the hemodynamic status about the patient. 
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Then the Brockenbrough septal puncture needle is introduced into the 

Mullins sheath and simultaneously the assistant puts the pigtail catheter in the 

non-coronary sinus of the aortic root. Septal puncture is done usually in lateral 

view and LA is entered. Then left atrial pressure is recorded. Then the pigtail 

shaped LA wire is introduced into the LA, septum is dilated and Heparin 100 

IU/Kg intravenously will be given. Then the balloon is introduced and MV 

dilatation is done. 

Stepwise dilatations of 0.5 mm will be done until a successful result is 

obtained or any evidence of increasing mitral regurgitation. A successful 

optimal outcome was defined as a final post-BMV mitral valve area (MV A) of 

= 1.5 cm2 or an increase in MV A of =50% compared with the MV A before 

BMV in the absence of severe MR 30• 31. 

SHORT & LONG TERM OUTCOMES-BMV IN PREGNANCY 

Gupta et al in series of 40 pts with BMV in pregnancy demonstrated a 

procedural success of 97.5% (39/40). Eleven patients, in whom BMV was 

performed before 20 weeks of pregnancy, subsequently underwent medical 

termination of pregnancy uneventfully. 18 patients had a normal delivery, 3 

underwent cesarean section for fetal distress, one had a preterm delivery, and 

there was one stillbirth. Full term delivery data were available in 23 babies­

all were healthy without any complications32. 
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Nercolini et al in a series of 44 consecutive BMV in pregnant patients 

showed a procedural success in 95% of the patients with no major 

complications. Data available form 37 patients showed that 30 pts (81 %) 

reached term and delivered normal infants. 7 pts (18.9%) delivered 

prematurely, resulting in two fetal deaths; one patient delivered a stillborn. 

Both studies proved the efficacy and safety of BMV in pregnant patients. 33· 

Mangione et al followed up 23 pts for 5.33 ±6 3.12 years, 91% of them 

were in FC I and II. Two patients (9%) who had remained in FC III underwent 

a repeat successful BMV; no further surgery was required. There were no 

embolic events or death related to the procedure. Echocardiography showed an 

initial increase in mitral valve area from 1.14± 0.22 cm2 to 2.01± 0.21 cm6 (P 

< 0.0001). During long-term follow-up, it decreased to a mean of 1.75 ± 0.24 

cm2 (P < 0.0001). 21 children (96%), aged 4.91 ± 2.8 years, showed normal 

growth and development, and no clinical abnormalities were observed. 34· 

S.N. Routray et a1 in study ofBMV in 40 pregnant women showed that 

Mitral valve area increased from 0.82 ±0.34 to 1.9 ±0.4 cm2 (P-0.001). One 

patient had pericardia! tamponade. Mean fluoroscopy time was 5.5±3.8 min. 

There was one stillbirth, no maternal death/abortion/intrauterine growth 

restriction. Al139 babies were normal at birth. One baby died at 7 months due 

to pneumonia. On follow up for 36±15 months, all 38 babies maintained 

normal growth and development without any thyroid disease or malignancy. 36· 
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Esteves et al in their study of 71 consecutive pregnant women 

who underwent BMV- Reported procedural success of 1 00% with a 

significant increase in mitral valve area from 0.9±0.2 to L0±0.3 cm2 (p 

<0.001). At the end of pregnancy, 8% of the patients were in New York Heart 

Association functional class I or II. At a mean follow-up of 44 ± 31 months, 

the total event-free survival rate was 54%. The mean gestational age at 

delivery time was 38± 1 week. Preterm deliveries occurred in 9 patients 

(13%), including 2 twin pregnancies. The remaining 66 of 75 newborns (88%) 

had normal weight (mean 2.8 _ ±0.6 kg) at delivery. At long-term follow-up of 

44 ± 31 months after birth, the 66 children exhibited normal growth and 

development and did not show any clinical abnormalities. 37 

Harikrishnan et.al reported the data of 36 patients from our 

hospital, showed a procedural success rate of 97.2% (35/36) with no maternal 

mortality. All patients symptomatically improved & had uneventful deliveries. 

The children had normal growth and development at a follow up of 2.8± 3.3 

years. 38· 
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Patients & Methods 

Study Population 

Cases 

The study included 63 pregnant patients who underwent balloon mitral 

valvuloplasty (BMV) in our center from December 1996 to December 2009. 

They were considered for BMV because of severe mitral stenosis with 

uncontrolled symptoms with use of beta-blockers, diuretics, or digoxin, or a 

combination of these. All subjects gave informed consent, and the risk 

associated with the procedure was explained, including the risks related to 

radiation exposure to the fetus. The clinical, echocardiographic and 

hemodynamic data of these patients were collected from the medical records 

department and analyzed retrospectively. Clinical and echocardiographic 

evaluation was performed in all patients at follow-up. All patients were asked 

to have their deliveries in a tertiary care center where the services of a 

cardiologist and a neonatologist/pediatrician were available. 

After delivery, patients were called for evaluation after 2 months. 

Details regarding mode of delivery and perinatal events were collected from 

the patients and analyzed. All patients were contacted by mail and were asked 

to report for review with the children. The patients underwent detailed clinical 

and echocardiographic evaluation, and the children had assessment of their 

growth and development parameters. 
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Patients & Methods 

Controls 

Age and year of procedure matched 121 non pregnant female patients 

who underwent BMV in our centre from December 1996 to December 2009 

were selected randomly and included in the study. The clinical, 

echocardiographic and hemodynamic data, including follow up data of these 

patients was collected from the medical records department and analyzed 

retrospectively. The base line characteristics, immediate results, 

complications, follow up data were compared between the cases and controls. 

Methods 

Echocardiographic analysis: 

All patients underwent detailed trans-thoracic echocardiographic (TTE) 

assessment, including 2D imaging, Doppler studies &color flow mapping. The 

suitability of the valve was assessed by mitral valve morphology, commissural 

calcium, subvalvar pathology & mitral regurgitation. The scoring system of 

Wilkins et al was used to classify valves into either high or low risk. 39 

For pregnant group trans-esophageal echocardiography(TEE) was 

performed only in patients with AF and in those in whom there was a 

suspicion of left atrial clot on TTE. For the controls TEE was routinely done 

prior to procedure. TTE was done during BMV, 24 hours after the procedure 

and at follow up visits. 

17 



Patients & Methods 

Balloon mitral valvuloplasty 

All procedures were done with standby facility for open- and closed­

heart surgical procedures. BMV was performed using the anterograde trans­

septal technique as described. 20 We have been using two types of balloon 

catheters for BMV - the triple lumen Inoue (Toray Inc., Houston, Texas) 

balloon ( up to 1999) and double lumen Accura balloon (Medical concepts, 

Bangalore, India). Maximum balloon size possible was determined according 

to patients' height. 30 

Definitions 

Procedural success was defined as an increase in mitral valve area of 

50% over the baseline or a valve area of at least 1.5 cm2, with no significant 

increase in mitral regurgitation (=2 grades). Restenosis was defmed as a loss 

of> 50% of the initial gain in mitral valve area. Event free survival is defined 

as the survival with freedom from NYHA functional class III/IV, re­

intervention (BMV/MVR), cardiac death or stroke/TIA. 30' 31 

Preterm was defined as babies born before end of 3 7 weeks of gestation 

(less than 259 days) and low birth weight (LBW) was defined as birth weight 

of less than 2.5 Kg (up to and excluding 2499gm). 40 Malnutrition was graded 

as per the lAP classification using ICDS growth chart as recommended by 
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Patients & Methods 

lAP, Stunting was graded as per the Water low's classification, Microcephaly 

was defined as <2SD from expected. 41 •42 

Follow up: 

For analysis, interim follow up was considered as the first follow up after 

delivery for pregnant group and the 6 months follow up after BMV in control 

group. Final follow up was taken as the last available follow up in both the 

pregnant and control group. In case of any re-intervention, the last follow up 

prior to there-intervention was considered as the last follow up. 

Statistical analysis 

Statistical analysis was done using the software SPPS versiOn 11.0. 

Continuous variables are expressed as mean ± SD, categorical data as 

percentages. Procedural results were compared using an unpaired Student's t­

test. Comparisons between pre procedure, post procedure, interim and last 

follow-up measurements were performed with a 2-tailed Student's paired t 

test. Categorical variables were compared using Chi square test. Multiple 

stepwise logistic regression analyses of pre procedure, post procedure and 

interim data independent variables were performed to determine independent 

predictors ofrestenosis and LBW. Event-free survival curves were constructed 

by the Kaplan-Meier method and survival probabilities were compared by the 

log-rank test. P value <0.05 was considered as significant. 

19 





Observations &Results 

Table 1: Baseline data 

Group P value 

Pregnant Control 
BMV group 

Total group 

Number of Patients (No.) 184 63 121 

Age (Mean± SD) 26.6 ± 4.9 26 ± 4.9 26.8 ± 4.9 0.30 

Height (Mean± SD) 151.4±5.6 152.6±62 150.2±4.2 0.65 

Total patients {No,(%)} 23(10.4) 9(12.9) 14(9.1) 
Prior 
Interventions Single intervention 19 (2.2) 8(1.6) 11 (2.5) 0.68 
(Patients) 

Double intervention 4 (2.2) 1 (1.6) 3 (2.5) 

Total intervention 27 (10.4) 10(12.9) 17 (9.1) 
Prior 
Interventions CMV 12 (10.4) 5(12.9) 7 (9.1) 0.60 
(lnterv type) 

BMV 15(2.2) 5(1.6) 10 (2.5) 

Rhythm AF 3 (1.6) 1 (1.6) 2 (1.7) 0.98 

Class II {No. ( %)} 115(62.8) 33 (53.2) 82 (67.8) 

Functional class Class III 68(37.2) 29 (46.8) 39 (32.2) 0.054 

Class IV 1(0.45) I ( 1.6) 0 

CVA/TIA {No. ( %)} 3(1.6) 1(1.6) 2(1.65) 0.57 

H/o CCF 1(.45) 1 ( 1.6) 0 0.09 

Baseline data is illustrated in Table 1. Baseline data were comparable 

between two groups. Numbers of patients with NYHA functional class III 

symptoms were slightly more in pregnant group but numbers were not 

statistically significant One patient in the pregnant group presented with 

NYHA class IV symptoms and had to be taken for an emergency BMV. 
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Observations &Results 

One patient (1.6%) in pregnant group and 2 (1.7%) in control group 

were in atrial fibrillation prior to BMV. 1 patient in Pregnant group had prior 

history of transient ischemic attack (TIA). 2 patients in control group had prior 

history of cerebro-vascular accident (CVA). 

Table 2: Baseline variables in pregnant group 

Total study group 62 

Previous h/o RF [Count(%)] 10 (16.1) 

Diagnosis ofRHD 
Present pregnancy 34 (54.8) 

Diagnosed previously 28 (45.2) 

Primigravidae [Count(%)] 33 (53.2) 

Previous 
Pregnancies 

Single 22 (35.5) 

Two 7 (11.3) 

None [Count(%)] 35 (56.5) 

Children Single 22 (35.5) 

Two 5 (8.1) 

No [Count(%)] 59 (95.2) 
Abortions 

Yes 3 (4.8) 

Baseline data for pregnant group is illustrated in Table 2. History of 

rheumatic fever was present in 10 (16%) of patients. 34 (54.8%) patients were 

diagnosed to have rheumatic heart disease during this pregnancy. 33 patients 

(53.2%) were primigravidae. It was the second pregnancy in 22 patients 

(35.5%), and third in 7 patients (11.3%). 3 patients (4.8%) had history of prior 

abortions. 
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Observations &Results 

Procedure details in pregnant group are illustrated in Table 3. The mean 

gestational period at the time of presentation was 21.7 ± 6.9 weeks. The mean 

gestational period at the time of procedure was 27.9 ± 4.1 weeks. Fluoroscopy 

time data was available only in 52 patients (83%). The mean fluoro time was 

4.5±3.6 minutes with 3 patients having fluoro time >10 minutes 

Pre BMV hemodynamic and echo data are illustrated in Table 4. Most 

of the variables were comparable between the groups. Patients in pregnant 

BMV group had a higher mean mitral gradient by echo (20.9 ± 5.7 vs 17.7 ± 

6.7). Though the mean RVSP was comparable between the groups, the 

pregnant BMV group had significantly more percentage of patients with 

severe pulmonary artery hypertension (52.5% vs 37.2%). Incidence of aortic 

valve disease and tricuspid valve disease was similar between the groups .. 

Table 3: Procedure details in pregnant group 

Mean± SD Median 

Gestational age at presentation 21.7 ± 6.9 23.0 

Gestational age at BMV 27.9 ± 4.1 28.0 

Fluoro time 4.5±3.6 4 
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Observations &Results 

Table 4: Hemodynamic and echo data prior to BMV 

Group 
p value 

Total Control Study 

LA (a) (mm ofHg) 31.7 ± 7.7 31.7±7.4 31.6 ± 8.3 0.876 

LA (v)(mm ofHg) 32.8 ± 10.9 32.3 ± 10.7 33.7 ± 11.4 0.446 

LA(m)(mm ofHg) 25.3 ± 7.2 24.8 ± 6.8 26.4 ± 7.9 0.143 

MV A ( cm2) (mean± SD) 0.8 ± 0.1 0.8 ± 0.2 0.8 ± 0.1 0.639 

MS Mean (mm ofHg) 18.8 ± 6.6 17.7±6.7 20.9 ± 5.7 0.002 

RVSP(mm ofHg) 60.5 ± 24.3 58.4 ± 24.2 64.4 ± 24.3 0.115 

<8 126(68.3) 83(67.8) 43(69.4) 
0.10 

Wilkins score =8 58 (31.7) 39 (32.2) 19(30.6) 

Mild to mod 74 (40.7) 48 (39.7) 26 (42.7) 
PAH 0.005 

Severe 79(42.3) 45(37.2) 32 (52.5) 

Mild 89(48.8) 50 (41.3) 39 (63) 
MR 0.003 

Moderate 2(0.9) 0 2(3.1) 

AR Mild to mod 10 (5.5) 5 ( 4.1) 5 (8.1) 0.261 

Mild 8 (4.4) 5 ( 4.1) 3 (4.8) 
AS 0.976 

Moderate 3 (1.6) 2 (1.7) 1 (1.6) 

TR Severe 38 (20.9) 20 (16.6) 18 (29.0) 0.388 
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Observations &Results 

Post BMV hemodynamic and echo data are illustrated in table 5 and 

outcomes in table 6. Most of the variables were comparable between the 

groups. Mean MS gradient by echo was significantly more in the pregnant 

group (7.9 ± 3.2 vs 5.7 ± 2.4). Mean RVSP by echo was slightly higher in 

pregnant group, but was not statistically significant (43.8 ± 14.7 vs 41.2 ± 14). 

Moderate mitral regurgitation was seen in 8 patients (12.9%) in pregnant 

group & 1 0 (8. 7%) in control group and was due to excessive commissural 

split in all patients. None of the patients required any surgical intervention for 

mitral regurgitation. 

Embolic manifestations in the form of femoral artery thrombosis was 

seen in 2 patients in each group, one patient in the pregnant group underwent 

embolectomy under local anesthesia, fully recovered, and had a full-term 

normal delivery. All others were managed conservatively and subsequently 

improved. Success was attained in 56 patients (90.3%) in pregnant group & 

111 patients (91.7%) in control group and the results were comparable. One 

patient in the pregnant group, who had to undergo emergency BMV, 

subsequently died due to sepsis in spite of successful BMV. 
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Table 5: Hemodynamic and echo data post BMV 

Group 
p value 

Total Control Study 

LA (a) (mm ofHg) 19.4 ± 5.4 19.8 ± 5.3 18.7±5.5 0.217 

LA (v) (mm ofHg) 19.1 ± 7.3 19.2±6.7 18.8 ± 8.2 0.754 

LA(m) (mm ofHg) 14.3 ± 4.8 14.5 ± 4.7 14 ± 5 0.461 

MVA (cm2) (mean±SD) 1.6 ± 0.2 1.6 ± 0.2 1.6 ± 0.2 0.769 

MS Mean (mm ofHg) 6.5 ±2.8 5.7 ± 2.4 7.9 ± 3.2 <0.001 

RVSP (mm ofHg) 42.1 ± 14.3 41.2 ± 14 43.8 ± 14.7 0.258 

MR =3+ {No. ( %)} 18 (9.8) 10 (8.3) 8 (12.9) 0.112 

Mild to mod 162(87.8) 116 (87.6) 56 (90.3) 
TRgrade 0.605 

Severe 13 (7.1) 9 (7.4) 4 (6.5) 

Mild to mod 124(67.8) 82 (67.7) 42 (70) 
PAR grade 0.09 

Severe 20 (11) 13 (10.7) 7 (11.7) 

Table 6: Outcomes Post BMV 

Group 
p value 

Total Control Study 

MR =3+ {No. ( %)} 18(9.8) 10(8.7) 8 (12.9) 0.112 

<1.5 {No.(%)} 69 (37.7) 46 (38) 23 (37.1) 
MVA(cm2) 0.903 

>=1.5 114 (62.3) 75 (62) 39 (62.9) 

MY A change> No {No. ( %)} 17(9.3) 10(8.3) 7(11.3) 
0.507 

50% 
Yes 166(90.7) 111(91.7) 55 (88.7) 

No {No. ( %)} 16 (8.7) 10 (8.3) 6 (9.7) 
Successful BMV 0.749 

Yes 167 (91.3) 111 (91.7) 56 (90.3) 

Embolic manifestations 4(2.18) 2(1.65) 2(3.2) 0.08 

Mortality 1(0.45) 0 1(1.6) 0.04 
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Table 7: Pre & post cath data- control group 

Pre BMV PostBMV P value 

Mean± SD Median Mean± SD Median 

PA(s)(mm ofHg) 53.8 ± 20.5 50.0 40.6 ± 15.8 36.0 <0.001 

PA(m)(mm ofHg) 34.7± 13.8 30.0 25.2 ± 10.1 23.0 <0.001 

TMG(mm of Hg) 17 ± 5.9 17.0 6.7 ±4.8 5.7 <0.001 

MVA(cm2) 0.8 ± 0.2 0.8 1.5 ± 1 1.4 <0.001 

Cath data of control group is illustrated in Table 7. Pre and post cath 

data were comparable to echocardiographic data. 

Table 8: Echo data- Interim (6 months) follow up 

Group 
p value 

Total (164) Control (104) Pregnant (60) 

MVA (cm2) (mean ±SD) 1.6 ± 0.2 1.6 ± 0.2 1.5 ± 0.2 0.249 

MS Mean (mm ofHg) 6.7±4.1 6.6± 5 6.8 ± 2.1 0.712 

RVSP (mm ofHg) 37.1±12.3 38.9 ± 13 33.9± 10.2 0.014 

MRGrade Mod {No. ( %)} 16 (9.7) 9 (8.7) 7 (11.5) 0.012 

AR grade Mild to mod 10 (6.1) 6 (5.8) 4 (6.6) 0.703 

Mild 12 (7.6) 7 (7.3) 5 (8.2) 
AS grade 0.525 

Mod 3 (1.6) 2 (1.7) 1 (1.6) 

TR grade severe 7 (4.3) 6 (5.8) 1 (1.6) 0.175 

Mild to mod 97 (63.4) 66 (68.8) 31 (54.4) 
PAH grade 0.199 

Severe 7 (4.6) 5 (5.2) 2 (3.5) 
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Table 9: Comparison between post BMV and interim (post delivery) data in 

pregnant group 

Study 

Mean ± 

SD 
Difference p 

Post 7.9 ± 3.2 
MS mean 1.1 0.002 

Interim 6.8 ± 2.1 

42.9 ± 

Post 14.3 
RVSP 9.2 <0.001 

33.7 ± 

Interim 10.2 

Interim follow up echo data are illustrated in Table 8. Mean RVSP was 

significantly lower in the pregnant group compared to the control group (33.9 

± 10.2 vs 38.9 ± 13). Similarly patients with mild to moderate and severe PAH 

were comparatively less in pregnant group [31 (54.4%) & 2 (3.5%) vs 66 

(68.8%) & 5 (5.2%)], even though it was not statistically significant. 

Comparisons between post BMV and interim (post delivery) data in 

pregnant group are illustrated in table 9. Post delivery there was a significant 

decrease in echo MS gradients and RVSP (7.9 ± 3.2 vs 6.8 ± 2.1 and 42.9 ± 

14.3 vs 33.7 ± 10.2). 
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Table 10: Echo data- Last follow up 

Group 

Control(l20 p value 

Total(l82) ) Study(62) 

MV A ( cm2) (mean ±SD) 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.2 0.499 

MS Mean (mm ofHg) 7.8 ± 3.5 7.6± 3.8 8.2 ± 2.8 0.341 

RVSP (mm ofHg) 35.8 ± 10.6 40.3 ± 10.6 36 ± 10.1 0.012 

MRGrade Moderate 19 (10.4) 11 (9.2) 8 (12.9) 0.257 

AR grade Moderate 22 (12.1) 16 (13.3) 6 (9.7) 0.063 

Mild 18 (9.9) 11 (9.1) 7 (11.3) 
AS grade 0.719 

Moderate 2 (1.1) 2 (1.7) 0 (0) 

Mild to mod 162(89) 105 (87.5) 57 (91.9) 
TR grade 0.692 

Severe 12 (6.6) 9 (7.5) 3 (4.8) 

Mild to mod 113 (62.1) 81(67.5) 32 (51.7) 
PAH grade 0.026 

Severe 12 (6.6) 9 (7.5) 3(4.8) 

Last follow up echo data is illustrated in Table 10. Mean MS gradient 

by echo were comparable in both groups (8.2 ± 2.8 vs 7.6 ± 3.8). Mean RVSP 

was significantly lower in the pregnant group compared to the control group 

(36 ± 10.1 vs 40.3 ± 10.6). Similarly patients with mild to moderate and severe 

PAH were significantly less in pregnant group [32 (51.7%) & 3(4.8%) vs 

81(67.5%) & 9 (7.5%)]. 
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Table 11: Outcomes at last follow up 

Group 
p value 

Total Control Study 

Time to Last Follow up (yrs) (Mean± SD) 4.51 ± 2.9 4.2±2.7 5.12 ± 2.85 0.215 

NYHA FC III-IV {No.(%)} 17 (9.44) 11 (9.2) 6 (9.8) 0.897 

Atrial fibrillation 7(3.89) 5(4.2) 2(3.3) 0.20 

Re- stenosis 24(13.11) 18(14.87) 6(10) 0.114 

Patients {No.(%)} 17(9.4) 11 (9.2) 6 (9.8) 

Re 
Interventions (No.) 18 11 7 0.897 

interventions 

Average time (Mean± SD) 4.8 ± 3.6 5.1 ± 3.9 4.5 ± 3.5 

Patients {No.(%)} 12 (6.67) 7 (5.9) 5 (8.2) 

H/o. SUB 
BMV 

Interventions (No.) 13 7 6 0.555 

Average time (Mean± SD) 3.4 ± 1.8 3.8 ± 1.9 2±0 

Patients {No.(%)} 5 (2.78) 4 (3.36) 1 (1.6) 

H/o. SUB 
MVR 

Interventions (No.) 5 4 1 0.506 

Average time (Mean± SD) 5±3 5 ± 3.2 4.8 ± 3.1 

Event Free survival 166(90.2) 110 (90.9) 56(88.9) 0.81 

Outcomes at last follow up are given in Table 11. Mean time for follow 

up was 5.12 ± 2.85in pregnant group and 4.2 ± 2.7 in control group and was 

comparable between groups. NYHA FC 11/IV, AF andre-interventions were 

comparable between groups. Restenosis was seen in 6 patients (9 .9%) in 

pregnant group and 18 patients (14.87 %) in control group. 
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Ev~n though restenosis was more in the control group, some of the 

patients continued to be in FC II and as the valve was not suitable for Re-

BMV were kept under medical follow up. Re-interventions were done in 6 

(9.8%) in pregnant group & in 11 (9.2%) patients in control group, with BMV 

in [5 (8.2) & 7 (5.9%)] & MVR in [1 (1.6%) & 4 (3.36%)]. 

Event Free survival 

Figure 1: Kaplan-Meier survival curves for both groups 

Event free survival 
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Kaplan-Meier survival curves for both groups are illustrated in figure1. 

Long-term follow-up event-free survival of both groups was comparable 

between both the groups. By Log rank test the survival probabilities were no 

different in both groups (P- 0.9501). Overall event free survival rate was 90% 

at 5 years after BMV and 75% at 10 years after BMV 
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Table 12: Predictors for re-intervention, re-stenosis. 

Univariate analysis Multivariate analysis 

Variables Pregnant 
Controls 

Pregnant 
Controls 

BMV BMV 

MVA 0.01 0.05 0.01 0.02 

Post NS NS 
BMV LA(m) 0.64 0.02 

Change NS NS 
Ill MVA 0.05 0.25 

Interim MVA 0.02 0.02 0.03 0.04 

FU RVSP 0.53 0.01 NS 0.01 

Predictors for re-interventions and restenosis are illustrated in table 12. 

On Univariate analysis in the pregnant group post-BMV MVA, change in 

MV A, Interim (post delivery) MV A were found to be significant. In the 

control group post-BMV MVA, post-BMV LA mean pressure, interim (6 

months follow up) MVA and RVSP were significant. On multivariate analysis 

only post-BMV MVA, interim follow up MVA were significant predictors for 

re-intervention in both groups. 
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Maternal outcomes: 

Table 13: Delivery details 

Follow up Data Available 51 

Successful Yes [Count(%)] 48(94.1) 
delivery 

No 3(5.9) 

Timing of Pre term 3 (6.25) 
delivery 

Full term 45(93.75) 

Normal [Count(%)] 30 (58.8) 

Elective Cesarean 17 (33.3) 

Emergency cesarean 1 (1.96) 
Delivery Details 

Still born 1 (1.96) 

MTP /abortion 1 (1.96) 

IUD 1 (1.96) 

Delivery details and maternal outcomes are as illustrated in table 13 and 

14. Follow up data regarding delivery details was available in 51 patients 

(82.25%) only. Out of which successful outcomes were seen in 48 (84J %) 

patients. One patient had a still birth. Another patient who underwent BMV 

before 20 weeks of pregnancy subsequently underwent medical termination of 

pregnancy uneventfully. 1 patient who had a twin pregnancy (prior to BMV 

only one fetus was viable), had an intrauterine death of the other fetus. 
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Among the patients with successful outcomes 30 patients (58.8%) had a 

normal vaginal delivery, 17 (33.3%) underwent elective caesarian and 

1(1.96%) had to undergo emergency caesarian (for obstetric reason). 3 patients 

had a preterm delivery. 

On follow up 13 patients (21%) went onto conceive, with normal 

uneventful deliveries, without any further interventions. One of the patients 

went through 2 successful pregnancies. Re-interventions were performed in 6 

patients (9.7%) due to restenosis and worsening functional class. 1 patient 

(1.6%) went for MVR and 5 patients (8.1%) had a repeat BMV performed on 

them. 1 patient required BMV twice during the follow up. 

Table 14: Maternal outcomes 

Total patients 62 

Total [Count(%)] 14 (21.0) 

Subsequent number of 
Single 12 (19.4) 

pregnancies/deliveries 

Twice 1 (1.6) 

Subsequent number of Single [Count(%)] 5 (8.1) 

interventions Twice 1 (1.6) 

BMV [Count(%)] 6(9,7) 
Subsequent interventions 

MVR 1 (1.6) 

1 1 (L6) 

4 1 (L6} 
Time for First re BMV (yrs) 

6 1 (1.6) 

7 1 (1.6) 
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CHILDREN 

Table 15: Follow up data of Children (Total48) 

Age (Mean± SD) 4.8 ± 2.9 

Normal {no,(%)} 28 (58.3) 

Low birth weight 19 (39.6) 
Birth weight 

Very low birth weight 1 (2.1) 

Average(Mean ± SD) 2.5 ± 0.4 

None {no,(%)} 45 (93.8) 
Fetal Complication 

Prolonged ICU stay 1 (2.1) 

No malnutrition {no,(%)} 33 (68.8) 

Present Weight Grade 1 9 (18.8) 

Grade 2 6 (12.5) 

No stunting {no,(%)} 31 (64.6) 

Grade 1 12 (25) 
Present Height 

Grade 2 4 (8.3) 

Grade 3 1 (2.1) 

Normal {no,(%)} 44 (91.7) 

Head circumference Microcephaly 4 (8.3) 

A verage(Mean ± SD) 49.8 ± 5.2 

Follow up data of children are illustrated in table 15. Complete data 

was available for 48 children. Mean age was 4.8 ± 2.9 years (range 6 months 

to 10 years). Mean birth weight was 2.5 ± 0.4. Low birth weight was seen in 

19 (39.6%) children and very low birth weight in 1 (2.1 %) child. 
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On follow up for mean duration of 4.8 ± 2.9 years, 33 children (68.8%) 

had no evidence of any malnutrition, with 9 (18.8 %) & 6 (12.5%) children 

having grade 1 and grade 2 malnutrition respectively. Microcephaly was noted 

in 4(8.3%) patients. Grade 1 and grade 2 stunting were noted in 12 (25 %) & 4 

(8.3%) children respectively. 

All patients had normal mile stones with normal physical and mental 

development. One child was noted to have mild supravalvular aortic stenosis 

and peripheral pulmonary stenosis and was kept on medical follow up. No 

other congenital abnormalities were noted in any other children except one 

child who had hypospadiasis. 

Comparisons between low birth weight and normal birth weight 

children in regard to their growth are illustrated in table 16. Low birth weight 

had no significant bearing on malnutrition or stunting on follow up. 

Microcephaly was significantly common in children with low birth weight, but 

apparently had no clinical bearing in view of normal development and normal 

mile stones in all children. 
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Table 16: Distribution of selected variables according to birth weight 

Birth weight 

Normal Abnormal P value 

Count Percent Count Percent 

Present No malnutrition 21 75.0 12 60.0 
0.214 

weight Malnutrition 7 25.0 8 40.0 

Present No stunting 21 75.0 10 50.0 

Height 
0.070 

Stunting 7 25.0 10 50.0 

Head Normal 28 100.0 16 80.0 
0.025 

circumference Microcephaly 0 0.0 4 20.0 

Table17: Predictors -low birth weight 

Variable Univariate Multivariate analysis 

analysis 

Pre LA(M) 0.09 NS 

MVA 0.01 0.04 

Post RVSP 0.02 0.04 

LA(M) 0.04 0.03 

Change in MVA 0.05 NS 

On Univariate analysis, neither fluoroscopic time nor gestational age 

had any bearing on low birth weight Post BMV MV A, post BMV RVSP, post 

BMV LA mean pressures and change in MV A were significant. On 

multivariate analysis Post BMV MVA, post BMV RVSP and post BMV LA 

mean pressures were significant predictors of low birth weight. 
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Discussion 

Baseline clinical data 

In the present study history of rheumatic fever was present only 

in (16%) of patients. 34 (54.8%) of patients had mitral stenosis diagnosed for 

the first time in the index pregnancy. This outlines the importance of proper 

screenmg for heart disease in pregnant patients, especially in developing 

countries. 33 patients (53.2%) were primigravidae similar to results from 

Routray et al. Patients in pregnant BMV group had a higher mean mitral 

gradient by echo and also more percentage of patients had severe pulmonary 

hypertension. This could be very well explained by the hyper dynamic state of 

pregnancy which would result in increased mitral gradients and also 

consequent elevation in left atrial pressures and pulmonary venous and arterial 

hypertension. 

The mean gestational period at the time of procedure was 27.9 ± 4.1 

weeks, slightly more than previous studies. The mean fluoro time was 4.5±3 

minutes and was comparable to previous studies. Excluding 3 patients with 

high fluoroscopy times, the mean was only 3.97± 1.5 minutes. Pre procedure 

mitral valve areas were comparable to most reports from India, which are 

much smaller than valve areas from the west, probably to differences in body 

surface area and also indicating the presence of more severe disease in the 

Indian subcontinent 
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Immediate results: 

In this study immediate success was attained in 90.3% in the 

pregnant group and 91.7% in the control group. The results were comparable 

between the groups. The decrease in LA pressure, transmitral gradient and P A 

pressures was slightly more in the control group, but it was not statistically 

significant. Mean MS gradient by echo and mean RVSP by echo was slightly 

higher in pregnant group, but was not statistically significant. This may be 

due to the hyper dynamic state associated with pregnancy. The results from 

this study are comparable to results published from other centers. Mitral valve 

area increased significantly from 0.8 ± 0.1 to 1.6 ± 0.2 cm2 in this series. The 

final valve area achieved was smaller in this series, probably due to severe 

disease and presence of severe sub valvular pathology. 

Complications: 

Apart from femoral artery thrombosis in 2 patients in each group, no 

other major complications were seen in our study. One patient who presented 

in pulmonary edema and who had to be taken for emergency BMV, 

subsequently died after 4 days due to sepsis in spite of a successful BMV. 

Even though moderate to severe MR (MR 3 to 4+) was seen in 8 (12.9%) in 

pregnant group and 1 0 (8 .3%) in control group, none required MVR. 

Thrombo-embolic complications and severe mitral regurgitation were reported 

in range of 1-2.9% &1.1% to 9J% respectively in various series. 
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There is no procedure-related mortality reported in any of the series. 2 

occurrences of cardiac tamponade and 1 case of pulmonary thromboembolism, 

one case of aortic perforation have been reported in earlier studies. 

Interim follow up: 

Pregnant BMV patients were reassessed post delivery and compared 

with the control group who were reassessed 6 months after BMV. Mean 

MVA, transmitral gradients were comparable between groups. Mean RVSP 

was significantly lower in the pregnant group compared to the control group. 

Similarly patients with mild to moderate and severe P AH were comparatively 

less in pregnant group. These results were in contrast to the immediate post 

BMV data where the mean transmitral gradient and P A pressures were higher 

in the pregnant group. When the post BM and post delivery results were 

compared, there was a significant decrease in mean transmitral gradient and 

PA pressures. This was probably related to the hyperdynamic circulatory state 

associated with pregnancy. 

Final follow up: 

Mean follow up was slightly longer in pregnant group (5.12 ± 2.85 vs 

4.2 ± 2. 7). More than 90% were in functional class 1/II in both groups. Final 

MVA, mean MS gradient was comparable between the groups. Mean RVSP & 

proportion of patients with severe P AH were lower in pregnant group. 
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Outcomes at last follow up: 

Restenosis was seen in 18(14.87) patients in control group compared to 

6 (1 0%) in pregnant group. Even though the restenosis was more in control 

group all of them did not go for Reinterventions as most of them were in 

functional class II, and valves were considered as a very high risk for re-BMV. 

Re-interventions were comparable to both groups. 90.2% patients in pregnant 

group and 90.7% patients in control group were in functional class II at end of 

follow up. 2 patients (3.3%) in pregnant group and 5 patients (4.2%) in control 

group were in atrial fibrillation at last follow up. Event free survival was 

comparable in both groups [56 (88.89%) vs 110 (90.9%)]. 

Delivery details and maternal outcomes: 

Of the 63 patients who underwent BMV in the present study, delivery 

data was available only for 51 patients. Of the 48 who had successfully 

delivered, 58.8% had normal vaginal delivery. These results were comparable 

with previous studies. Most of the patients, who underwent cesarean section, 

underwent the same for obstetric reasons only. 

Comparison of maternal outcomes with other studies 

Comparisons between the present study and previous studies are 

illustrated in Table 18 & 19. Compared to other studies the mean gestational 

age was higher in our study. 
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Discussion 

55% of patients were diagnosed to have rheumatic heart disease for the 

first time in the index pregnancy, which was significantly more than previous 

studies, but similar to the study by Routray et al. Pre procedure valve areas 

were comparable to most reports from India, which are much smaller than 

valve areas from the west, indicating the presence of severe disease in the 

Indian subcontinent. The change in MV A was only 0.8 cm2, which was less 

when compared to the western literature and also some Indian studies. This 

was comparable to the studies by Gupta et al, Algotar et al and studies from 

Brazil. Similarly the final valve area achieved was smaller in our series, 

probably due to severe disease and presence of severe subvalvar pathology. 

However this did not affect the immediate and long-term outcomes, 

with the procedural success, complication rates and event free survival not 

different from other studies. 25' 29' 32-38' 43 -45 · Numbers of still births/IUD were 

also similar to the previous studies. 13 patients on follow up went to have a 

25 29 32-38 43-45. subsequent± 1 pregnancy and had a successful outcome. ' ' ' 

Predictors of re-intervention and restenosis: 

Esteves et al in patients undergoing BMV in pregnancy, failed to 

identify any independent predictor of restenosis. 37 Fawzy et al in their study in 

non pregnant patients reported event free survival rate of 79% at 1 0 years and 

43% at 15 years in relatively younger patients. 
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Also event free survival rate was significantly higher for patients with 

optimal valve anatomy (88% at 10 years and 66% at 15 years). They found 

that valve anatomy, age and post procedural mitral valve area were predictors 

of restenosis and event free survivaL 46' 47 Similarly by multiple stepwise 

logistic regressions, post-BMV MVA and interim follow up MVA were 

identified as independent predictor of re-interventions and event free survival 

in the present study. In non pregnant group post procedure RVSP was also 

significant predictor of restenosis. Higher RVSP post procedure might suggest 

an advanced state of disease, with higher probability of restenosis. 

Table 18 

I Necrolini et al 

; Algotar et a! 

I Harikrishnan et 
I a! 
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Table 19 

Events free Survival: 

2.68±2 

3.67±2.1 

5.0±3.3 

Discussion 

Events free survival was 88.89 % in the pregnant group after a 

mean follow up of 5.12 ± 2.85 years. In the control group the event free 

survival was 90.9 after a mean follow up period of 4.2 ± 2.7 years. Even 

though the event free survival was slightly better in control group, it was not 

significant. Comparatively shorter duration of follow up in the control group 

could be a reason partly. 

Kaplan Meir analysis showed similar survival probabilities between the 

two groups with a 90 % survival 5 years after BMV, and 75% survival 10 

years after BMV in both groups. The results were similar to study by Esteves 

et al, who in their study compared pregnant patients with age- and gender-

matched cohort of 1 08 patients from the Massachusetts General Hospital 

BMV database and found comparable survival probabilities. 37· 
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Children follow up: 

Complete data was available for 48 children. Mean age was 4.8 ± 2.9 

years (range 6 months to 10 years). 3 children (6.3%) had a premature 

delivery, with one requiring prolonged neonatal intensive care. Mean birth 

weight was 2.5 ± 0.4. Low birth weight was seen in 19 (39.6%) children and 

very low birth weight in 1 (2.1 %) child. 

Population studies done from kerala showed average birth weight of 2.8 

±0.40. Sasidharan et al in their study showed that kerala children had a mean 

birth weight 2.8 ±0.40 kg, which was greater than in Indian contemporaries 

but consistently <-1 SD below the National Center for Health Statistics 

reference median throughout childhood. Birth weight significantly predicted 

body mass (BMI) at 8 years. Socioeconomic status was one of the principal 

determinants of low birth weight in this study. 48· Raman kutty et al in another 

study showed that the average birth weight was 2.84 ± 0.52, and that 

prematurity, parity and mother's height (<149 em) were predictors ofLBW. 49 

Radhakrishanan et al in another study from our institute showed the 

prevalence of low birth weight to be around 17.9%. A low maternal 

socioeconomic status was noted to be the principal determinant of a low birth 

weight baby. Prevalence of low birth weight in low socioeconomic group was 

23% and was statistically significant Among the low birth weight children 

69.8% belonged to low socioeconomic status.50 
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Discussion 

The prevalence of low birth weight in our study was significantly 

higher than general population. This could be probably due to the low 

socioeconomic status (7 6% of patients belonged to low socio economic status) 

associated with rheumatic heart disease, the stigmata of chronic inflammatory 

disease and after effects of low cardiac output associated with severe mitral 

stenosis. 

In our study the average height was 150 ± 4.2, which could have also 

had an impact on birth weight. Also the mean gestational age at time of 

pregnancy was slightly more in our study population. Also the children 

consisted of mixed population from rural Tamilnadu and Kerala. Kamal doss 

et al also in their study showed that the rate of LBW to be 24.6%, with a mean 

birth weight of2.72 ± 0.44 kg in rural Tamilnadu. 51 

On follow up for mean duration of 4.8 ± 2.9 years, the prevalence of 

malnutrition was 31.2%, with stunting seen in 33.3% of children. This was 

nearly similar to estimated prevalence of malnutrition and stunting as per the 

NFHS-3 (table 20). 52 Similar to earlier studies, Low birth weights did not 

have any significant bearing on malnutrition or stunting on follow up. 

Microcephaly was significantly common in children with low birth weight, but 

apparently had no clinical bearing in view of normal development and normal 

mile stones in all children. 
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Discussion 

Similar to study by Esteves et al, no correlation was found 

between gestational age (at the time of PMV) and newborn weight. Similarly 

neither fluoroscopic time nor pre BMV echo parameters had any bearing on 

low birth weight. 37 On multivariate analysis Post BMV MV A, post BMV 

RVSP and post BMV LA mean pressures were significant predictors of low 

birth weight. 

The patients who had a better MV A post BMV, low P A and LA 

pressures post BMV had less incidence of LBW. This emphasizes the need to 

achieve a good result PTMC in pregnant patients for better neonatal outcomes. 

Table 20: 
Table 1 Prevalence of Malnutrition among children (()-59 months) across fifteen major states of India (NFHS-3) 

States/Country Underweight Stunting Wasting 

Rural Urban Total Rural Urban Total Rural Urban Total 

Har;'ana 4L3 ?4.6 39.6 481 38J 4"7 19.1 

Punj<Jb 26..3 214 24.9 35.1 36 7 9.2 9,2 9,2 

Rajasthan 42.5 30.1 4('< 33.9 4•p ,)./ 203 20B 204 

rv~adhya Przdcsh 62] 51.3 6() 51.7 44.3 50 •)r 
_JQ 31.7 3S 

Uttar Pradesi't 44.1 34.8 42.4 58.4 50.1 56.8 F' JL 12.9 14.8 

Bihar 57 47B 55.9 56.5 48.4 55-6 27.4 2~).2 27.1 

Orlss<J 423 29.7 4!JJ 465 34.9 45{) 205 13.4 195 

\'Vest Bt~ngai 42.2 24./ 38./ 43.4 29..3 44/) 13.5 16.9 

Assam 3/} 26.1 36.4 4!.8 3S.6 465 13.6 14.2 13./ 

Gujarat 41.9 39.2 44.6 54.8 46.6 r' ~ "'l 
.) Li i9.9 16.)' 18.7 

Mahzrash rra 4L6 30.7 ::p 
--·I 49.1 423 40.3 18.2 14.1 16.5 

Andhra Pradesh l48 28 32.5 45.8 36.7 4." Ll B 10.7 12.2 

Kamataka 30.7 37£ 4""' / ~ :' 36 43} 182 165 17.6 

Kerala 26A 15.4 22-9 25.6 22.2 24.5 182 10.9 159 

Tamilnadv 32.1 2/.1 29.8 31.3 30.5 22.6 2ifj 222 

All 15 states 44.1 32.2 41.1 49.7 39.2 47.04 19.9 16.6 19.04 

ALL INDIA 45.6 32.7 42.5 50.7 39.6 48 20.7 16.9 19.8 

Source: Kanjilal et al. International Journal for Equity in Health 2010, 9:19 52 

46 



Discussion 

Comparison of outcomes in children with other studies: 

The compansons are illustrated in table 21. In companson to the 

various studies, mean birth weight was lower, but similar to previous study 

from our institute. Low socioeconomic status with most of the population 

coming from rural areas might be contributing to this. This could also 

probably reflect the presence of more severe disease associated with severe 

sub- valvular pathology in our study. Also the mean height was 150.2±4.2, 

which might have contributed to LBW as observed in study by Raman kutty et 

al. 49 Prematurity was seen in 6.3% of patient which was similar to other 

studies which varied between 8.6-12.6%. Contrary to other studies where 

neonatal death was seen in 1.4-10%, no death was noted in our study. Most of 

the procedures were done electively at appropriate time without much 

maternal and fetal distress & patients were regularly followed up & deliveries 

managed in tertiary care centers where the services of a cardiologist and a 

neonatologist/pediatrician were available. Improved level of obstetric & 

neonatal care might have also contributed to lack of deaths. 29• 34• 36-38• 53 

Table 21 

Study Yr Nos. follow up Birth wt Pre term Prolonged Death Thyroid/mali Growth& 
(Yrs) Mean±SD No(%) NICU care No. gnancy development 

Mean±SD No(%) 
Mangione et a! 2000 23 >5 - 2(8.6) 0 1(4,3) None None 
Fawzyet a! 2001 23 5.1±2.8 - - - 2(8.6) None None 
Kinsara et a! 2002 20 5.25±3.25 - - - 2(10) None None 
Routray et a! 2003 40 3±1.25 2.9±0.8 - 0 1(2.5) None None 
Harikrishnan et a! 2005 30 2.68±2 2.45±0.5 3(10) 0 1(3.3) None None 
Esteves et al 2006 71 3.67±2.1 2.8±0.6 9(12.6) 0 1(1.4) None None 
Present study 2010 51 5.0±3.3 2.5±0.4 3(6.3) I (2.1) 0 None None 
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Conclusion 

L This study emphasizes the importance of proper screemng early m 

pregnancy for detection and treatment of heart disease especially m 

developing countries. 

2. Immediate procedural success, complications, event free survival and 

restenosis at follow up were comparable between groups .. 

3. Post-BMV MVA and interim follow up MVA were identified as 

independent predictor of re-interventions and event free survival. 

4. Average mean birth weight was slightly lower in our group of patients with 

a slightly higher prevalence of low birth weight. 

5. LBW had no significant bearing on malnutrition or stunting on follow up 

6. On multivariate analysis Post BMV MVA, post BMV RVSP and post 

BMV LA mean pressures were significant predictors of low birth weight. 

7. In the pregnant population, BMV is safe & effective treatment that results 

in excellent immediate & long-term outcomes for mothers & their 

offspring. 

8. BMV is the procedure of choice to treat symptomatic pregnant women 

with rheumatic mitral stenosis who are unresponsive to adequate medical 

treatment. 
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GLOSSARY 

AF - Atrial fibrillation 

BMV - Balloon mitral valvuloplasty 

BSA -Body surface area 

LA - Left atrium 

LBW -Low Birth Weight 

LV - Left Ventricle 

MR - Mitral regurgitation 

MS -Mitral regurgitation 

MVA -Mitral valve area 

MVR -Mitral valve replacement 

NS -Non significant 

NYHA -New York Health Association 

PAH -Pulmonary arterial hypertension 

PASP -Pulmonary artery systolic pressures 

RVSP - Right ventricular systolic pressures 

TEE -Trans-esophageal echocardiography 

TTE - Trans-thoracic echocardiography 

TIA -Transient ischemic attack 

TMG -Trans-mitral gradient 

2D -Two dimensional 
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Introduction 

Cardiac resynchronization therapy (CRT) improves symptoms and 

survival of patients with advanced systolic heart failure; however, up to 30% 

of patients do not improve after CRT when selected by current recommended 

criteria. 1' 2 To improve patient selection, many studies have quantified the 

magnitude of intra-ventricular mechanical dyssynchrony. Systolic velocity 

timing derived from tissue Doppler imaging has been used most frequently, 

and several indexes have been reported to predict positive responses to CRT.3-

7 However, the multicenter Predictors of Response to CRT (PROSPECT) 

study recently reported that no echocardiographic dyssynchrony parameter 

could be recommended to improve patient selection for CRT beyond current 

.d 1. 8 9 gm e mes ' 

Two Dimensional Echocardiographic strain and strain rate imaging is a 

new technology enabling more reliable and comprehensive assessment of 

myocardial function. The spectrum of potential clinical applications is very 

wide due to its ability to differentiate between active and passive movement of 

myocardial segments, to quantify intra-ventricular dyssynchrony and to 

evaluate components of myocardial function, such as longitudinal myocardial 

shortening, that are not visually assessable. 10' 11 Strain and strain rate imaging 

initially became possible using tissue Doppler. TDI, like all Doppler-derived 

measurements, has its own limitations. 12' 13 
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Introduction 

Non-Doppler 2D-strain imaging derived from speckle tracking is a 

newer technique which analyzes motion by tracking speckles (natural acoustic 

markers) in the 2D ultrasonic image. The advantage of this method is that it is 

angle independent and also has better spatial resolution & measurement 

d "b"l" 14-21 repro uc1 1 1ty. 

Studies have showed that Speckle derived dyssynchrony indices (based 

on time to peak strain) were better predictive of response to CRT. 22-25 

However, there are very few studies comparing these in various sub groups of 

populations. Moreover, whether the varwus cutoff values of 

echocardiographic dyssynchrony indexes associated with left ventricular (LV) 

reverse remodeling after CRT are specific for the patients with decreased LV 

systolic function and/or conduction delay is not well known. 

Dyssynchrony has two components, mechanical and electrical & 

patients might have a variable grade of involvement of both the components. 

Mechanical dyssynchrony is not necessarily due to electrical dyssynchrony but 

may develop as a consequence of the so-called contractile disparity. 26 In other 

words, LV walls with different contractile properties may generate different 

contracting forces, and this may produce a time delay in the peak of segmental 

contractions. 
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Introduction 

In this situation, which is not uncommon in the left ventricles of 

patients with heart failure, if electrical dyssynchrony is not present, there is no 

clear evidence that CRT is effective in reducing mechanical strain 

dyssynchrony, while other interventions, such as b-blockers, have been 

reported to do so. 27 

CRT is mainly an electrical therapy; it uses electrophysiological 

principles to modify the mechanical activation of the heart. A clear 

understanding of electrical conduction in failing heart is under clinical 

research. The improved mechanical function which is the aim of CRT is also 

determined by the myocardial properties and the electromechanical coupling at 

the regional level. CRT needs not only electrical re synchronization but also 

improved and synchronous mechanical activation. Electrical dyssynchrony 

may or may not be associated with wasted energy of contraction. Such 

wastage of contraction is necessarily due to late activation of regions of 

myocardium; greater will be the wasted energy and loss of efficiency if the 

late activated areas are contracting welL The greater the wasted energy of 

contraction greater will be the benefits, at least theoretically of CRT. The 

chance of non response to CRT is hence higher in patients with large scars in 

the posterior-lateral areas when effective contraction cannot be achieved even 

with early activation. Such patients may have lesser energy wastage because 

of lack of strain development in the diseased myocardium. 
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Introduction 

Strain Delay Index (SDI- 2D) based on 2D speckle tracking, is a more 

recently described parameter which takes into account regional strain ( an 

indirect measure of regional deformation) and the temporal distribution of 

peak strain in multiple myocardial segments. It is a measure of wasted energy 

due to dyssynchronous mechanical activation of left ventricle. This account 

for both electrical and mechanical components of dyssynchrony and might be 

a better predictor of response to CRT as evident in small studies.28 

Other 2D speckle based dyssynchrony indices under research are the 

speckle radial dyssynchrony index and strain derived dyssynchrony index, 

which is standard deviation of time to peak strain in the myocardial segments. 

Recent study comparing TDI derived strain measurement with speckle derived 

measurements, in patients with or without systolic dysfunction and with or 

without left bundle-branch block, showed that tissue velocity based indices 

had a significant overlap between the various groups and couldn't differentiate 

between groups. 29 Speckle based dyssynchrony index was more specific for 

dyssynchrony in patients with systolic dysfunction and left bundle-branch 

block 
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Aims & Objectives 

1. Characterization of 2D ( Speckle) derived myocardial strain parameters 

of left ventricular systolic function in subgroups of patients with LV 

dysfunction and LBBB 

a. Strain delay index 

b. Strain derived dyssynchrony index 

2. Validation of Dyssynchrony indices based on 2D strain and 

comparison with TDI based indices in patients with or without systolic 

dysfunction and with or without left bundle-branch block 
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Review of Literature 

The acute adverse effects of left ventricular (LV) dyssynchrony on 

cardiac performance were first described in 1925 by Carl Wiggers. 30 Over the 

past decade, cardiac resynchronization therapy (CRT) has changed the 

treatment of patients with end-stage heart failure. In recent years, the accurate 

diagnosis of LV dyssynchrony has become the focus of myriad publications, 

driven by the advent of cardiac resynchronization therapy (CRT) to treat heart 

failure due to severe LV dysfunction in the setting of marked prolongation of 

the QRS interval. 31 -33 In the initial large clinical trials of CRT, QRS duration 

. 31 32 was used as a measure of dyssynchrony to select patients for treatment. ' 

However, the sensitivity and specificity of QRS duration to predict response to 

CRT were less than optimal. 34' 35 

Therefore numerous "time-to-peak" parameters based directly on the 

motion of the LV walls were developed to diagnose LV mechanical 

dyssynchrony with echocardiography in an attempt to improve CRT selection 

criteria. 36 Echocardiographic mechanical dyssynchrony parameters initially 

showed promise in predicting response to CRT in single-center studies. 3-7 

However, the multicenter Predictors of Response to CRT (PROSPECT) study 

recently reported that no echocardiographic dyssynchrony parameter could be 

recommended to improve patient selection for CRT beyond current 

"d 1" 8 9 gm e mes.' 
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Review of Literature 

In addition, the Resynchronization Therapy in Narrow QRS 

(RETHINQ) trial recently reported that patients with narrow QRS intervals 

and evidence of mechanical dyssynchrony do not benefit from CRT.37 

Currently, on the basis of the guidelines of the American Heart 

Association, American College of Cardiology, and Heart Rhythm Society, 

CRT is considered a class I indication in patients with drug-refractory heart 

failure (New York Heart Association functional class III or ambulatory class 

IV) with left ventricular (LV) ejection fraction <35%, broad QRS complex 

(> 120 ms), and sinus rhythm. However, when patients are selected according 

to the aforementioned criteria, approximately 30% do not have beneficial 

responses on the basis of clinical outcomes or echocardiographic indicators of 

reverse remodeling, indicating that currently used guidelines are not perfect at 

identifying patients with heart failure most likely to benefit from CRT. 1 ' 2 

This is a major issue because CRT is a costly procedure and may 

potentially expose patients to peri-procedural or device-related complications; 

therefore, it should be reserved for patients with heart failure for whom 

positive responses can be anticipated, to optimize the allocation of 

organizational and financial resources and also to avoid unjustified risk 

exposure. Hence the search for newer methodologies and techniques to assess 

dyssynchrony and to better predict the response to resynchronization therapy. 2 
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Review of Literature 

Echocardiographic strain and strain rate imaging is a new technology 

enabling more reliable and comprehensive assessment of myocardial function. 

Myocardial deformation 

Following electro-mechanical activation, the myocardium deforms during 

systole due to sarcomere shortening. This active deformation causes a 

reduction in intracavitary size, resulting in the ejection of blood from the 

ventricle. In diastole the original ventricular geometry is restored due to active 

relaxation and passive filling following atrial contraction. Since myocardial 

tissue is virtually incompressible, the volume of the ventricular wall remains 

the same during the cardiac cycle and, thus, deforms in three dimensions. 

During systole there is three-dimensional deformation which can be expressed 

in three ventricular coordinates: a longitudinal shortening and a 

circumferential shortening and a radial thickening. 11 • 38 

Myocardial deformation is expressed as a one dimensional parameter: 

strain (e). It defines the total deformation during the cardiac cycle relative to 

the initial length at the onset of the cardiac cycle, and is expressed in 

percentages. This implies that longitudinal and circumferential (systolic) 

shortening result in a negative strain and radial (systolic) thickening in a 

positive strain. 
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Review of Literature 

When the initial length of the investigated myocardial segment is 

known during the cardiac cycle, the relative length change (strain) can be 

calculated throughout the entire cardiac cycle. 11 ' 38The local end-systolic strain 

value reflects the regional ejection fraction and the global LV end-systolic 

strain reflects the LV ejection fraction. When visualized in a graph the 

different phases of the cardiac cycle can usually be identified: during systole 

the strain values become more negative (S-wave) with the negative peak at the 

aortic valve closure, representing the maximal longitudinal myocardial 

shortening during contraction (or peak systolic strain). In diastole the strain 

values return towards zero (towards the original length of the analyzed 

myocardial segment at the onset of the cardiac cycle).38 

The speed at which the myocardial deformation occurs is the strain-rate 

(SR) and is expressed in s-1. SR depicts the change in strain over a period of 

time. Thus, when the myocardium shortens there is a negative SR and, the 

steeper the slope of the strain-curve, the higher the SR-values. The peak 

systolic strain rate correlates well to loading independent indices of 

contractility and hence provides valuable information on regional contractile 

function. 39' 4° Comparable to strain, when plotted in a graph the different 

cardiac phases can be recognized. 
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Review of Literature 

To optimally assess regional myocardial function, both strain and SR 

need to be calculated since they provide complementary information: end 

systolic strain estimates ejection fraction and peak systolic SR is a measure of 

contractility. By analogy, when driving a car both the total distance of the 

journey as well as the speed of the car during the journey provide valuable 

information. 

Tissue deformation (myocardial strain) imaging: 

Currently there are two different methods to calculate myocardial 

deformation: tissue Doppler derived strain and two-dimensional strain 10' 41 

As a spatial derivative of velocity, strain rate provides increased spatial 

resolution for precise localization of diseased segments. However, strain rate 

needs high temporal resolution (> 100 Hz) to avoid underestimation due to 

under sampling. Therefore, Doppler, because of its high temporal resolution, is 

superior to speckle tracking for strain rate imaging. However, Doppler-derived 

strain is angle dependent and highly susceptible to noise arising from the 

blood pool, aliasing and reverberation. The use of integrated strain helps 

reduce random noise while maintaining near similar spatial information. The 

amount of shortening or stretch in the tissue or fibers describes the normal 

strain, and the amount of distortion associated with the sliding of plane layers 

over each other describes the shear strain within a deforming body. 
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Review of Literature 

There are two methods for assessing deformation on a continuum" One 

description is made in terms of the material coordinates. This is called 

«material description" or "Lagrangian description," which defines motion 

around a given point in tissue as it traverses through space and time. Similar to 

tagged magnetic resonance imaging (MRI), speckle-tracking technology 

analyzes Lagrangian strain, in which the end-diastolic tissue dimension 

represents the unstressed, initial material length as a fixed reference 

throughout the cardiac cycle. 10 

An alternative way to describe deformation is to consider the relative 

velocity of motion at a particular location in space as a function of time, 

referencing the region in terms of the spatial coordinates, called the ''spatial 

description" or "Eulerian description." DTI analyzes Eulerian strain, which 

is derived from the temporal integral of the DTI strain rate signal and uses 

instantaneous lengths for the reference length.42 In practice, tissue Doppler 

scanners can convert Eulerian strain into Lagrangian strain. Likewise, by 

taking the inverse integral of Lagrangian strain, one may also calculate 

E 1 . . 42 
u enan stram. 

The general state of strain at a point m a body is composed of 3 

components of normal strain and 3 components of shear strain. Therefore, for 

the left ventricle, 3 normal strains (longitudinal, circumferential, and radial) 
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and 3 shear strains (circumferential-longitudinal, circumferential-radial, and 

longitudinal-radial) are used to describe left ventricular (LV) deformation in 3 

dimensions. One of the principal purposes of LV shearing deformation lies in 

amplifying the 15% shortening of myocytes into 40% radial LV wall 

thickening, which in tum results in a >60% change in LV ejection fraction in a 

normal heart. 43 ' 44 

Tissue Doppler Imaging (TDI) 

Doppler echocardiography is a well-established technique to calculate 

pressure gradients, quantify valvular stenosis, and measure diastolic function. 

In 1989, Isaaz et al described the application of Doppler echocardiography for 

the evaluation of myocardial motion and TDI was born. 45 

Routine Doppler echocardiography employs a low-velocity, high­

amplitude filter to remove the artifact produced by the highly reflective blood-­

tissue interface. When this filtering strategy is reversed, these low-velocity, 

high-amplitude signals from tissue motion are displayed. Tissue Doppler 

velocities can be displayed as a spectral trace (pulsed TDI) representing the 

peak velocities, or as a color map superimposed on the 2D image similar to 

color Doppler (color TDI). 
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The advantage of pulsed TDI is that the sample volume can be placed 

in a small select area, thereby providing data with an excellent temporal 

resolution. The color TDI has the advantage of displaying velocities over a 

wide area of myocardium at the same time, thus allowing multiple segments to 

be analyzed simultaneously, though this comes at the expense of decreasing 

temporal resolution. As with color Doppler, the velocities from color TDI are 

mean velocities whereas those from pulsed Doppler and pulsed TDI are peak 

velocities. 10' 11 ' 45 

Limitations of Tissue Doppler-derived strain: 

TDI is dependent upon the angle of insonation and is only able to 

estimate strain along the ultrasound beam and thus cannot reliably measure 

strain in the azimuth or perpendicular plane. If the tissue under investigation is 

not moving perfectly in line with the ultrasound beam then the measurement 

obtained will be subject to inaccuracy (dependent on Cos ? of the angle of 

insonation). This limits the use of TDI-derived-strain measurements primarily 

to longitudinal fibers with the inability to quantify deformation in the radial 

plane. 13 
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Furthermore in patients with left ventricular dilatation, the full extent of 

the myocardial wall cannot be aligned within the ultrasound beam. As with all 

Doppler-derived data, if the angle of interrogation between the tissue motion 

and ultrasound beams is greater than 20°, the peak values will be significantly 

reduced. The second limitation is that the velocities of the tissue along the 

Doppler beam are in reference to the transducer. TDI is unable to resolve the 

difference in motion of a myocardial segment that could be actively 

contracting or merely being displaced due to the tethering effect from the 

adjacent segment. 13• 46 

Parameters of SR and strain can also be derived from myocardial 

velocity data. Calculations of strain and SR from TDI data have several 

pitfalls. First, if the TDI data are poor, the strain/SR measurements will 

contain errors. For instance, if a myocardial segment suffers from echo 

dropout, the TDI will encode that segment as having a lower velocity than it 

may truly have, leading to erroneously low strain and SR and a suggestion of 

hypokinesia or akinesia. Reverberations and side lobes can also introduce 

error that may overestimate, underestimate, or simply generate random noise 

in the strain/SR values. 13• 46 
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The second limitation of TDI-derived strain values comes from 

deviation in the angle of interrogation. Deviation from the intended angle is 

even more important for strain calculation than it is for TDI velocity data. If 

one deviates from the true direction of contraction when measuring velocities, 

the peak velocities will simply be reduced. If one alters the angle for strain 

measurements, the type of strain being measured will change. 13• 46 Taking into 

account all the technical aspects mentioned above it is not surprising that TDI-

derived strain % SR measurements are not easily reproducible (>10- 15% 

inter observer variability). This is one of the explanations why this technique 

has not become standard in daily practice. 12• 47 

SPECKLE TRACKING OR NON-DOPPLER 2D STRAIN IMAGING 

General Principles 

Non-Doppler 2D strain imaging is a newer technique for obtaining 

strain and SR measurements. It analyzes motion by tracking speckles (natural 

acoustic markers) in the ultrasonic image in two dimensions. These markers 

are statistically equally distributed throughout the myocardium. The size of 

these elements is 20 to 40 pixels. Each speckle can be identified and followed 

accurately over a number of consecutive frames. 14-16• 48 These markers, within 

the ultrasonic image, are tracked by calculating frame to frame changes using 

a sum of absolute difference algorithm. 
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The speckles are tracked from one frame to the following one, thereby 

calculating the velocity field for that frame only. Rotation and motion of the 

heart in the chest cavity, and breathing, account for most out-of-plane motion. 

However, these cause the disappearance of the speckles over a few frames, 

rather than within two consecutive frames. Current available software allows 

spatial and temporal image processing with recognition and selection of such 

elements on the ultrasound image. The geometric position of these speckles 

changes from frame to frame with the surrounding tissue motion. The 

geometric shift of each speckle represents local tissue movement. By tracking 

theses speckles, 2D tissue velocity, strain, and SR can be calculated. 14-16' 48 

Technique: 48 

Non-Doppler 2D strain imaging is simple to perform. It requires only 

one cardiac cycle to be acquired; further processing and interpretation can be 

done after image data acquisition. Because it is not based on tissue Doppler 

measurements, images are easier to obtain as they are angle independent-it is 

not necessary for the main motion vector to be parallel to the beam. The 2D 

loops from the routine echocardiographic examination are processed offline. 

The software is dependent on high-resolution image quality and applied with 

harmonic imaging. Within the end-systolic frames an estimation of the LV 

myocardium is traced in a click-to-point approach. 
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Subsequently the software automatically defines an epicardial and mid 

myocardial line and processes all frames of the loop. Endocardial border is 

identified by edge detection, based on black-and-white transition recognition 

on a single frame. The myocardium is defined by empiric estimation of 

myocardial thickness and can then be further corrected by the operator. By 

tracking the entire LV myocardium, the new border is determined without the 

need for repeated border location by edge detection. Motion and velocities are 

then analyzed by calculating frame-to-frame changes~ The fmal result showing 

is a continuous cineloop, tracking the acoustic markers and superimposing 

color points on the gray scale image. A visual control for the individual 

tracking quality is directly performed thereafter. 14-16• 48 

Tracking quality is based on several criteria: 

1. Each speckle is followed for several consecutive frames forward and 

backward. Return to baseline coordinates is considered evidence for 

adequate tracking. 

2. Adjacent speckles (that are in close proximity within the tissue) are 

assumed to have similar velocities. If a significant difference in tissue 

velocities is detected, the tracking is rejected by the software. 
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3. The software evaluates the drift compensation that is required. The 

strain at the beginning and the end of a cardiac cycle should be the 

same. The larger the required drift compensation, the lower the tracking 

quality score. 

The automatically obtained tracking process may be accepted or 

rejected by the reader. Several adjusting tools are available to optimize the 

tracking quality. The myocardium in each of the 3 standard apical planes is 

automatically divided into 6 segments and the analyzed. These diagrams can 

display different parameters (strain, SR, displacement, velocities), which are 

11 d . d t: h . 1 . d d kl 1 . . 14-16 48 a enve 1rom t e mstantaneous ang e-m epen ent spec e ve oc1t1es. ' 

For accurate speckle tracking, a high frame rate is important. Speckle patterns 

change over the course of the cardiac cycle because of deformation of the 

heart and out-of-plane motion. A high frame rate decrease the speckle change 

between frames, allowing better tracking. On the other hand, a lateral 

resolution with high beam density is also important for good speckle tracking. 

But, higher beam density means lower frame rate. There is no definitive 

conclusion on how to balance these two parameters, but good clinical results 

are reported with frame rates of 40-60 frames per second. 14-16• 48-50 
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Validation of speckle tracking echocardiography: 

Speckle tracking requrres a thorough understanding of 

echocardiographic imaging technique for both image acquisition and 

myocardial border tracing. In addition, images must be of high-resolution 

quality to track regions of interest accurately. Myocardial strain derived from 

STE has been validated using sana-micrometry and tagged MRI and correlate 

significantly with tissue Doppler-derived measurements. 17-21 

Tissue Doppler technology is dependent on achieving a parallel 

orientation between the ultrasound beam and the direction of motion and 

therefore is applied mostly in apical views for recording longitudinal strains 

and from mid anterior, and mid inferior segments of the left ventricle in short-

axis views for recording radial strains. STE, in contrast, can analyze the 

longitudinal and radial deformation of all LV segments from apical views and 

radial and circumferential strain of all LV segments from the short axis views. 

In comparison with DTI, receiver operating characteristic curve analysis has 

shown that longitudinal and radial strain measured using STE has a 

significantly greater area under the curve than DTI strain in differentiating 

normal and dysfunctional segments. 14-16• 48-50 

19 



Review of Literature 

STE do not require scaling for any index of LV morphology. Overall, 

speckle tracking appears to be highly reproducible and minimally affected by 

intra observer and inter observer variability. 17-21 

Suffoletto et al. have shown that 2D-strain-derived values are a good 

predictor of clinical response to CRT. Speckle-tracking radial strain can 

quantify dyssynchrony and was a better predictor immediate and long-term 

response to CRT and has potential for clinical application. They also found a 

significant difference between those patients who had lead tip pacing at their 

latest site of activation compared with those who had other segments paced. 22 

Pascal Lim et al have shown that use of strain delay index with 

longitudinal strain by speckle tracking has a strong predictive value for 

predicting response to CRT in both ischemic and non-ischemic patients. This 

can predict response to CRT by directly assessing the potential for incremental 

contractility gain after resynchronization rather than by simply quantifying LV 

dyssynchrony by regional timing.29 
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Mele et al in their study reported that standard deviation of the 

averaged time-to-peak strain (TPS-SD, ms) of 12 middle and basal LV 

segments obtained from the three standard apical views was predictive of 

response to CRT. A cut off value of =60 ms for TPS-SD was significantly 

associated with responder identification. 25 

Chinami Miyazaki, et al compared tissue velocity- derived and strain­

derived dyssynchrony indexes in patients with or without systolic dysfunction 

and left bundle-branch block. A substantial proportion of normal subjects have 

tissue velocity- derived dyssynchrony indexes higher than the cutoff value 

proposed for predicting beneficial effect of cardiac resynchronization therapy. 

In this study almost 1 00% of patients with systolic dysfunction showed 

dyssynchrony on using the proposed strain-derived cutoff value in the Mele et 

al study. The reason for this discrepant result is not clear, but they speculated 

that a cutoff value that can predict the effect of CRT among heart failure 

population is higher than the one that can separate a normal from an abnormal 

population. But overall the study showed that Strain-derived timing index 

appears to be more specific for dyssynchrony in patients with systolic 

dysfunction and left bundle-branch block.28 
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Subject Population: 

A total of 43 patients were examined, and were divided into 4 groups. 

1. Group 1 (n=l2), left bundle-branch block (LBBB) and LV dysfunction 

2. Group 2 (n= 11 ), normal left ventricular ejection fraction & LBBB 

3. Group 3 (n=IO), left ventricular dysfunction and no LBBB; and 

4. Group 4 (n= 1 0), normal subjects. 

LBBB was diagnosed when the QRS duration was= 120 ms, with QS or rS 

complex in lead Vl and a monophasic R wave in leads I and V6. LV 

dysfunction was diagnosed when ejection fraction was= 35% 

Patients with significant non cardiac disease, awaiting or post ( < 3 months 

after) coronary revascularization treatment and severe mitral regurgitation 

were excluded. Those with LV dysfunction were studied after stabilization 

optimally with medical treatment. The patients were enrolled after an 

informed consent 

Echocardiography Examination 

A comprehensive 2D & Doppler echocardiography was performed 

with commercially available ultrasound equipment. LV volumes and L VEF 

were calculated by the biplane Simpson method. Color-coded tissue Doppler 

1magmg was acquired from 3 apical views with IE 33 (Philips Medical 

Systems). 
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Images of individual walls with narrow sectors and the shallowest 

depth were obtained to minimize the angle between the ultrasound beam and 

the longitudinal axis of the cardiac wall with the highest possible frame rate. 

Gain settings and pulse repetition frequency were adjusted to optimize color 

saturation and to avoid aliasing. A single operator acquired images were used 

to avoid variability and errors. All analyses were performed offline. The data 

was transferred to Excel sheets and the indices were computed. 

TDI Analysis 

LV dyssynchrony was defined using the 

1. SD in 12 segments of time to peak velocity by TDI (Yu index) 

2. Septal-lateral delay of time to peak velocity (TSL) 

3. 12 segment maximum delay of time to peak velocity (MD-TDI) 

The process can be summarized as follows: 

a) Basal and mid ventricular velocity curves (n=l2) were derived from 

color TDI sequences 

b) Time to peak velocity was defined when peak velocity reached its 

maximum positive value during the systolic ejection period. 

c) The reference timing point was defmed at end diastole (at the peak of 

the R wave on the ECG tracing), and the systolic period was defined by 

aortic valve opening and closure with LV outflow tract pulse-wave 

Doppler flow. 

23 



\. 

Patients & Methods 

d) Segments with only negative velocity during the systolic ejection 

period were excluded from the calculation of SD-TDI and TSL. 

Significant LV dyssynchrony was considered when Yu index =33 ms, TSL 

was >65 ms and MD-TDI = 1 OOms as per the present recommendations. 

2D Strain analysis: 2D Strain imaging was performed as described earlier. 48 

a) Image acquisition. Images were acquired at a frame rate of 40-60 

frames per second with optimal gain and window settings to include the 

area of interest. A loop of four cardiac cycles were archived for each of 

the three views -Apical four chamber, two chamber and three chamber 

views. Breath holding for the period of acquisition was used to reduce 

relative tissue motion in all cases. 

b) Strain (e) waveforms were generated using the QLAB software. The 

strain is calculated as a time integral of strain rate in which the 

integration starting point was adjusted to the onset of the QRS. 

c) The timing of aortic valve opening and closing were estimated based on 

the time of aortic flow from the pulsed-wave Doppler signal in the 

apical long-axis view 

d) The timing of mitral valve opening and closing was estimated based on 

the time of mitral flow from pulsed wave Doppler signal in apical four 

chamber view. 

e) The timing thus acquired were superimposed on the waveform analysis 

24 



Patients & Methods 

The following indices were calculated: 

1. Strain derived dyssynchrony index: Time to peak longitudinal strain 

(e) by speckle tracking was used to calculate the 16-segment SD of 

time to peak- e. In segments with positive or biphasic strain curve, time 

to absolute maximal e was chosen to compute standard deviation 

2. Strain Delay Index: In dyssynchronous ventricles, delayed segments do 

not contribute fully to end-systolic (ES) function. The wasted energy 

per segment caused by dyssynchrony can be expressed mathematically 

as the difference between peak ( epeak) and ES strain ( eEs). Theoretically, 

this difference ( eEs- epeak) increases with the severity of dyssynchrony. 

The wasted energy is expected to be greater in the segment with 

preserved contractility than in the segment with no or minimal residual 

contractility at a similar degree of delayed contraction. This can be well 

appreciated in scar or fibrotic myocardium. 

Methods: 

a) The QLAB software generated the strain curves using the acquired 

echo loops. Before generating the curves, the myocardial borders were 

manually adjusted and gain settings optimized. Accurate tracking of the 

speckles were confirmed by observing the movement vectors and 

analyzing the displacement and strain curves. Tracking zones were 

manually adjusted to get the best results. 
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b) The time to the peak of the global e curve was used to determine the 

timing of ES and to compute the eEs in the 16 segments. 

c) Peak and time to peak e in the 16 segments were calculated at the point 

where the e curve reached its minimum value during the cardiac cycle. 

d) The difference ( eEs- epeak) in each segment (all 16 segments) was 

summed to generate the strain delay index. 

e) For a segment that exhibited positive strain or biphasic strain with a 

peak positive e greater than the maximal absolute negative strain, the 

term ( eEs- epeak)) was entered as zero for the calculation of strain delay 

index. 

Figure I: Strain delay index 
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Statistical analysis: 

The data were expressed as mean ± SD for normally distributed continuous 

variables and as absolute frequencies and relative percentages for categorical 

variables. Normally distributed continuous variables were compared by means 

of 1-way ANOV A for overall comparison and the Scheffe multiple 

comparison test for post hoc multiple pair-wise comparisons. The Chi square 

test was used to compare categorical variables. Dyssynchrony indexes were 

summarized with the median and 25th and 75th percentiles because they were 

not normally distributed. Dyssynchrony indexes were compared by the 

Kruskal-Wallis test for overall comparison. For multiple comparisons among 4 

groups (6 pair-wise comparisons), the Mann-Whitney test was used for each 

pair of groups, and correction was applied for the adjustment of significance 

level. Values of P _ 0.05 were considered statistically significant. Multiple 

linear regressions on the natural logarithm-transformed dyssynchrony indexes 

were performed to assess the associations with disease group after adjustment 

for age and gender. 
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Characterization of groups: 

Group 1: LBBB with LV dysfunction 

Group 2: LBBB with Normal LV function 

Group 3: No LBBB with LV dysfunction 

Group 4: No LBBB with normal LV function (Normal) 

Table 1: Distribution of demographic variables 

Group 1 Group 2 Group 3 Group4 p 

Number 12 11 10 10 

Age(Yr) 61.1±10.4 58.5 ± 11.4 46.1 ± 13.8 38.9 ± 9.1 <0.001 

Male Sex, n(%) 9 (75) 5 (45.5) 8 (80) 9 (90) 0.120 

NYHA FC III-IV n(%) 8 (66.7) 0 (0) 6 (60) 0 (0) <0.001 

H/0 H/o CCF 4 (33.3) 0 (0) 5 (50) 0 (0) 0.223 

ACS 5 (41.7) 2(18.2) 1 (10) 0 (0) 0.438 

Interventions 2 (33.3) 1 (9.1) 1 (10) 0 (0) 0.449 

Risk Diabetes 9 (75) 3 (27.3) 3 (30) 3 (30) 0.057 

factors 
Hypertension 7 (58.3) 6 (54.5) 3 (30) 3 (30) 0.379 

Smoking 5 (41.7) 3 (27.3) 5 (50) 4 (40) 0.759 

\ .. ~ Dyslipidemia 11 (91.7) 11 (100) 7 (70) 8 (80) 0.208 

Family 4 (33.3) 3 (27.3) 1 (10) 4 (40) 0.476 

History 
Segments excluded 14/192(7.3%) 101176(5.7%) 14/160(8.75%) 8/160(5%) 0.105 
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Table 2: Distribution of echocardiographic variables. 

Group 1 Group 2 Group 3 Group4 

QRSD(ms) 148.3 ± 14 146.4 ± 10.3 98 ± 9.2 88 ± 7.9 

LVIDD 59.7 ± 7.2 50.9 ± 6.8 63.9 ± 6.1 45.1 ± 4.1 

LVISD 48.6 ± 7.2 31.7 ± 5.5 51.7 ± 10.7 26.3 ± 1.8 

EDV (ml) 155.8 ± 34.9 85.5 ± 12.2 145.2 ± 26.2 81.5 ± 10.1 

ESV (ml) 107.4 ± 27.1 35.4 ± 8.1 107.7 ± 24.3 31.3 ± 4.3 

EF(%) 28.2 ± 6.4 59.4 ± 8.4 27.1 ± 7.3 63.8 ± 5.9 

LA size 41.64±4.34 36.8±1.75 40.20±3.49 31.80±1.92 

MR Mild, n(%) 9 (75) 8 (9) 5 (50) 6 (60) 

Moderate 3 (25) 0 (0) 4 (40) 0 (0) 

PAMP(mm ofHg) 28±11.09 20.36±1.97 30.40±14.28 18.4±1.26 

Patient demographic characteristics are summarized in table 1, and the 

echocardiographic data in table 2. The mean age of group 4 was significantly 

younger than that of the other 3 groups. Females were relatively more 

common in group 2 (LBBB with normal LV function). Previous history of 

ACS and diabetes were significantly more common in group 1 than the other. 

Other baseline values were as expected from selection of the patients based on 

LVEF and LBBB. Mean QRSD was not significantly different in the groups 

with LBBB ±LV dysfunction (148.3 ± 14 ms in group 1 Vs 146.4 ± 10.3 in 

group 2). LV dimensions, volumes and Ejection fractions were comparable in 

both the groups with LV dysfunction. 
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Table 3: Comparison of Dyssynchrony Indexes Among the 4 Groups* 

Group 1 Group2 Group 3 Group4 

S-L 95 (58.5, 106.5) 74(69.5, 76) 55 (31, 68) 38 (27, 55) 
wall delay 
(ms) 

12 segment 139.5 (114.5, 107 (99, 132) 98.50 (74, 65 (50, 75) 
MaxTDI 164) 135) 

delay(ms) 

YU 47.95 (36.89, 39.41 (36.76, 34.09 (25.85, 27.66 
INDEX(ms) 56.8) 42.62) 42.24) (16.65, 

28.63) 

Strain 71.33 53.76 (47.55, 48.46 (40.67, 35.87 
dyssynchron (64.47,85.88) 57.73) 54.30) (33.28, 

yindex (ms) 39.64) 

Strain delay 28.65 (22.66, 22, (15.24, 23) 18.6 (16.32, 8.21 (7.2, 
index (ms) 30.95) 24.2) 8.95) 

*Data are expressed as the median (first, third quartiles), Statistics (For Total­
? 

P Value·r 

Total 

1 vs 2 
1 vs 3 
1 vs4 
2 vs 3 
2 vs4 
3 vs4 
Total 

1vs2 
1vs3 
1vs4 
2vs3 
2vs4 
3vs4 
Total 

1vs2 
1vs3 
1vs4 
2vs3 
2vs4 
3vs4 
Total 

1vs2 
1vs3 
1vs4 
2vs3 
2vs4 
3vs4 
Total 

1vs2 
1vs3 
1vs4 
2vs3 
2vs4 
3vs4 

Kruskal-Wallis Test, for between group- Mann-Whitney U Test). p· -adjusted for age and 

sex 

30 
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0.316 
0.006 
<0.001 
0.075 
0.012 
0.393 
0.003 

0.016 
0.025 
<0.001 
0.468 
0.001 
0.011 
0.003 

0.104 
0.021 
<0.001 
0.314 
<0.001 
0.035 
<0.001 

<0.001 
<0.001 
<0.001 
0.900 
0.025 
0.004 
<0.001 

0.004 
0.004 
0.000 
0.915 
<0.001 
<0.001 
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Comparison of intra-ventricular dyssynchrony indexes among groups 

Comparisons of each dyssynchrony index among groups are shown in 

Table 3 and Figure 2. All dyssynchrony indexes differed significantly among 

groups in overall test (P<0.05). The SD in time to peak systolic velocity in the 

12 left ventricular segments (YU index) was greater in group 1 (median 47.25 

ms; 25th and 75th percentiles , 36.89 and 56.8 ms) than group 4 (27.66 ms; 

16.65 & 28.63 ms), but there was a considerable overlap of all tissue velocity­

derived indexes among 4 groups. Therefore it failed to demonstrate a 

significant difference in any pair-wise comparisons (especially between group 

1 &2). 

Similarly S-L wall delay also had significant overlap between different 

groups and couldn't reliably differentiate between groups (especially between 

1&2, 2&3). The results did not differ much after adjusting for age and sex in 

both the indices. 12 segment maximum delay was significantly larger in 

groups 1 (139.5 ms; 114.5 &164 ms), 2 (107 ms; 99 & 132 ms), and 3 (98.50 

ms; 74 & 135 ms) compared with group 1 (65 ms; 50 & 75). It provided a 

better separation of groups, yet no significant difference was found between 

groups 3 and 4 (P _0.60). 

In contrast to the considerable overlap in tissue velocity- derived 

indexes, a stepwise increase was found with both speckle derived indices in 

the presence of systolic dysfunction and LBBB. 
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Speckle derived dyssynchrony index was significantly more in group1 

71.33 (64.47 & 85.88) than in other groups [group 2 (53.76; 47.55 & 57.73), 

group 3 (48.46; 40.67 & 54.30)), group 4 (35.87; 33.28 & 39.64)]. Strain delay 

index similarly was also significantly more in group1 28.65 (22.66, 30.95) 

than in other groups [group 2 (22; 15.2 &, 23), group 3 (18.6; 16.32 & 24.2), 

group 4 (8.21; 7.2 & 8.95)]. 

Both the indices could differentiate LBBB with LV dysfunction (group 

1) with other groups. Except for the slight overlap of values between group 2 

and 3 due to which they couldn't well differentiate those 2 groups, they could 

reliable differentiate tall other groups. The results continued to be significant 

even after adjustment for age and sex. 

Predictive value of speckle derived dyssynchrony index: 

Even though strain derived dyssynchrony index has been found to be a 

better indicator for differentiating normal from abnormal populations more 

distinctively. No definite cut off has been proposed yet. So in our study, we 

used strain delay as standard, and derived an arbitrary cutoff value for strain 

derived dyssynchrony index using ROC curve. A cutoff value of 58.6 was 

obtained, which had a sensitivity of 82% and specificity of 78%. ROC curve is 

illustrated in Figure 2 
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Prevalence of Dyssynchrony Based on Cutoff Value: 

Based on available evidence and as per recommendations, 33ms, 65 ms 

and 100 ms were taken as cut off for YU index, S-L wall delay and 12 

segment maximum delay index. Similarly for strain delay index 25% was 

taken as cutoff based on previous studies. As there was no predetermined cut 

off for speckle derived dyssynchrony index arbitrarily 58.6 ms was taken as 

cut off based on ROC curve. 

The prevalence of intra-ventricular dyssynchrony based on the cutoff is 

illustrated in Table 5, 6 and figure 4. Significantly 90% of patients in group 2 

(LBBB, Normal LV Function) and 50% in group3 had dyssynchrony based on 

YU index. Similarly based on the S-L wall delay and 12 segment max delay 

significant number of patients in group2 and group3 had dyssynchrony (81.8 

& 30%,72.7% & 50% respectively in both groups). 

On the contrary both the speckle derived indices could well 

differentiate the Group 1 for other groups. By Speckle dyssynchrony index, 

only 27% in group 2 and 10% in group 3 had dyssynchrony. Similarly by 

strain delay index, only 18% in group 2 and 10% in group 3 had 

dyssynchrony. None of the group 4 patients had dyssynchrony by any of the 

parameters 
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Table 4: Predictive power 

Predictive power of Speckle 
dyssynchrony index using Strain delay 
index > 25 as standard 

Positive if>= Sensitivity Specificity 

26.0 1.00 0.00 

31.2 1.00 0.06 

33.0 0.91 0.06 

36.0 0.91 0.19 

42.3 0.91 0.38 

51.3 0.82 0.56 

54.5 0.82 0.69 

56.5 0.82 0.75 

58.6 0.82 0.78 

60.7 0.73 0.78 

62.0 0.64 0.78 

62.8 0.64 0.81 

63.6 0.64 0.84 

64.5 0.55 0.84 

66.4 0.45 0.84 

67.6 0.45 0.88 

68.6 0.45 0.91 

69.7 0.45 0.94 

74.8 0.36 0.97 

80.5 0.36 1.00 

88.0 0.18 1.00 

121.3 0.00 1.00 

Observations &Results 

Figure 2: ROC curve 

ROC curve for predicting Speckle dyssynchrony 
index using Strain delay index >25 as gold 

standard : 
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Observations &Results 

Table 5: Distribution of sample based on tissue velocity based indices. 

Group 1 Group 2 Group 3 Group 4 p value 

0.000 
Total 

<33 0 (0) 1 (9.1) 5 (50) 10 (100) 
1 vs 2 

0.296 

0.006 
1 vs 3 

YU Index 0.000 
1 vs 4 

0.043 
>=33 12 (100) 10 (90.9) 5 (50) 0 (0) 2 vs 3 

0.000 
2 vs4 

0.012 
3 vs 4 

0.003 
Total 

<65 4 (33.3) 2 (18.2) 7 (70) 9 (90) 0.419 
1 vs 2 

0.094 
1 vs 3 

S L Wall delay 0.009 
1 VS 4 

0.019 
>=65 8 (66.7) 9 (81.8) 3 (30) 1 (10) 2 vs 3 

0.001 
2 vs4 

0.276 
3 vs 4 

0.000 
Total 

<100 1 (8.3) 3 (27.3) 5 (50) 10 (100) 0.242 
1 vs 2 

0.033 

12 Site Max 
1 vs 3 

Delay 
0.000 

1 vs 4 

0.296 
>=100 11 (91.7) 8 (72.7) 5 (50) 0 (0) 2 VS 3 

0.001 
2 vs4 

0.012 
3 vs 4 
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Observations &Results 

Table 6: Distribution of sample based on speckle based dyssynchrony indices 

Group 1 Group 2 Group 3 Group 4 p value 

0.000 
Total 

<58.6 0 (0) 8 (72.7) 9(90) 10 (100) 
1 vs 2 

0.000 

0.000 
Speckle 1 vs 3 

dyssynchrony 0.000 

index 1 vs 4 

0.326 
>=58.6 12 (100) 3 (27.3) 1 (10) 0 (0) 2 vs 3 

0.082 
2 vs 4 

0.317 
3 vs 4 

0.001 
Total 

<25 4 (33.3) 9 (81.8) 9 (90) 10 (100) 
1 vs 2 

0.022 

0.009 

Strain delay 
1 VS 3 

0.002 
index 1 vs 4 

0.602 
>=25 8 (66.7) 2 (18.2) 1 (10) 0 (0) 2 vs 3 

0.167 
2 vs4 

0.317 
3 vs 4 

For Total- Kruskal-Wallis Test, for pair- Mann-Whitney U Test 

{ 

' i 
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Discussion 

This study was done with aim of characterising 2D (Speckle) derived 

myocardial strain parameters (Strain delay index, Strain derived dyssynchrony 

index) and comparing them with TDI based indices (Septal-lateral delay of 

time to peak velocity (TSL), 12 segment maximum delay of time to peak 

velocity (MD-TDI) & Yu index), in 4 groups of patients (grouped on basis of 

presence or absence systolic dysfunction and/or left bundle-branch block) 

Tissue velocity based dyssynchrony indices 

Tissue velocity based dyssynchrony indices even though differentiated 

LBBB with LV dysfunction from normal controls, they showed a significant 

overlap among different population. Both when used as a continuous variable 

and as well as using the proposed cut off values, both Yu index and S-L delay 

index did not differentiate between the major groups. Even though 12 site 

maximum delay when used as a continuous variable was marginally better, but 

when used on basis of proposed cut off, it couldn't reliably differentiate 

between groups 1, 2 & 3. The results are similar to previous study by 

Miyazaki et al. 28 In a study by Miyazaki et al, which compared similar 

groups showed that there median value in normal controls was 44, which was 

significantly more than the cut off value.28 Contrarily in this study the median 

value for Yu index on controls is 27.66 (25th and 75th percentiles, 16.65, & 

28.63), which is lower than the proposed cutoff value and not quite different 

from various other studies. Yu et al reported that Yu index was 17.0±7.8 ms in 
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Discussion 

88 healthy volunteers. Lafitte et al reported a similar value for normal control 

subject (16±9 ms).51 

The probable reasons for tissue velocity based indices not being able to 

differentiate between groups should be considered here. The suboptimal 

accuracy may be explained by a drawback of the Doppler technique in HF 

patients in which the signal-to-noise ratio of TDI is particularly affected by 

myocardial dysfunction (minimal base to apex motion), translational and 

tethering effects, and mal-alignment of the Doppler sample volume, which 

increases as LV geometry changes to a globular shape. These issues may 

explain the difficulty in identifying peak contraction in the flat velocity 

contour of the failing heart. The inter and intra observer variability is also 

slightly more than that with speckle derived indices due to the technical issues, 

and the smaller sample size might also have affected the results. 

Speckle derived dyssynchrony indices 

Lim et al in their study where they followed up CRT patients reported 

that speckle derived longitudinal strain delay index appears to be a much more 

accurate predictor of CRT response. 29 With a proposed cut off value of 25%, it 

correlated closely with reverse remodeling after CRT in both ischemic and 

non-ischemic patient populations (r = -0.69, P _0.0001). Importantly, the strain 

delay index had similar accuracy in patients with ischemic and non-ischemic 

cardiomyopathies. 
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Discussion 

This may be explained by the robustness of the index, which considers 

all 16 myocardial segments of the ventricle, and the fact that the strain delay 

index is not a simple measurement of contractility or time delay but a 

combination (and relative weighting) of both of these parameters. Indeed, the 

delayed myocardial segments incrementally impact the strain delay index 

value not only in proportion to the severity of dyssynchrony but also relative 

to the amplitude of their residual contractility. The Speckle derived strain 

delayed index both when used as a continuous variable and as well as using 

the proposed cut off from previous studies could well differentiate between the 

LBBB with LV dysfunction from all other groups comprehensively. There 

was however some overlap between the group 2 and group3, this could be due 

to the small sample size. 

The tissue velocity indices might truly reflect only the electrical 

component of dyssynchrony (QRS duration & LBBB), that could be the 

reason for their inability to differentiate the LBBB with LV dysfunction group 

from LBBB with normal LV function. This might be the reason why, studies 

have not showed any further advantage of these indices over the present 

recognized criteria (QRS duration> 120ms). Because QRS duration is a more 

objective fmding it is likely to be more accurate- TDI derived measures are 

likely to be subjected to more intra observer and inter observer variation. 
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Discussion 

TDI measures are not validated for general use in the hands of less 

experienced echo cardiographers. All these may contribute to lack of 

specificity of the currently used echocardiography criteria.On the contrary 

Strain delay index which considers mechanical aspects in additional to the 

electrical dyssynchrony was able to distinguish between the 2 groups more 

effectively. Also this is evident in recent studies, where it could provide 

additional information (increasing the predictability of response to CRT) 

beyond that predicted by present criteria (especially QRS duration). 

Using the cut off criteria, 33% of patients in the LBBB LV dysfunction 

group had a delay index <25% in this study. This might reflect the 30% 

population of patients, who did not improve after CRT when selected by 

current recommended criteria. 1' 2 Also it was seen that most of the patients 

with LV dysfunction and no LBBB, did not have significant dyssynchrony by 

strain delay index criteria (10% showed significant dyssynchrony). This 

probably highlights the ability of strain delay index to better identify the 

patient s who would respond to CRT from groups with LV dysfunction and 

with or without LBBB. Large randomized studies, in this regard would be 

needed to come to a definite conclusion. 
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Figure 3. Comparison of tissue velocity- and strain-derived dyssynchrony indexes 

among groups. The ends of the boxes are the 25th and 75th percentiles; whiskers 

indicate the minimum and maximum values, excluding outliers 
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Discussion 

Figure 4: 2D-Strain imaging in control (normal LV function and no LBBB) 

Apical 3 chamber and 4 chamber view 

Normal peak strain. No dyssynchrony. 

Figure 5: 2D-Strain imaging in Group 1 (LBBB with LV systolic dysfunction) 

Apical 4 chamber view 

Reduced peak strain with delayed peaks in lateral segments 

Significant dyssynchrony present. 
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Discussion 

Figure 6: 2D-Strain imaging in Group 2 (LBBB with normal LV systolic function) 

Apical 4 chamber view 

Normal preserved peak strain, with delay in peak of lateral segments, no significant 

dyssynchrony. 

Figure 7: 2D-Strain imaging in Group 3 (no LBBB with LV systolic dysfunction) 

Apical 4 chamber view 

Reduced peak strain 

No significant dyssynchrony. 
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Discussion 

Similarly Longitudinal strain dyssynchrony index was also able to 

differentiate the LBBB with LV dysfunction group from the rest similar to 

previous study done by Miyazaki et al. Unlike the study by Miyazaki et al, 

where they used 12 segments only, we used 16 segments to calculate the 

index. As there were no specific predetermined cut off points, we used strain 

delay index (in v/o its robustness in previous studies, and lack of a proper gold 

standard) to achieve a arbitrary cut off point of 58.6 in our study. This was 

nearer to the cut off value of 60ms considered in previous studies using the 

12segment model.25' 28 Using this arbitrary cut off point too, the strain 

dyssynchrony index was also superior to the tissue velocity indices in 

differentiating between groups. 

Peak strain and systolic tissue velocity represent different mechanical 

events: Strain peak indicates the end of shortening or the crossover point of 

myocardial shortening to lengthening, and tissue velocity peak indicates the 

timing of maximal speed of myocardial motion. There are 2 possible 

explanations for the superiority of strain to tissue velocity. 
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Discussion 

First, strain represents regional contraction more reliably because 

deformation measurements are not affected by tethering and translational 

motion. Timing of myocardial motion and displacement may underestimate 

the degree of timing difference in regional contraction compared with 

deformation, especially if there is more regional heterogeneity in the timing of 

contraction. 

Second, measuring mechanical timing only in the ejection period may 

underestimate the severity of mechanical dyssynchrony in LBBB patients 

because the typical mechanical abnormality of LBBB can be observed during 

the isovolumic periods. Mechanical dyssynchrony in LBBB or the paced heart 

is characterized by early septal contraction and pre stretching in the lateral 

wall, which often occurs during the isovolumic contraction period, and post 

systolic contraction. Therefore, assessment of the isovolumic contraction 

period and/or post systolic period may have improved the distinction between 

normal and abnormal groups by speckle derived strain from tissue velocity 

based indices (where the peaks in isovolumic times are excluded). 

Dyssynchrony includes both the electrical and mechanical components. 

Most of the patients would have a variable proportion of both the components. 

Patients with LBBB and LV dysfunction may have significant contribution 

from both the components. Patients in group 2 and group 3 would tend to have 

only one of them. Normal controls are expected to have neither of them. 
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Discussion 

This study shows the ability of speckle derived indices, to differentiate· 

the groups significantly due to their robustness in ability to assess the both 

components of dyssynchrony. The strain-derived dyssynchrony indices 

distinguished patients with LBBB or decreased L VEF (or both) from those 

with normal systolic function and normal QRS duration with minimal overlap 

and appears to identify patients with intra-ventricular dyssynchrony more 

reliably. 
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Study Limitations 

Study was limited by its small sample size. Also none of the patients 

underwent CRT placement, so a follow up data on response and clinical 

correlations are not available. There are no definite objective parameters to 

assess whether the ability to distinguish LBBB with LV dysfunction from 

other groups would translate into clinical relevance. Only longitudinal 

dyssynchrony was assessed in this study, radial and circumferential 

dyssynchrony were not assessed. 
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Conclusion 

1. There is a substantial proportion of overlap with tissue velocity­

derived dyssynchrony indexes among the different population 

subgroups. 

2. 2D speckle Strain-derived dyssynchrony indices are more specific for 

identifying dyssynchrony in patients with systolic dysfunction and left 

bundle-branch block. 

3. Larger trials comparing the various indices, using responders to CRT as 

criteria would be needed to identify better predictors of response to 

CRT. 
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CCF 

CRT 

DTI 

EDV 

EF 

ESV 

LA 

LBBB 

LV 

LVIDd 

LVISd 

MD-TDI 

MR 

NYHA 

PASP 

QRSD 

ROC 

SD 

S-L wall delay­

SR 

STE 

TDI 

Yu index 

GLOSSARY 

Two dimensional 

Congestive Cardiac Failure 

Cardiac Resynchronization Therapy 

Doppler Tissue Imaging 

End Diastolic volume 

Ejection Fraction 

End Systolic volume 

Left atrium 

Left bundle branch block 

Left Ventricle 

Left Ventricular internal end diastolic diameter. 

Left Ventricular internal end systolic diameter 

12 segment maximum delay of time to peak velocity 

Mitral Regurgitation 

New York Heart Association 

Pulmonary artery Systolic Pressures 

QRS Duration 

Receptor Operator Curve 

Standard Deviation 

Septal-lateral delay of time to peak velocity (TSL) 

Strain Rate 

Speckle tracking echocardiography 

Tissue Doppler Imaging 

SD in 12 segments of time to peak velocity by TDI 
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