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Introduction 

INTRODUCTION 

Persistent ductus arteriosus (PDA) is an acyanotic congenital heart disease 

with left to right shunt. Hemodynamically significant PDA leads to left ventricle 

(LV) volume overload and LV remodelling. Recently percutaneous PDA closure 

using coil or ductal occluder device has proved to be safe and effective. The short 

and long term results are comparable to surgical closure ofPDA. 

LV volume overload and compensatory remodelling is expected to alter 

systolic and diastolic function of LV. These changes secondary to chronic volume 

overload are expected to improve after PDA closure. However some patients develop 

LV systolic dysfunction. At the same time LV diastolic function is arguably altered 

in patients with PDA and other conditions with volume overload. The assessment of 

diastolic function is compounded by concomitant increase in preload and alteration 

in LV compliance characteristics. With reduction in preload and gradual reverse 

remodelling, diastolic function is likely to change after PDA closure. 

The phenomenon of LV systolic dysfunction has been well observed, 

however data is limited. In addition, published literature has scant information 

regarding predictors of LV systolic dysfunction. Furthermore LV diastolic 

dysfunction has not been well studied. Hence, this prospective study was undertaken 

to assess change in LV systolic and diastolic function after percutaneous closure of 

PDA with emphasis on predictors of LV systolic dysfunction. 



I.Rgview of Literature 

REVIEW OF LITERATURE 

The ductus arteriosus (DA) is a large channel normally found in all 

mammalian fetuses, develops from the distal portion of the left sixth aortic arch and 

connects the main pulmonary trunk with the descending aorta, 5 to 1 0 mm distal to 

the origin of the left subclavian artery in a full-term infant. It varies in length and in 

the term fetus has a diameter of approximately 10 mm, similar to that of the 

descending aorta1• 

The microscopic structure of the DA differs from that of the adjacent 

pulmonary trunk or aorta. The media of the DA consists largely of layers of smooth 

muscle arranged spirally in both leftward and rightward directions with increased 

amount of hyaluronic acid. In contrast, the media of aorta or pulmonary artery are 

composed mainly of circumferentially arranged layers of elastic fibers. The intimal 

layer of DA is thicker than that of the adjoining arteries and contains an increased 

amount of mucoid substance. There are also small, thin-walled vessels in its 

subendothelial region z, 3• 

By 6 weeks of gestation, DA is developed sufficiently to carry most of the 

right ventricular (RV) output1• The right ventricle ejects about two thirds of 

combined ventricular output, and because lung flow is only 6% to 8%, DA carries 

55% to 60% of combined ventricular output4 • DA thus permits flow to be diverted 

away from the high-resistance pulmonary circulation to the descending aorta and the 
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1\§view of Literature 

low-resistance placental circulation. This m tum avoids wasted circulation and 

reduces total workload of fetal ventricles4. 

Postnatal closure of the DA occurs in two phases. Immediately after birth, 

contraction and cellular migration of the medial smooth muscle in the wall of DA 

produce shortening, increased waH thickness, and protrusion into the lumen of the 

thickened intima (intimal cushions or mounds), resulting in functional closure 

occurring commonly within 12 hours after birth in term neonate3•5. The second stage 

of anatomical closure is usually completed by 2 to 3 weeks in human infants, 

produced by infolding of the endothelium, disruption and fragmentation of the 

internal elastic lamina, proliferation of the subintimal layers, and hemorrhage and 

necrosis in the subintimal region. The mounds enlarge progressively, and there is 

connective tissue formation and replacement of muscle fibers with fibrosis and 

permanent sealing of the lumen to produce the ligamentum arteriosum2• 

The exact mechanisms responsible for the initial postnatal closure of the DA 

are not fully understood. During fetal life, the partial pressure of oxygen (p02) to 

which the DAis normally exposed is 18 to 28 mm Hg4• An increase in p02, as occurs 

with ventilation after birth, constricts the DA in mature fetal animals4' 6·9. Other 

factors, such as the release of vasoactive substances (e.g., acetylcholine, bradykinin, 

or endogenous catecholamines), may contribute to postnatal closure of the DA under 

physiologic conditions4' 9. Of greater importance is the role of prostaglandins (PGs), 

cyclooxygenase-mediated products of arachidonic acid metabolism, in the ontogenic 

and overall physiology of DA5' 8' 11 • Inhibitors of prostaglandin synthesis, either in 
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vitro or when administered in v1vo to pregnant animals near term, produce 

constriction of DA5• 8• 11 , reversible by PGE1 infusion1 \ indicating that it plays an 

active role in maintaining DA in a dilated state during normal fetal life. The patency 

or closure of the DA represents a balance between the constricting effects of oxygen, 

and perhaps certain vasoconstrictive substances, and the relaxing effects of several 

prostaglandins 7' 8• 

During the initial hours of constriction, any condition that lowers arterial 

blood p02 or increases circulating blood PGE2 concentrations may delay normal 

closure12. Likewise, before true anatomic closure occurs, the functionally closed DA 

may dilate with a reduced arterial blood p02 13 or increased PGE2 concentration. This 

may occur in asphyxial states and in the presence of any one of many different 

pulmonary diseases (e.g., meconium aspiration). Residing at a high-altitude location, 

a non pulmonary cause of arterial hypoxemia has been shown to produce delayed 

closure of the DA. The initial constriction of the DA is most prominent at its 

pulmonary arterial end and extends progressively toward the aorta, thus accounting 

for the typical cone shape of the small PDA in which the diameter at the aortic end is 

considerably larger than at the pulmonary end. In term infants, the anatomical 

closure may not be complete by 3 month postnatal age, persistence beyond 3 month 

defines PDA. 

Ontogenic differences in physiologic factors almost certainly account for the 

higher incidence of persistent patency of the DA (PDA) in preterm infants10• 

Sensitivity of DA smooth muscle to PGE2 is highest in preterms and decreases with 
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CJ(eview of Literature 

advancing gestation. In term infants, responsiveness is lost shortly after birth. 

Pulmonary metabolism is PGs is also is significantly reduced in immature lungs and 

thereby increased circulating concentrations of PGE2 as well as increased sensitivity 

are important contributors to persistent patency in preterm infants. 

As with all left-to-right shunts, with PDA three major, interrelated factors 

control the magnitude of shunting: diameter of the DA, governing the resistance 

offered to flow; the pressure difference between the aorta and the pulmonary artery; 

and the systemic and pulmonary vascular resistances. Normally after birth, systemic 

vascular resistance (SVR) i.e. afterload is high, whereas pulmonary vascular 

resistance (PVR) decreases when ventilation begins. As a result, systemic arterial 

blood pressure becomes higher than that in the pulmonary artery. With a small PDA, 

a high resistance to flow is offered by the small cross-sectional opening of the DA, 

so that the left-to-right "'Shunt will be small despite the large pressure difference. 

However, with a large communication, pressures tend to become equal, and the 

magnitude of shunting is then determined by the relationship of the systemic and 

pulmonary vascular resistances. For this reason left-to-right shunting through a PDA 

has been defined as dependent shunting14• Because systemic vascular resistance does 

not change significantly after birth, changes in pulmonary vascular resistance are the 

major determinant in regulating the left-to-right shunting through a PDA. 

The physiologic features associated with left-to-right shunting through a PDA 

depend on the magnitude of the left-to-right shunt and the ability to handle the extra 

volume load (15). Left ventricular output, which normally is high in the immediate 
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newborn period 16, is increased even further by the volume shunted left to right 

through the PDA 17. The resultant increase of pulmonary venous return to the left 

atrium and LV increases ventricular diastolic volume (preload) and thereby LV 

stroke volume (Frank- Starling's mechanism). In presence of significant left to right 

shunt, LV dilation may result in an increased LV end-diastolic pressure (L VEDP) 

with secondary increase in left atrial pressure. This may lead to signs of overt left 

heart failure with left atrial dilation and pulmonary edema15• If the increased volume 

load persists, hypertrophy of the ventricular myocardium will develop. Small to 

moderate left to right shunt are tolerated well. These compensatory mechanisms are 

ordinarily well developed in older children or adults; however, they are not as well 

developed in newborn infants and are even less so in prematurely born infants. 

In cases with large PDA, persistent LV volume overload leading to LV hypertrophy 

increases oxygen demand. This increased demand in the face of low coronary 

diastolic pressure head and associated tachycardia leading to shortened diastole as 

well as possible alteration ofL VEDP leads to inadequate myocardial perfusion18 • 

The incidence of isolated PDA in full-term infants is about 1 in 2,000 live 

births19, accounting for about 5% to 10% of all types of congenital heart disease. 

Unlike the DA in premature infants, in whom failure of closure is due to physiologic 

developmental retardation, the DA in full-term infants is abnormal, and failure to 

constrict is probably related to a significant structural abnormality. 

Patency of the DA may occur in more than one member of a family, 

suggesting possible genetic factors in certain instances. Recent gene linkage and 
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chromosome analysis studies in humans have shown abnormalities on chromosome 

12 in isolated PDA patients20 and on chromosome 16 in association with aortic 

aneurysm21 • 

In children with sma11 DA, pulmonary vascular resistance and therefore 

pulmonary arterial pressure norma11y decrease after birth. However, because the 

resistance to flow across the DA is high, only a sma11 left-to-right shunt develops. 

Pulmonary blood flow is increased only minima11y, and LV failure does not occur. 

Therefore, few patients are symptomatic, and attention is often brought to this 

condition only by the murmur detected at a routine physical examination. Physical 

growth is normal except in those children in whom maternal rube11a was present. 

Moderate DA in infants produce symptoms related to LV failure. Poor feeding, 

irritability, and tachypnea may be present, and weight gain is often slow. The 

symptoms ordinarily increase until about the second to third month of age. Chronic 

volume overload leads to compensatory myocardial hypertrophy and in many 

instances these infants improve considerably. Some, in fact, are detected only on 

subsequent routine physical examination, but close questioning wi11 yield the 

previous abnormal history. General physical development is slightly retarded, and 

easy fatigability may be present in the older child. Children with large DA on the 

other hand are invariably symptomatic with chronic heart failure, poor growth and 

recurrent respiratory tract infections. 

LV volume overload is frequently associated with PDA. Compensatory 

increase in cardiac output occurs by Frank- Starling mechanism and LV remodelling 
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helps in maintaining systemic circulation. Like other LV volume overload conditions 

e.g. mitral regurgitation (MR), aortic regurgitation (AR), ventricular septal defect 

(VSD), etc PDA also causes eccentric LV hypertrophy (L VH). L VH in these volume 

overload conditions is affected by addition of sarcomeres in series leading to 

lengthening of myocytes22 • 

Medical management of PDA is limited to control of congestive cardiac 

failure (CCF), treatment of recurrent respiratory tract infections and prophylaxis for 

infective endocarditis (IE). Closure of hemodynamically insignificant PDAs is 

controversial and some authors do not recommend routine closure of these ducts23• 

The only indication of closing small PDA is prevention of IE. In view of reports of 

IE even in patients with silent PDA24• 25, routine closure of PDA is gaining 

acceptance. In contrast, PDA with left to right shunt of hemodynamic significance 

(Qp:Qs > 1.5:1) require closure. 

Surgical ligation has been the gold standard with excellent immediate and 

long term outcomes (26). Over the last 3 decades, transcatheter closure has improved 

so much so that most of the PDAs are being closed percutaneously. The first device 

to gain widespread acceptance was developed by William Rashkind. Subsequently, 

several other devices like Gianturco coil27. 28, Amplatzer Duct Occluder (ADO) have 

been developed with increasing procedural success comparable to surgical closure 

and lesser immediate morbidity. Several trials have shown the efficacy of 

percutaneous closure of PDA with procedural success of 95- 98%, major 

complication rate < 1% and no mortalit/9- 33 . 
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Transcatheter closure of small PDA has been an acceptable modality for 

long while recently it has emerged as possible alternative to surgical ligation for 

large PDAs34- 35 . Percutaneous closure of PDA in small children and infants is 

challenging and surgical closure is usually considered in this subgroup of patients. 

However, recent studies have proven the efficacy of percutaneous closure of PDA in 

small children also36. Percutaneous closure is the current standard approach to PDA 

closure and is preferred over surgical closure. 

Hemodynamically significant PDA shares hemodynamic characteristics of 

significant AR and more so of MR. PDA of hemodynamic significance leads to 

elevated preload i.e. LV end diastolic volume (L VEDV) as well as afterload (LV 

wall stress). However afterlbad is arguably less than in AR as part of the stroke 

volume is ejected in low impedance pulmonary vasculature and not in high 

impedance aorta. LV volume overload in MR compensates with increase in L VEF 

with significant reduction in afterload. In contrast, AR compensation is mainly due to 

dilated LV and not improvement in LVEF. PDA possibly has both mechanisms i.e. 

LV cavity dilation as well as improvement in L VEF as the compensatory 

mechanism. The size (diameter) of PDA, magnitude of shunt and PVR are the main 

factors determining extent of LV volume and pressure overload and thus LVH14• 

Increased preload is expected to allow better diastolic filling (Starling's law) as well 

as increased stroke volume (Frank's law). The LV adapts to the volume overload by 

a series of compensatory changes, including LV enlargement and eccentric 

hypertrophi0 . Myocardial fibrosis, myofibrillar degeneration/ myocyte apoptosis, 

and dilatation of LV are increased with the progression of disease. The LV geometry 
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changes from an elliptical shape to a spherical shape. Eventually, the LV functions 

are impaired in untreated patients27• 39. 

Long term follow up in adults with chronic MR and AR has provided definite 

clues regarding cardiac dynamics in chronic volume overload conditions. Long 

standing MR and or AR has been documented to have LV systolic dysfunction ifleft 

untreated40• Both pre operative LVEF and LV end systolic diameter (LVESD) are 

important predictors of short and long term outcome after mitral valve replacement 

(MVR) or aortic valve replacement (A VR). The poor outcome of these patients with 

lower LVEF (<50% in chronic AR and< 60% in chronic MR) and higher LVESD 

(> 45 mm in chronic MR and > 55 mm in chronic AR) has led to guidelines for 

definitive for intervention in adults30• 

The main stimulus for LV hypertrophy in patients with PDA is LV volume 

overload and pressure overload as in chronic AR and MR. PDA closure either by 

surgical or trans-catheter closure is expected to reverse the LV remodelling. LV 

systolic dysfunction is a well described complication after MVR41 • Various 

investigators have documented variable degree of fall in L VEF after MVR42- 43 as 

well as after A VR which can be irreversible. The reversibility of LV systolic 

dysfunction has been postulated to be a function of duration of volume and or 

pressure overload5• In patients with chronic MR and AR there is reduction in total 

impedance to blood flow which rapidly increases after removal of the low resistance 

path after surgical or trans-catheter intervention. This sudden increase in afterload 
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leading to afterload mismatch has been postulated as the mam cause for 

postoperative LV systolic dysfunction in patients with MVR. 

Similar observation has been made recently by vanous investigators m 

patients with PDA. PDA closure by either surgery or trans-catheter closure leads to 

sudden reduction in the preload of LV as well as increase in LV afterload due to 

isolation of low impedance pulmonary circuit as a part of LV outflow. Thus sudden 

increase in afterload of LV sets in, maladaptation to which may manifest as LV 

systolic dysfunction. Simultaneous reduction in preload may complicate the LV 

function by impaired filling ofhypertrophied LV. 

LV afterload depends upon total impedance to forward flow of blood. In 

PDA, it depends upon the magnitude of shunt and PVR. With variability in shunt, 

size of PDA and PVR, it is conceivable to have variability in LV hypertrophy and 

therefore variability in response in post PDA closure period. Maladaptaion of 

hypertrophied LV to sudden afterload mismatch may affect LV systolic function 

adversely. However, only few patients develop LV systolic dysfunction after closure 

ofPDA. 

Since the inception of trans-catheter closure of PDA, large studies evaluating 

the safety and efficacy of percutaneous closure of PDA with coils or ductal occluder 

device have not reported post procedure LV systolic dysfunction. Few recent reports 

have highlighted this association. Kimball et al studied the effect of ductal ligation 

on ventricular performance and its determinants in 14 preterm neonates and 

compared with preterm controls. They studied ventricular performance, preload (LV 
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end diastolic dimension), afterload (end systolic wall stress) and contractility 

(velocity of circumferential shortening) by echocardiography before, immediately 

after and 24 hours post procedure. They documented higher values of fractional LV 

area change and lower values for LV wall stress in patients with PDA compared to 

the control group. At 24 hours of ligation, ventricular performance was not 

significantly changed while there were significant increases in systemic pressures 

and systemic vascular resistance but no change in wall stress or contractility. They 

concluded that the LV function is preserved in preterm neonates despite increase in 

afterload46 . 

Takahashi Y in their study on 18 term neonates studied effect of closure of 

DA on LV volume and systolic function. They assessed infants within 6 hours of 

birth and on day 5 clinically and by Doppler echocardiography. The LV end-diastolic 

volume, stroke volume, and cardiac output were more than 1.3-fold before the ductal 

closure, and the ejection fraction showed the similar change. However, the mean 

normalized systolic ejection rate, an index of contractility, and heart rate showed no 

significant difference. The Frank-Starling curve was obtained from the relationship 

between the LV end-diastolic and stroke volumes, and the LV performance was 

operated at a higher level on that curve when the ductus was open. Their data 

indicated that LV cardiac output was significantly higher during the patency of the 

ductus arteriosus and that this high cardiac performance might depend more on the 

Frank-Starling response to the volume load through the ductus arteriosus than on the 

increase of LV contractility and heart rate47 . 
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Galal et al studied 43 children, aged 3 months to 13 years who underwent 

percutaneous or surgical closure of isolated PDA. Patients were divided in two 

groups of patients based on PDA size, group A with large PDA (diameter 2: 3.1 mm; 

n = 27) and group B with small PDA (diameter <3 mm; (n = 16). In their 

retrospective analysis they had complete follow up of 34 patients. Group A patients 

(with large PDA) had significantly large L VEDD than those with small PDA, while 

all patients had similar L VESD, normal EF and FS. During follow up assessment 

L VEDD showed trend towards regression while L VESD remained static. L VEF and 

L VFS decreased significantly in patients with large PDA. Corresponding changes in 

patients with small PDA were not significant. However patients with large PDA who 

had LV systolic dysfunction seem to recover fairly quickly with normalisation of LV 

function in most of the patients within 3- 6 months of follow up. They reported one 

patient with persistent LV systolic dysfunction even after 1 year49. 

In their study Galal et al postulated mechanism contributing to LV systolic 

dysfunction. They hypothesised that following PDA closure, afterload increases 

secondary to removal of low impedance pulmonary circulation. This afterload 

mismatch possibly unmasks the pre-existing but unrecongnised LV systolic 

dysfunction, similar to post MVR LV systolic dysfunction. Another factor is 

reduction in preload in the face of dilated ventricle. Sudden reduction in preload, 

after PDA closure in already dilated, hypertrophied LV reduces muscle fiber stretch 

and thus contributes to LV systolic dysfunction49. 
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On the other hand there are reports of persistent late LV systolic dysfunction 

after closure of PDA. LV systolic dysfunction was reported to persist for 4 months 

after PDA closure in a 12 year old child48• Young- Hoon Jeong et al studied 45 adult 

patients prospectively. 28 underwent percutaneous closure of PDA while 17 had 

surgical closure. They did echocardiographic studies prior to closure, on day 1 (in 

percutaneous closure patients) or day 7 (in surgical closure patients) and then after~ 

6 months (follow up 17 ± 13 months). In both groups, L VEF and end-diastolic 

volume index were significantly decreased immediately after closure, whereas end

systolic volume index did not change. During the long-term follow-up period, end

systolic as well as end-diastolic volume indices decreased significantly in both 

groups and L VEF recovered compared to the immediate postclosure state. However, 

LVEF remained low compared to the preclosure state. Five patients (11.1 %) 

including 3 patients in the percutaneous closure group and 2 patients in the surgical 

closure group showed persistent late LV systolic dysfunction (EF < 50%). In 

stepwise, multiple logistic regression analysis, preclosure EF was the only 

independent predictor of late normal postclosure EF (p 0.008). Receiver operating 

characteristic curve analysis showed that preclosure EF ~ 62% had a sensitivity of 

72% and a specificity of 83% for predicting late normal L VEF after closure. They 

suggested that long standing volume overload and LV remodelling might cause some 

irreversible changes in LV myocardium and might lead to irreversible LV systolic 

dysfunction. Furthermore with prediction of persistent LV systolic dysfunction they 

recommended PDA closure before L VEF decreases to < 62%. They also pointed out 

less prominent immediate deterioration of LV function in percutaneous closure group 
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as compared to patients who underwent surgical closure of PDA. Authors suggested 

that it might be secondary to perioperative volume change, bleeding, physical and 

emotional stress and/or myocardial depressive effect of general anesthesia 5°. 

Eerola A et al in 2006 published their prospective study on the influence of 

percutaneous closure of PDA on LV size and function. In their study of 37 children 

(ages 0.6 to 10.6 years), the PDA was closed in 33. LV diastolic and systolic 

dimensions, volumes, and function were examined by two-dimensional (2D) and 

three dimensional (3D) echocardiography and serum concentrations of natriuretic 

peptides measured before PDA closure, on the following day, and 6 months 

thereafter. They had a control group of 36 healthy children of comparable ages. At 

baseline, LV diastolic diameter measured > 2 SD in 5 of 33 patients. In 3D 

echocardiography, a median LV diastolic volume measured 54 ml/m2 in the control 

subjects and 58.4 ml/m2 (p < 0.05) in the PDA group before closure and 57.2 ml/m2 

(p = NS) 6 months after closure. A median N:.terminal brain natriuretic peptide (pro

BNP) concentration measured 72 ng/1 in the control group and 141 ng/1 in the PDA 

group before closure (p < 0.001) and 78.5 ng/1 (p = NS) 6 months after closure. 

Patients differed from control subjects in indices of LV systolic and diastolic 

function at baseline. By the end of follow-up, all these differences had disappeared. 

Even in the subgroup of patients with normal-sized LV at baseline, the LV diastolic 

volume decreased significantly during follow-up. They concluded that changes in LV 

volume and function caused by PDA disappear by 6 months after percutaneous 

closure and even the children with normal-sized LV benefit from the procedure51 • 
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In another study from Korea in 43 pediatric patients with PDA, LV systolic 

function and diastolic parameters were analysed retrospectively. They found LV 

systolic dysfunction (defined as FS < 29%) in 8 patients, majority (7 of 8) of whom 

had change in FS > 20% while one patient had change in FS 10- 20%. They also 

demonstrated change in FS > 10% in 40% (14 of35) patients with post procedure FS 

> 29%. Larger amounts of pre-closure left-to-right shunting (Qp/Qs > 1.6) and higher 

pulmonary artery pressure (P A systolic pressure/ aortic systolic pressure > 0.32) 

were associated with an increased likelihood of FS <29% after closure with 

sensitivity of 86% and specificity of 84%. After 3 months of follow up they 

documented improvement in LV function 52 . 

PDA and LV diastolic function 

Chronic volume overload conditions causes LV hypertrophy and increasing 

myocardial fibrosis. Increased myocardial fibrosis is well correlated with worsening 

of diastolic function27• 30• 52 . The principal manifestation of such progression is a 

change in the geometry and structure of the L V27•30. Studies have documented LV 

diastolic dysfunction in chronic AR. Murat Cayli et al in their study on 88 subjects 

with chronic AR found LV diastolic dysfunction of various degrees in all patients 

with severe AR54. 

PDA has hemodynamics similar to chronic AR, however in addition has 

increased mitral inflow. This makes the assessment of LV diastolic function in PDA 

more difficult. In chronic MR echocardiographic assessment of LV diastolic function 

is affected by increased inflow across mitral valve. LV diastolic function assessment 
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by mitral Doppler includes assessment of mitral E velocity, A velocity, E/ A, E time 

velocity integral (TVI), A TVI, E TVI/ A TVI as well as E deceleration time (EDT). 

These parameters are based on relative contribution of LV filling in early diastole 

and late diastole. The patients with MR, PDA and other conditions with increased 

mitral inflow are expected to have abnormalities in these parameters. The proportion 

of LV filling in early diastole increases irrespective of alteration in LV compliance, 

solely because of increased flow across mitral valve. The early diastolic mitral 

annular velocity (E') was found to behave as a preload independent index of 

relaxation55. The mitral E/E' ratio (that is, the mitral E velocity corrected for the 

influence of relaxation) has been suggested as an estimate of LV filling pressures. 

With changes in volume status, changes in the annular or myocardial tissue velocities 

have been noted to be less than the corresponding changes in mitral flow velocities56• 

This has led to the conclusion that annular/myocardial velocities are relatively 

volume independent. Consequently, E' was proposed as an index of LV relaxation, 

and mitral E/E' ratio was considered as an estimate of LV filling pressures in 

subjects with preserved and reduced ejection fraction. In contrast a study by Bruch et 

al, demonstrated significant impact of LV stroke volume (SV) on mitral annular 

velocities derived from TDI. They showed that with increased SV caused by 

significant mitral or aortic regurgitation, systolic and diastolic annular myocardial 

velocity (S' and E' respectively) were significantly increased as compared to healthy 

controls. In contrast, in subjects with reduced SV because of ischaemic 

cardiomyopathy, dilated cardiomyopathy, or hypertensive heart disease, S' and E' 
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were significantly decreased. Using linear regressiOn analysis, SV related 

significantly with S' and E', with r values of 0.75 and 0.76, and to a lesser degree 

with A', respectively. SV was a stronger independent predictor of S' and E' than 

conventional systolic or diastolic parameters57 . 

It is widely accepted that increased early diastolic mitral velocity (E wave), 

reduced atrial contribution (A wave), and increased E/ A ratio are reliable markers of 

increased filling pressure58 particularly in patients with reduced LVEF. MR, which 

affects many of these patients, influences mitral inflow pattern in the same direction 

as LV diastolic dysfunction 59• 61 • It has been proposed that MR affects early LV 

filling by increasing left atrial pressure rather than through the volumetric importance 

of the regurgitation61 . 

PDA, by increasing E velocity may leads to increase E/ A, E TVII A TVI and 

rapid EDT. The interaction of increased inflow velocity, blood volume and alteration 

in LV compliance properties makes this assessment difficult. However associated LV 

remodelling and L VH makes LV diastolic dysfunction likely in patients with PDA. 

The rapid reduction in preload after percutaneous closure of PDA is likely to alter 

this. There are limited studies on LV diastolic parameters in cases with PDA. 

Eerola et al in their study found that early mitral peak flow velocity (E) was 

higher in the subjects with PDA compared to control group. The other indices of 

diastolic function (atrial peak flow velocity (A), E/A ratio, areas under the curves of 

theE and A waves orE TVIIA TVI, or deceleration rate of early diastolic flow) did 
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not differ from those of the control group. At follow up of 6 months, E, A, and 

deceleration rate of the early diastolic flow were lower than before the procedure. 

This might reflect decreased flow through the mitral valve, decreased sympathetic 

activity, and normalized LV compliance51 • 

Kim et al et al in their study demonstrated alteration in myocardial velocity as 

assessed by tissue doppler imaging (TDI).They found that systolic mitral annular 

velocity (S') was significantly decreased during the immediate post closure state with 

no further reduction at follow up. However, there was no significant early diastolic 

mitral annular velocity (E') either in immediate post closure or at follow up while 

late diastolic annular velocity (A') showed late reduction at follow up. These 

findings suggest that an immediate reduction in the preload after PDA closure may 

lead to decreased myocardial velocity during the systolic phase after the procedure. 

After preload reduction is accomplished, ventricular remodelling may occur slowly 

and lead to decreased myocardial velocity during the diastolic phase at follow-up. 

Previous studies have reported similar results; that is, changes in myocardial velocity 

after closure of a left-to-right shunt using a transcatheter device of atrial septal 

defect, which might have a volume reduction effect instead of inducing a real change 

in the myocardial velocitl2• In such cases, conventional function parameters showed 

no definite changes, but the systolic and diastolic myocardial velocities decreased 

significantll2• The changes in myocardial velocity were considered to be a response 

to the modified ventricular loading conditions62 . 
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Thus there are limited studies assessing LV systolic function in patients with 

PDA and its changes with PDA cJosure. Moreover most of these studies are 

retrospective analysis. LV diastolic function assessment in patients with PDA is not 

well studied. Hence this prospective study was planned to assess LV systolic and 

diastolic function in children with PDA and their changes in immediate post 

procedure period and at follow up. 

20 



}lims 4 06jectives 

AIMS AND OBJECTIVES 

1. To assess baseline LV systolic function in children with PDA and its 

alteration with percutaneous closure ofPDA. 

2. To assess hemodynamic and or echocardiographic predictors of post PDA 

closure LV systolic dysfunction. 

3. To assess LV diastolic function in children with PDA and alteration after 

percutaneous closure ofPDA. 
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MATERIALS AND METHODS 

Study design: Prospective, interventional study 

Study duration: Feb 2009- June 2009 

Study setting: Single, tertiary care hospital 

:Materia& e1, :Metfioas 

Study subjects: Children with PDA considered suitable for percutaneous closure 

Inclusion criteria 

1. Isolated patent ductus arteriosus 

2. Hemodynamically significant PDA i.e. clinically continuous or systolic 

murmur and/or L ~ R shunt> 1.5:1 

Exclusion criteria 

1. Silent PDA i.e. no murmur 

2. PDA not suitable for percutaneous closure 

a. Tubular PDA 

b. Window like PDA 

c. Inadequate ampulla 

3. Pulmonary vascular disease i.e. PVRI ~ 7 U. m2 

4. Associated congenital heart disease that might alter hemodynamic 

assessment 
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5. Associated conditions necessitating surgery e.g. coarctation of aorta, 

VSD, etc 

6. Significant left to right shunt flow after PDA device closure 

Patient selection 

AJI patients with PDA underwent clinical and trans-thoracic 

echocardiography (TTE) assessment. The demographic details including weight, 

height and body surface area (BSA) were coJlected. Those patients in whom PDA 

closure was indicated were assessed for suitability of percutaneous closure by trans

thoracic echocardiography with 4 and /or 7 MHz probes (Vivid 7, General 

electronics) on outpatient basis. Patients were assessed for hemodynamic 

significance of PDA by assessing left atrial, LV volume overload, gradient across 

PDA and pulmonary artery pressure assessment. Pulmonary artery pressure was 

predicted by either peak tricuspid regurgitation jet velocity (TR predicted right 

ventricular systolic pressure) or by systolic and diastolic gradients across PDA. 

Anatomic attributes of the ductus were assessed for its size, minimum diameter 

towards pulmonary end, shape, orientation of PDA as well as adequacy of ampulla 

on the aortic end. PDA size was measured in parasternal short axis & ductal view 

(Fig 1). 
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Fig.l: PDA by trans-thoracic echocardiography. a) parasternal short axis view, b) ductal view 

LV systolic function analysis 

1. M mode analysis: parasternal view 

LV end diastolic diameter (L VEDD) 

LV end systolic diameter (L VESD) 

LV ejection fraction (L VEF) 

LV fractional shortening (L VFS) 

2. Volumetric analysis: apical four chamber view 

LV end diastolic volume (L VEDV) 

LV end systolic volume (L VESV) 

LV diastolic function analysis 

1. Mitral pulse wave Doppler analysis 

Mitral E velocity (E) 

Mitral A velocity {A) 

Mitral E/A velocity ratio (E/A) 
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Mitral E time velocity integral (E TVI) 

Mitral A time velocity integral (A TVI) 

Mitral E/ A time velocity integral (E/ A TVI) ratio 

Mitral E deceleration time (EDT) 

2. Mitral annular velocity by tissue Doppler imaging 

Septal mitral annular E velocity (E') 

Mitral E/E' (septal) 

Other parameters 

'Materia[s a 'Methods 

Left atrium (LA) dimension (anteroposterior) in parasternal view 

Aortic (Ao) dimension (anteroposterior) in parasternal view 

LA/ Ao dimension ratio 

Cardiac catheterisation and procedure details 

After obtaining informed consent, procedure was done m cardiology 

catheterisation laboratory with standard aseptic precaution and hemodynamic 

monitoring. Standard antibiotic prophylaxis was administered. The procedure was 

done with intravenous sedation by pediatric cardiac anesthetist. Femoral vein access 

was achieved by modified Seldinger technique. In patients with PDA with left to 

right shunt of borderline hemodynamic significance, shunt assessment was done 

using Fick's principle. Basal aortic and pulmonary arterial (PA) pressures were 

measured. All patients with Qp:Qs > 1.5:1 with no evidence of irreversible pulmonary 

vascular disease were planned for PDA device closure. PDA was crossed from 

venous end and pigtail catheter was placed in descending aorta. Aortic arch 
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angwgram was taken in lateral and/or right anterior oblique view (Fig. 2). The 

smallest size of the ductus at the pulmonary end as well as ampulla was measured in 

lateral view by quantitative fluoroscopy using catheter size and magnification factor. 

The device size was selected 1- 2 mm larger than the smallest size of ductus at 

pulmonary end. In the event of significant residual shunt flow, device was upsized. 

The details of procedure were also obtained including PDA size on 

angiogram, aortic and pulmonary artery pressure and size of the device used to close 

the ductus. 

Fig.2: Aortogram a) lateral view, b) right anterior oblique view 

Deployment of Amplatzer type ductal occluder device 

All patients thus selected for percutaneous closure of PDA underwent PDA 

closure by Amplatzer type ductal occluder device. The technique of device 

deployment was similar to standard technique described in the literature. 
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After deployment and positioning of device across PDA, echocardiography 

was done to assess device position, residual shunt as well as any evidence of 

increased left pulmonary artery (LPA) and descending thoracic aorta (DTA) velocity. 

After confirmation of proper position, no significant residual shunt and inappropriate 

flow acceleration in LP A or DT A, PDA occluder device was released. Post device 

release re-evaluation was done with trans-thoracic echocardiography. 

Post procedure period and follow up 

Subjects who underwent successful percutaneous closure of PDA with no 

significant residual shunt or complication were observed clinically for 24 hours with 

pre discharge trans-thoracic echocardiography after 24 hours. At discharge no 

medications were prescribed other than oral antibiotics for 3 days. 

All patients underwent repeat clinical and echocardiography assessment at 

follow up. The weight, height and BSA were collected at follow up. 

Definitions 

LV systolic dysfunction: L VEF < 50%50 and/or decrease in L VEF by> 10% 

Large patent ductus arteriosus: 

PDA size (by angiography)> 3 mm49 

Pulmonary arterial hypertension: 

Mean pulmonary artery pressure > 25 mm Hg 64• 65 
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STATISTICAL ANALYSIS 

Statistical analysis was done with the standard SPSS 15 software. Categorical 

data were presented as frequencies and compared using the Fisher exact test. 

Continuous variables were presented as mean ± SD and compared using 2 tailed 

Student t test. Correlation between 2 continuous variables was evaluated using linear 

regression and Pearson's correlation analysis. Multiple stepwise linear regression 

analysis was performed to identifY pre closure determinant of post closure LVEF. 

Multivariate stepwise logistic analysis using backward stepwise elimination was 

performed to evaluate independent pre closure predictors for the post closure LV 

systolic dysfunction. Receiver operator characteristic (ROC) curve analysis was 

performed to obtain most predictive values of variables predicting LV systolic 

dysfunction. A p value of< 0.05 was considered significant. 
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OBSERVATION AND RESULTS 

During the study period, 39 patients underwent percutaneous PDA closure. 

Thirty four were included in the study. Among five patients not included in the 

study, 4 were aged > 18 years, while 1 had associated heart disease (ventricular septal 

defect). Two of the patients included in the study were not analysed as they had 

significant residual shunt. Thus 32 patients were taken for follow up and final 

analysis. 

The mean age of the patients was 48 ± 39 months (median 35 months, range 

8- 150 months). Fourteen (44%) patients were aged :::; 24 months. Twenty three 

(72%) were female; while rest 9 (28%) patients were male. The female to male ratio 

was 2.5. The follow up evaluation could be done in all 32 study subjects. The mean 

follow up duration was 139 ±30 days (median 149 days, range 90- 179 days). The 

baseline demographic parameters are depicted in table 1. 

Tablet. Baseline patient characteristics (n = 32) 

Mean±SD Median Range 
Age (months) 48±39 35 8-150 
Weight (Kg) 12.8 ± 7 10.8 5-35 
Height (em) 93.6± 22.6 89 64- 151 
Body surface area (m2) 0.57 ± 0.23 0.51 0.3- 1.2 

) Baseline echocardiography 

M mode and systolic function assessment 

The mean LVEDD was 37 ± 5.6 mm and mean LVESD was 23.9 ± 3.9 mm. 

The LVEF ranged from 59- 76% with mean LVEF 65.5 ± 3.9%. The mean indexed 
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L VEDV (L VEDVI) and L VESV (L VESVI) were 83.8 ± 27.4 mllm2 and 30.3 ± 11.7 

ml/m2 respectively. 

Diastolic function assessment 

The mitral pulse Doppler showed E/A ratio ranging from 0.9- 3.0 with mean 

of 1.9 ± 0.6 mm with mean E velocity 139.3 ± 15.5 cm/s and mean A velocity 82 ± 

26 cm/s. The mean E TVI and A TVI were 18.3 ± 2.2 em and 5.4 ± 2 em respectively 

with mean E TVII ATVI ratio 3.9 ± 1.5. The mean mitral septal E' was 14.5 ± 4.7 

cm/s while mitral E/E' ratio ranged from 6.7 to 17.7 with mean mean E/E' ratio 10.7 

± 3.7. The echocardiographic parameters at baseline are summarised in table 2. 

Table 2: Pre PDA closure echocardiographic parameters 

Mean±SD Median Range 

LVEDD (mm) 37 ± 5.6 38.0 26.0- 52 

LVESD (mm) 23.9 ± 3.9 24.0 17.0- 35 

LVEF (%) 65.5 ± 3.9 65.5 59.0-76 

LVFS (%) 34.6 ± 3.5 34.0 29.0-43 

L VEDVI(ml/m") 83.8 ± 27.4 84.7 34.4- 142 

L VESVI (ml/mL) 30.3 ± 11.7 29.9 11.7-61.7 

LA/Ao 1.34 ± 0.13 1.3 1.2-1.7 

Mitral E (cm/s) 139.3 ± 15.5 136 110- 165 

Mitral A (cm/s) 82±26 73 52-140 

Mitral E/A 1.9 ± 0.6 1.9 0.9-3.0 

Mitral E TVI (em) 18.3±2.2 18 14-23 

Mitral A TVI (em) 5.4 ± 2.0 4.6 3.3-9.8 

Mitral E/A TVI (em) 3.9 ± 1.5 4.3 1.5- 6.7 

Mitral EDT (msec) 169 ± 16.8 170 130-190 

Mitral E' (septal) 14.6 ± 4.7 17 7-20 

Mitral E/E' (septal) 10.7 ± 3.7 9.0 6.7- 17.7 

PDA size on echo (mm) 3.1 ± 1 3 2-6 

PDA gradient systolic (mm Hg) 83.8 ± 17.4 85.5 37- 115 

PDA gradient diastolic (mm Hg) 31.8 ± 13.4 36 3-49 
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Baseline procedural characteristics 

The mean size of PDA on lateral aortic arch angiogram was 3.1 ± 1.2 mm, 

smallest PDA measured 1.7 mm while the largest one was 7.6 mm at its narrowest 

point. Fourteen (44%) patients had large PDA (angiographic PDA size> 3 mm). The 

indexed PDA size ranged from 1.75- 16 mm/m2, mean 6.3 ± 3.3 mm/m2. Four 

(12.5%) patients had evidence of pulmonary arterial hypertension. The mean PDA 

device size (at pulmonary end) was 5.6 ± 1.5 mm. The procedure related parameters 

are shown in table 3. 

Table 3: Baseline procedural characteristics 

Mean±SD Median Range 
PDA size on angio (mm) 3.1 ± 1.2 2.8 1.7-7.6 

PDA size angio/BSA (mm/m2) 6.3 ± 3.3 5.7 1.75- 16 

SBP (mmHg) 96 ± 11.8 95.5 76-120 

DBP(mmHg) 53± 12 51.0 30-80 

MAP(mmHg) 68 ± 10 68.0 50-88 

PASP (mmHg) 27.5 ± 11 25.0 15-60 
PADP(mmHg) 14± 6 13.0 7-36 

PAMP(mmHg) 19.7 ± 8 18.0 8-47 
PDA device size (P A end) (mm) 5.6 ± 1.5 6.0 4- 10 

Immediate (day 1) post PDA closure echocardiography 

M mode and LV systolic function 

The mean LVEDD reduced from 37 ± 5.6 mm to 34.4 ± 4.6 mm. The mean 

LVESD decreased from 23.9 ± 3.9 mm to 22.6 ± 4 mm. The decrease in mean LVEF 

was from 65.5 ± 3.9% to 60.9 ± 8% while corresponding change in LVFS was 34.6 

± 3.5 % to 31.9 ± 5.3 %. Eight patients had LV systolic dysfunction, four of which 

had L VEF < 50% while other four patients had L VEF reduction of 2: 10% from 

baseline LVEF. The LVEDVI showed significant reduction from 83.8 ± 27.4 m1/m2 
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to73.9 ± 23.6 ml/m2 while LVESVI had reduction from 30.3 ± 11.7 mllm2 to 29.4 ± 

12.7 ml/m2• The changes in LVEDD, LVESD, LVEF, LVFS and LVEDVI were 

statistically significant (p < 0.001 ). However the reduction in L VESVI did not reach 

level of significance (p 0.2). The mean LA size also decreased from 23 ± 4.4 mm to 

22 ± 3.7 mm (p < 0.001) with significant reduction in LA/Aorta ratio (p < 0.001) 

LV diastolic function 

There was significant reduction in mitral E and A velocity (p < 0.001 and 

0.012 respectively). However the reduction in mitral E/A ratio was statistically not 

significant (p 0.69). The analysis mitral time velocity, integral (TVI) showed 

significant reduction in mitral E TVI from 18.3 ± 2.2 em to 17.3 ± 1.5 em (p 0.004). 

The change in A TVI was not significant (p 0.16), however the El A TVI ratio 

showed significant reduction from 3.9 ± 1.5 to 3.26 ± 1.5 (p 0.009). The mitral E 

deceleration time (EDT) did not show significant change (p 0.44). The mitral E' 

velocity did not change significantly (p 0.213. The reduction in mitral E/E' ratio 

from 10.7 ± 3.7 to 9.9 ± 3.3 was statistically significant (p 0.037). Thus there were 

significant reductions in peak early and late diastolic velocities; however the relative 

contribution of early diastolic filling reduced as shown by significant reduction in E 

TVI/A TVI ratio with no significant change in A TVI. The change in mitral E/E' was 

mainly due to reduced mitral E velocity with insignificant change in mitral annular 

velocity. The comparison of echocardiographic parameters at baseline and 1 day post 

PDA device closure are summarised in table 4. 
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Table 4: Changes in various echocardiographic parameters on day 1 post closure 

Pre PDA closure Day 1 Post closure p value 

LVEDD (mm) 37 ± 5.6 34.4 ± 4.6 < 0.001 

LVESD(mm) 23.9 ± 3.9 22.6 ± 4.0 < 0.001 

LVEF (%) 65.5 ± 3.9 60.9 ± 8.0 < 0.001 

LVFS (%) 34.6 ± 3.5 31.9±5.3 < 0.001 

L VEDVI (mllm1 ) 83.8 ± 27.4 73.9 ± 23.6 < 0.001 

L VESVI (mllm1 ) 30.3 ± 11.7 29.4 ± 12.7 0.20 

LA size (mm) 23 ± 4.4 22 ± 3.7 < 0.001 

LA/Ao 1.34 ± 0.13 1.25 ± 0.12 < 0.001 

Mitral E velocity (cm/s) 139.3 ± 15.5 128.9 ± 14.1 < 0.001 

Mitral A velocity (cm/s) 82± 26 72.4 ± 11.1 0.012 

Mitral E/A 1.9 ± 0.6 1.8±0.4 0.690 

Mitral EDT (msec) 169 ±16.8 170.6 ± 12.4 0.448 

Mitral E TVI (em) 18.3±2.2 ' 17.3 ± 1.5 0.004 

Mitral A TVI (em) 5.4 ± 2.0 5.3 ± 2.2 0.166 

Mitral E/A TVI 3.9 ± 1.5 3.26 ± 1.5 0.009 

Mitral E' (cm/s) 14.6 ± 4.7 14.4 ± 4.4 0.553 

Mitral E/E'(septal) 10.7±3.7 9.9 ± 3.3 0.037 

Follow up assessment 

The follow up echocardiogram was done after a mean follow up of 139 ± 30 

days. The mean weight and at follow up were 14.2 ± 6.5 Kg and 96.6 ± 21.8 em 

respectively. The mean BSA was 0.6 ± 0.22 m2. The improvement in weight, height 

and BSA on follow up was statistically significant (p < 0.001 ). 

M mode and systolic function 

There was significant reduction in L VEDD and L VESD compared to baseline 

with mean LVEDD 31.9 ± 5.1 mm and mean LVESD 20.5 ± 2.7 mm (< 0.001). The 

reduction in L VEDD and L VESD was also significant compared to values on day 1 
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post PDA closure (p 0.001 and < 0.001 respectively). The mean LVEF increased 

from basal (65.5 ± 3.9%) and day 1 (60.9 ± 8%) to 67.2 ± 3.9% at follow up (p 0.012 

and < 0.001 respectively). L VFS at follow up was significantly higher than on day 1 

post PDA closure (p < 0.001); however compared to baseline LVFS this change was 

not significant (35.5 ± 3.1% and 34.6 ± 3.5% respectively, p 0.24). The reductions in 

the mean L VEDVI as well as L VESVI were significant compared to baseline as well 

as day 1 post PDA closure values (p < 0.001 ). LA size showed reduction from day 1 

post closure; however this did not reach level of significance (p 0.30). The decrease 

in LA size was significant compared to baseline value (0.004). The reduction in 

LA/ Aorta ratio however was significant from baseline as well as on day 1 post PDA 

closure (p < 0.001 and 0.009 respectively). 

Thus there was significant reduction in L VEDD, L VESD and L VEDVI on 

day 1 post PDA closure. However the reduction in L VESVI was not significant. This 

relatively less reduction in L VESVI led to reduction in mean L VEF and L VFS. At 

follow up there was significant reduction in L VEDD, LVESD, L VEDVI as well as 

LVESVI compared to baseline and day 1 echocardiography. None ofthe patients had 

persistent LV systolic dysfunction at follow up. 

LV diastolic function 

Compared to values obtained on day 1 post PDA closure, the mean mitral E 

velocity at follow up was not significantly different (p 0.326). The mean mitral A 

velocity decreased from 72.4 ± 11 cm/s to 67.3 ± 9.9 cm/s (p 0.002) while E/A ratio 

increase was insignificant (p 0.13). Similarly mean E TVI remained similar (p 0.546) 
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whereas there was significant reduction in A TVI and increase in E/ A TVI ratio 

(p < 0.001 & < 0.001 respectively). There was significant increase in mitral E' 

velocity (p 0.028). The change in mean mitral E/E' ratio was not significant. The 

changes in various parameters during follow up are depicted in table 5. 

Table 5: Changes in various echocardiographic parameters during follow up 

Pre Day 1 p* Follow up p ** 
Weight (Kg) 12.8 ± 7 14.2 ± 6.5 < 0.001 # 

Height (em) 93.6 ± 22.6 96.6 ± 21.8 <0.001# 

BSA (m2) 0.57 ± 0.22 0.61 ± 0.22 < 0.001# 

LVEDD(mm) 37 ± 5.6 34.4 ± 4.6 < 0.001 31.9±3.9 0.001 

LVESD(mm) 23.9 ±3.9 22.6 ± 4.0 < 0.001 20.5 ± 2.7 < 0.001 

LVEF (%) 65.5 ± 3.9 60.9 ± 8.0 < 0.001 67.2 ± 3.9 < 0.001 

LVFS (%) 34.6 ± 3.5 31.9 ± 5.3 < 0.001 35.3 ± 3.1 < 0.001 
L VEDVI (ml/m2) 83.8 ± 27.4 73.9 ± 23.6 < 0.001 54.1 ± 15 < 0.001 

L VESVI (ml/m2) 30.3 ± 11.7 29.4 ± 12.7 0.20 20.5 ± 6.7 < 0.001 

LA size (mm) 23 ± 4.4 22 ± 3.7 < 0.001 21.6 ± 3.3 0.30 
LNAo 1.34 ± 0.13 1.25 ± 0.12 < 0.001 1.2 ± 0.1 0.009 
Mitral E (em/s) 139.3 ± 15.5 128.9 ± 14.1 < 0.001 126.8 ± 12 0.326 
Mitral A (em/s) 82 ± 26 72.4 ± 11.1 0.012 67.3 ± 9.9 0.002 
Mitral E/A 1.9 ± 0.6 1.8±0.4 0.690 1.9 ± 0.3 0.135 

Mitral EDT (msee) 169.1 ± 16.8 170.6 ± 12.4 0.448 173 ± 10.3 0.006 
Mitral E TVI (em) 18.3 ± 2.2 17.3 ± 1.5 0.004 17.4± 1.6 0.546 
Mitral A TVI (em) 5.4 ± 2.0 5.3 ± 2.2 0.166 4.1 ± 1 < 0.001 
Mitral E/ A TVI 169 ± 16.8 3.26 ± 1.5 0.009 4.4± 0.8 < 0.001 
Mitral E' (em/s) 14.5 ± 4.7 14.4 ± 4.4 0.553 15 ± 4.2 0.028 
Mitral E/E'(septal) 10.7 ± 3.7 9.9 ± 3.3 0.037 9.4 ± 3.7 0.079 

p* between pre & day 1, p** between day 1 & follow up, #between pre & follow up 

Thus compared to day 1 PDA closure, at follow up there was significant 

reduction in mitral A velocity as well as A TVI suggesting reduction in relative late 

diastolic contribution to total LV filling. 
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Immediate (day 1) post PDA closure LV systolic dysfunction 

Eight (25%) of the patients had post PDA closure LV systolic dysfunction on 

day 1 assessment. The mean L VEDD in patients with LV systolic dysfunction was 

similar to that in patients with normal LV systolic function (p 0.1 ). These patients 

had larger mean LVESD (26.9 ± 4.3 versus 22.9 ± 3.2, p 0.009), LVEDVI (107 ± 

24.9 versus 89 ± 23.9, p 0.001) and LVESVI (43.3 ± 0.3 versus 25.9 ± 8.7, p < 

0.001). The pre PDA closure mean LVEF was significantly lower in patients who 

developed LV systolic dysfunction (61.4 ± 1.9 versus 66.9 ± 3.4, p < 0.001). 

The mean mitral E velocity in patients with LV systolic dysfunction was 130 

±16 as against 142 ±14.5 cm/s in patients with normal LV systolic function (p 

0.054). The mitral A velocity was higher in these patients (114 ±24 cm/s versus 71.3 

±16.4 crn!s, p < 0.001). TheE/A ratio was lower (1.24 ±0.6 versus 2.1± 0.5, p < 

0.001), mitral EDT longer (180 ±10.8 msversus165.5 ±3.5 ms, p 0.029), E TVI lesser 

(p 0.012), A TVI more (p < 0.001), E TVI/ A TVI ratio less(< 0.001) in patients with 

LV systolic dysfunction. The mean mitral E' velocity was significantly lower (p < 

0.001) with higher E/E' (septal) ratio (p < 0.001) in patients with LV systolic 

dysfunction. Thus in patient with LV systolic dysfunction predominant LV filling 

was contributed by late diastolic filling. The mean mitral septal E' was also 

significantly lower in these patients. 

The mean absolute PDA size on angiogram was 4 ± 1. 79 mm in patients with 

LV systolic dysfunction compared to 2.8 ± 0.83 in patients with normal LV function 

(p 0.013). The pulmonary artery systolic, diastolic and mean pressure was 

significantly higher in patients with LV systolic dysfunction (p 0.002, < 0.001 and 
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0.001 respectively). The difference in mean aortic systolic and mean pressure was 

not significant; however mean diastolic aortic pressure in patients with LV systolic 

dysfunction was lower (45 ± 8.48 mm Hg) compared to 55.3 ± 12.37 mm Hg in 

patients with normal LV systolic function (p 0.04). The comparison of various 

parameters in patients with or without LV systolic dysfunction are summarised in 

table 6. 

Table 6: Comparison of baseline parameters in patients with or without LV 

systolic dysfunction 

LV dysfunction No LV dysfunction 
p (n =8) (n = 24) 

Age (mo) 38.8 ± 38 51± 39.7 0.438 

BSA 0.5 ± 0.22 0.59 ± 0.22 0.351 
LVEDD(mm) 39.8 ± 6.7 36.0 ± 5 0.106 
LVESD(mm) 26.9 ± 4.3 22.9 ± 3.2 0.009 
LVEF(%) 61.4 ± 1.9 66.9 ± 3.4 < 0.001 

LVFS (%) 31.8±2.3 35.5 ± 3.4 0.006 
L VEDVI (ml/m2) 107.3 ± 24.9 89± 23.9 0.001 
L VESVI (ml/m2) 43.3 ± 10.3 25.9± 8.7 < 0.001 
LA size (mm) 24± 6.57 22.8 ± 3.5 0.522 

LA/Ao 1.46 ± 0.16 1.31 ± 0.10 0.003 
PDA SIZE ANGlO (mm) 4.03 ± 1.8 2.8 ± 0.8 0.013 
PDAIBSA 8.8 ± 4.2 5.5 ± 2.6 0.012 
SBP(mmHg) 93.8 ± 11.5 96.7 ± 11.9 0.541 
DBP(mmHg) 45.3 ± 8.5 55.3 ± 12.4 0.042 
MAP(mmHg) 61.8 ± 8.2 69.7 ± 10.4 0.058 
PASP(mmHg) 37.7± 17.3 24.2 ± 5.3 0.002 
PADP(mmHg) 20.5 ± 8.8 12 ± 2.8 0.000 
PAMP(mmHg) 27.6 ± 12.7 17 ± 3.9 0.001 
Mitral E (em/s) 130 ± 16 142.4 ± 14.5 0.054 

Mitral A (cm/s) 114± 24 71.3 ± 16.4 < 0.001 

Mitral E/A 1.24 ± 0.6 2.1 ± 0.5 < 0.001 
Mitral EDT (msee) 180 ± 10.8 165.5 ± 3.5 0.029 
Mitral E TVI (em) 16.6 ± 1.6 18.8 ± 2.1 0.012 

Mitral A TVI (em) 7.7 ± 2.0 4.6± 1.3 < 0.001 
Mitral E/ A TVI 2.4 ± 0.8 4.4 ± 1.27 < 0.001 
Mitral E' (cm/s) 8.5 ± 1.34 16.6 ± 3.5 < 0.001 
Mitral E/E' 15.5 ± 1.9 9±2.7 < 0.001 
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The patients with LV systolic dysfunction on day 1 post PDA closure had 

significant reduction in L VEDD, L VEDVI, LA size and LA/ Aorta ratio. The mean 

L VESD pre PDA closure was 26.9 ± 4.3 mm, which reduced marginally to 26.4 ± 4 

mm on day 1 (p 0.05). Similarly the mean L VESVI, pre PDA closure and on day 1 

was 43.3 ± 10.3 ml/m2 and 45 ± 11 ml/m2 respectively (p 0.165). In contrast there 

was significant reduction in L VEDD, L VESD, L VEDVI, L VESVI, LA size as well 

as LA/ Aorta ratio in patients with normal LV function on day 1 post closure. The 

mean L VEF in patients with LV systolic dysfunction decreased from 61.4 ± 1.9 % to 

50.2 ± 1.8% (fall of 11.2 %, p < 0.001) while corresponding values ofLVEF in 

patients with preserved LV function on day 1 post closure were 66.9 ± 3.4 % and 

64.4 ± 5.8 % (fall of 2.5 %, p 0.008). Thus there was insignificant reduction in 

L VESD and L VESVI in patients who had LV systolic dysfunction. These patients 

had more fall in L VEF with lesser mean L VEF on day 1 post closure compared to 

patients with normal LV function. 

Among patients with LV systolic dysfunction, there was significant reduction 

in mitral A velocity from 114 ±24 crn!s to 84 ±9.5 crn!s (p 0.017). Other parameters, 

mitral E velocity, A velocity, E/ A ratio, E TVI, A TVI, E TVI/ A TVI ratio as well as 

mitral E/E' did not show significant change. In contrast patients with normal LV 

function had significant reduction in mitral E, E TVI and ETVI/ A TVI ratio. The 

mitral A velocity decreased, thought not significant (p 0.27), while mitral A TVI 

increased from 4.6 ±1.3 to 5.2 ± 1.7 (p 0.026) in patients with normal LV systolic 

function. The reduction in mitral E' as well as E/E' ratio in either of the groups was 

not significant {p 0.22 and 0.079). Thus there was significant reduction in early 
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diastolic contribution to LV filling in patients with normal LV systolic function. In 

contrast there was insignificant change in diastolic filling pattern in patients with LV 

systolic dysfunction compared to baseline. The comparative changes in 

echocardiographic parameters in patients with or without LV systolic dysfunction is 

shown in table 7. 

There was no patient with persistent LV systolic dysfunction at follow up. 

The L VEDD, L VESD, L VEDVI as well as L VESVI decreased at follow up. The 

mean LVEF improved from 50.2 ± 1.8 % on day 1 post closure to 63.9 ± 3.3 % at 

follow up (p < 0.001). The mean LVESVI decreased from 45.1 ± 11 ml/m2 on day 1 

to 25.2 ± 7.8 ml/m2 (p 0.003). Thus there was no significant reduction in LVESVI on 

day 1 post closure which decreased significantly at follow up. The diastolic function 

parameters showed late significant increase in mitral E velocity, E/ A ratio, E TVI/ 

A TVI ratio with significant reduction in mitral A velocity. The change in mitral E' 

and E/E' (septal) ratio was not significant (p 0.255 and 0.856 respectively), however 

there was trend towards increase in mitral E' with reduction in mitral E/E' ratio. 

Thus there was late reduction in contribution of late diastolic mitral inflow in LV 

filling. The pre closure, day 1 post closure and follow up echocardiographic 

parameters are summarised in table 8. 
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Table 7: Pre & day 1 post closure parameters in patients with or without LV 

systolic dysfunction 

LV systolic dysfunction (n = 8) Normal LV function (n = 24) 

Pre Dayl p Pre Dayl p 
LVEDD 39.8 6.7 34.9± 5 < 0.001 36.0 ± 5 32.6 ± 4.3 < 0.001 

LVESD 26.9± 4.3 26.4± 4 0.05 22.9 ± 3.2 21.4±3.1 < 0.001 

LVEF (%) 61.4 ± 1.9 50.2 ± 1.8 < 0.001 66.9 ± 3.4 64.4 ± 5.8 0.008 

LVFS (%) 31.8±2.3 26.3 ± 3.4 0.006 35.5 ± 3.4 33.7 ± 4.4 0.018 

LVEDVI 107 ± 24.9 94.7± 23 < 0.001 89 ± 23.9 66.9± 19.6 < 0.001 

LVESVI 43.3 ± 10.3 45 ± 11 0.165 25.9 ± 8.7 24.2 ± 8.1 0.02 

LA size 24 ± 6.57 22.5 ± 5.6 0.08 22.8 ± 3.5 21.8 ± 2.9 0.002 

LA/Ao 1.46 ± 0.16 1.3 ± 0.1 0.019 1.3±0.10 1.2 ± 0.1 < 0.001 

Mitral E 130 ±16 117± 13 0.131 142 ± 14.4 133 ± 12 < 0.001 

Mitral A 114± 24 84 ± 9.5 0.017 71 ± 16.4 68.5 ± 8.7 0.27 

Mitral E/A 1.2 ± 0.6 1.4 ± 0.3 0.52 2.1 ± 0.5 2.0 ± 0.3 0.21 

Mitral EDT 180 ± 10.8 179 ± 5.8 0.76 166 ± 16.9 168 ± 12.8 0.277 

Mitral E TVI 16.6 ± 1.6 16.4 ± 1.3 0.74 18.8 ± 2.1 17.7±1.4 0.001 

Mitral A TVI 7.7± 2.0 7.3 ± 1.6 0.09 4.6 ± 1.3 5.2 ± 1.7 0.026 

EIA TVI 2.4 ± 0.8 2.25 ± 0.8 0.81 4.4 ± 1.3 3.8 ± 1.3 0.001 

Mitral E' 8.5 ± 1.34 8.6 ± 1.6 0.893 16.6 ± 3.5 16.3 ± 3.2 0.433 

Mitral E/E' 15.5 ± 1.9 13.9 ± 2.5 0.229 9.1 ± 2.7 8.6± 2.2 0.079 

T bl 8 E h a e : c ocar .hLV trd f f 10grap1 IC assessment m patients wit sys o IC 1ys unc ton 
Pre Day 1 p* Follow up p ** 

LVEDD(mm) 39.8 ± 6.6 34.9 ± 5.1 < 0.001 32.1 ± 4.5 0.001 
LVESD(mm) 26.9 ± 4.3 26.4 ± 4.2 0.05 22.9± 3.2 < 0.001 
LVEF (%) 61.4 ± 1.8 50.2 ± 1.8 < 0.001 63.9 ± 3.3 < 0.001 
LVFS (%) 31.8 ± 2.3 26.3 ± 3.4 0.006 35.1 ± 3.2 < 0.001 
LVEDVI (ml/m2) 107.3 ± 24.9 94.7 ± 23 < 0.001 60.7 ± 16.6 0.004 
L VESVI (ml/m:t) 43.3 ± 10.3 45.1 ± 11 0.165 25.2 ± 7.8 0.003 
LA size (mm) 24± 6.6 22.5 ± 5.6 0.08 22.1 ± 5.2 0.787 
LNAo 1.46 ± 0.16 1.3±0.1 0.019 1.2 ± 0.1 0.078 
Mitral E (em/s) 130 ±16 117± 13 0.131 128 ± 13 0.003 
Mitral A (em/s) 114 ± 24 84± 9.5 0.017 79±7 0.072 
Mitral E/A 1.2 ± 0.6 1.4±0.3 0.52 1.6 ± 0.2 0.001 

.... Mitral EDT (msee) 180 ± 10.8 179 ± 5.8 0.76 178± 7 0.351 
Mitral E TVI (em) 16.6 ± 1.6 16.4 ± 1.3 0.74 16.1 ± 1.6 0.351 
Mitral A TVI (em) 7.7± 2.0 7.3 ± 1.6 0.09 4.9± 1.6 0.006 
Mitral E/ A TVI 2.4 ± 0.8 2.25 ± 0.8 0.81 3.5 ± 0.8 0.003 
Mitral E' (em/s) 8.5 ± 1.34 8.6 ± 1.6 0.893 9.7±3 0.225 
Mitral E/E' 15.5 ± 1.9 13.9± 2.5 0.229 14.1 ± 3.7 0.856 

p* between pre and day 1, p** between post and follow up 
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.Predictors of post (day 1) PDA closure LV function 

Multiple linear regression analysis 

Multiple baseline demographic, echocardiographic and hemodynamic 

variables were assessed for their relation with post closure LV function. In analysis 

by multiple linear regression, the best predictors of post closure L VEF were baseline 

LVESD (~- 0.76, p 0.01), baseline LVEF (~ 1.29, p < 0.01), PDA diastolic gradient 

(~ 0.22, p < 0.01) and angiographic PDA size (~ 1.65, p 0.07). None of the other 

variables (L VEDD, L VEDVI, L VESVI, L VFS, LA size, indexed PDA size and P A 

pressures) were significant predictor of post closure LVEF. The results of multiple 

regression analysis are shown in table 9. 

Table 9: Multiple linear regression analysis for predicting post closure LVEF 

Variables B p 

LVESD -0.76 0.01 

LVEF 1.29 < 1.29 

PDA diastolic gradient 0.22 < 0.01 

PDA size (angio) 1.65 0.07 

*(3 constant -17.33, R2 = 0.78 

Post closure L VEF = 

17.33 + 0.76 x LVESD + 1.29 x LVEF + 0.22 x PDA diastolic gradient+ 1.65 x PDA size 

Pearson's correlation analysis 

The Pearson's correlation analysis was performed. There was good 

correlation of post procedure L VEF with multiple pre PDA closure 

echocardiographic and hemodynamic variables. The result of Pearson's correlation 

analysis is summarised in table 1 0. 
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Table 10: Correlation of various baseline variables with post closure L VEF 

Variables Correlation coefficient p 
LVIDD -0.353 0.047 
LVISD -0.563 0.001 
LVEF 0.825 < 0.001 

LVFS 0.597 < 0.001 
LVEDV -0.395 < 0.025 
LVEDV/BSA -0.559 0.001 
LVESV -0.535 0.002 
LVESV/BSA -0.691 < 0.001 
LVEFALM 0.704 < 0.001 

LA -0.149 0.416 

LA/AO -0.362 < 0.042 

PDA SIZE ECHO -0.635 < 0.001 
PDA GRADIENT(systolic) 0.435 <0.05 
PDA GRADIENT (Diastolic) 0.459 < 0.001 
PDA SIZE ANGlO -0.423 0.016 
PDAIBSA -0.391 0.027 

AOS 0.091 0.451 
AOD 0.364 0.034 
AOM 0.406 0.013 
PAS -0.457 0.009 
PAD -0.567 0.001 
PAM -0.5 0.004 

Predictors of post (day 1) PDA closure LV systolic dysfunction 

Univariate analysis and multiple logistic regression analysis 

The univariate analysis showed multiple factors predicting post (day 1) PDA 

closure LV systolic dysfunction. LVESD, LVEF, LVFS, L VEDVI, LVESI, 

LA/ Aorta ratio, angiographic PDA size, PDA systolic and diastolic gradient, and 

pulmonary artery systolic, diastolic and mean pressures were significant predictors of 

. post closure LV systolic dysfunction. However none of these parameters were 
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predictor of post closure LV systolic dysfunction on multiple logistic backward 

regression analysis. 

Receiver operating characteristic (ROC) curve analysis 

Receiver operating characteristic (ROC) curve analysis was done for various 

possible predictors of post closure LV systolic dysfunction. ROC curve revealed 

baseline L VESD, L VEDVI, L VESVI, angiographic PDA size and P A mean pressure 

were best predictors of presence or absence of post closure LV systolic dysfunction. 

The specificity and sensitivity of these variables in predicting post closure LV 

systolic dysfunction are shown in table 11 and ROC curves are shown in fig 3. 

ROC curve analysis ofbaseline LVEF for predicting normal post closure LV 

systolic function showed that baseline L VEF ~63.5 % had sensitivity of 83 % and 

specificity of 87 % in predicting normal LV systolic function in immediate post 

closure state. 

Table 11: ROC curve for predicting post closure LV systolic dysfunction 

Area under ROC Sensitivity Specificity 
L VESD 2: 24.5 m_m 0.755 75% 63% 
LVEDVI 2:85.5 ml/m2 0.813 87.5% 67% 
L VESVI 2: 31.9 rnl/m2 0.896 100% 79% 
Angiographic PDA size 2:3.1 mm 0.745 75% 67% 
P A mean pressure:?: 19.5 mm Hg 0.786 75% 75% 
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Fig 3 : ROC curves for predictors of post closure L VEF 

1.00 or----------,------. 
1.00 or---------,··-·-·----·-··-·-----····-----······-·--·------, 

.75 .75 

.50 

I 
.50 

2:' ·25 Area under curve 0.755 
~ ~ 

.25 Area under curve 0.813 

~ 0.00 ol----.----.---...----1. 1 0.00 
0.00 .25 .50 .75 1.00 0 ..... 00--~2~5--~_50---_~75-----11.00 

1 - Specificity 1 - Specificity 

a. ROC curve for L VESD b. ROC for L VEDVI 

1.00-r-----,,.------------, 

~ { 
.so --- Area under curve 0.896 
.25 

1:-·:;; 

] 0.00 
0.00 .25 .50 .75 1.00 

1 - Specificity 

1.00 ..-----------?""·--·-·--·--··---·---, 

.75 

.50 

~ .25 

-~ 
'lii c 

Area under curve 0.745 

~ 0.00 ---~-------~------< 
0.00 .25 .50 .75 1.00 

1 - Specificity 

c. ROC curve for L VESVI d. ROC curve for angiographic PDA size 

~ 25 

~ 
c 

Area under curve 0.896 

~ 0.00 ol---~--~--~------! 
0.00 .25 .50 .75 1.00 

1 - Specificity 

e. ROC curve for P A mean pressure 

44 



(])iscussion 

DISCUSSION 

Percutaneous closure of PDA with coils and devices is a well established 

modality ofPDA management. The excellent immediate and long term outcome with 

minimum risk of mortality and morbidity has made this the modality of choice 

wherever indicated and feasible. Procedural complications like access site 

complications, residual shunts, and device related hemolysis, device embolisation are 

well described. However, periprocedural morbidity associated with surgical closure, 

like ventilation related lung collapse, infections, etc are not seen with percutaneous 

closure ofPDA. 

Chronic volume overload brings in LV hypertrophy and is expected to have 

alteration in cardiac filling and contractile function. There are limited reports of LV 

systolic dysfunction in patients with PDA52' 66• Hemodynamically significant PDA, 

once closed decreases the preload to the LV by abolishing the left to right shunt and 

increases the afterload by isolating the low resistance pulmonary circulation from LV 

outflow circulation. This simultaneous reduction in LV preload and increase in 

afterload may lead to left ventricular systolic dysfunction. Despite similar 

hemodynamic changes in patients with PDA, LV systolic dysfunction is not a 

universal feature. Similar LV systolic dysfunction has been documented in post 

operative period of aortic and mitral regurgitation surgeries. The incidence and 

predictors of post closure LV systolic dysfunction has been studied in small 

retrospective studies recently. The predictors and natural history of post LV systolic 
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dysfunction are not yet well identified. There ts scarcity of data regarding LV 

diastolic properties in patients with PDA. 

This prospective study aimed at assessment of pattern of LV systolic and 

diastolic function in patients with PDA and changes after percutaneous closure of 

PDA immediately post procedure and after short term follow up. 

Baseline patient characteristics: 

In present prospective study total 32 children were taken for final analysis. 

Baseline echocardiography was performed one day prior to the procedure. The mean 

age was 48 ± 39 months, with female to male ratio 2.5:1. The mean follow up 

duration was 139 ± 30 days. 

Echocardiography revealed dilated LV with preserved LV systolic function. 

This finding of normal LV systolic function is in concordance with the literature. 

There are limited reports of LV systolic dysfunction in patients with isolated PDA. In 

one such case report, a 70 year old man had recurrence ofPDA after surgical ligation 

and had hemodynamically significant shunt with features of heart failure. He had 

improvement in LV systolic function after percutaneous closure of PDA, however 

LV systolic dysfunction persisted. Among 43 children in study by Kim et al, one 

patient had baseline L VFS 28 % which was later documented to have persistent LV 

systolic dysfunction after PDA closure with baseline mean LVFS 37.6 ± 4.6 %52 • In 

contrast subjects in study by Galal et al had L VEF ranging from 58-82% and 

62- 85% in patients with PDA <3.1 mm and 2: 3.1 mm respectively49 • Similarly 

46 



(])iscussion 

another study in adults with PDA showed mean pre PDA closure L VEF 60± 1 0% and 

64 ± 6% in patients undergoing percutaneous and surgical closure respectivel/0• 

In view of wide variability and expected effect of preload on LV diastolic 

fi11ing patterns as well as myocardial velocities56-59 diastolic properties were assessed 

and analysed as such without an attempt to define LV diastolic dysfunction. In 

absence of consensus on LV diastolic function in PDA, baseline parameters were 

compared with that of immediate post procedure and follow up, to assess changes 

consequent to percutaneous PDA closure. Eerola et al in their study found higher 

median E velocity of 105 (range 67- 118) cm/s as compared to 96 cm/s in controls. 

There was no difference in other parameters of mitral inflow e.g. mitral A, El A ratio, 

E TVI, A TVI, E/A TVI ratio and E deceleration time compared to controls (51). In 

present study there was wide variability in mitral Doppler filling patterns with mitral 

EIA velocity ratio ranging from 0.9 to 3.0 ( mean 1.9 ± 0.6), mitral E TVIIA TVI 

ratio ranging from 1.5 to 6.7 (mean 3.9 ± 1.5) and mitral E/E' ratio 6.7 to 17.7 (mean 

10.7 ± 3.7). Similar to findings of Eerola et al51 , our study also showed increased 

mitral E velocity and E/ A velocity ratio. In addition our findings demonstrate relative 

contribution of early and late diastolic filling in total LV filling. There was wide 

variability in mitral annular velocity, range 7- 20 cm/s with mean mitral E/E' ratio 

10.7 ± 3.7. This elevated E/E' ratio is predominantly secondary to increase in mitral 

E velocity. 

Echocardiography as well as hemodynamic and angiographic assessment 

was used to assess PDA size and gradient across PDA. There was good correlation 
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between two modalities (r 0.694, p < 0.001 ). For further analysis direct angiographic 

assessment ofPDA size was used. Large PDA was defined as size at narrowest point 

> 3 mm. This definition was same as was used in one previous studl3• There were 

14 (44%) patients with large PDA. The hemodynamic assessment revealed presence 

ofPAH in 4 (12.5%) patients. 

All patients underwent percutaneous PDA closure using Amplatzer like PDA 

occluder device. Those who had significant residual shunt flow, associated 

congenital heart disease were not analysed in view of possible alteration in the 

process of LV reverse remodelling after percutaneous PDA closure. Subjects 

undergoing surgical closure of PDA also were not included in view of arguably 

different loading conditions in immediate post closure period compared to 

percutaneous closure ofPDA. 

Post closure LV systolic function 

LV systolic dysfunction is a known complication after surgery for other 

volume overload conditions of LV like MR and AR. Several potential mechanisms 

are implicated. After MVR, sudden increase in afterload occurs after closure of low 

resistance regurgitation into the left atrium. Lack of chordal preservation is another 

factor implicated in LV systolic dysfunction. It is hypothesised that sudden afterload 

mismatch in dilated, eccentrically hypertrophied LV leads to unmasking of 

contractile dysfunction. Similarly chronic AR is associated with both concentric and 

eccentric hypertrophy consequent to volume as well as pressure overload ofLV. The 

post surgical LV systolic dysfunction typically improves during follow up. However, 
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few patients have persistent LV systolic dysfunction and is considered to be effect of 

irreversible LV remodelling. The role of neurohormonal activation in the setting of 

ventricular volume and/ or pressure overload and their adverse effects in the long 

term including LV remodelling are well described 67' 68 . Other potential mechanisms 

include increased oxidative stress 69 . The role of ischemia in causation of LV systolic 

dysfunction in volume overload conditions with low diastolic pressures is also 

debated. Low aortic diastolic pressure due to aortic runoff and prolonged ventricular 

ejection period leads to reduced coronary perfusion pressure and duration of 

perfusion. Long term exposure of a hypertrophied LV to ischemia can lead to 

irreversible changes in the myocardial architecture which in tum might lead to LV 

I. d fu . 70 71 systo 1c ys nctwn ' . 

PDA also has hemodynamics similar to AR and thus predisposes to risk of 

LV remodelling and consequent LV systolic dysfunction. However there are scant 

reports of baseline LV systolic dysfunction in isolated PDA. In contrast post closure 

LV systolic dysfunction is well recognised complication. In previous studies various 

definitions of LV systolic dysfunction has been utilised. In study by Jeong et al et al 

in adult patients cut off of LVEF < 50% was used to define late LV dysfunction50 

whereas Galal et al did not use any specific cut-offl9, rather percent change from 

baseline was utilised to assess LV systolic dysfunction. In both of these studies no 

case wise assessment of LV systolic dysfunction was done. Kim et al defined LV 

systolic dysfunction as LVFS < 29% and found that 8 of their 43 (19 %) had post 

closure LV dysfunction 52 . In prior studies documenting LV systolic dysfunction in 

patients who underwent MVR, most of the patients had fall in L VEF 5- 14 % ( 42-
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44). In absence of consensus on definition of LV systolic dysfunction in patients with 

PDA at baseline and after PDA closure, L VEF < 50% and/ or fall in L VEF ~ 1 0% 

from baseline was considered LV systolic dysfunction in the present study. 

In present study among 32 patients, four had post closure L VEF < 50 % 

while another four had~ 10% reduction in baseline LVEF. Thus 8 of 32 (25 %) 

patients had LV systolic dysfunction. The mean LA size, LA/Aorta ratio, LVEDD 

and L VEDVI reduced significantly. There was significant reduction in L VESD 

however reduction in L VESVI was statistically insignificant compared to baseline. 

The mean L VEF as well as L VFS also showed significant reduction. These findings 

of reduction in LV contractile function with relatively minor reduction are similar to 

findings of previous studies. The discrepant reduction in LVEDVI and L VESVI is 

hypothesised as the cause of LV systolic dysfunction. Sudden preload reduction in 

dilated, hypertrophied LV might shift the diastolic portion of LV pressure volume 

curve to leftward. PDA closure, by removing low resistance pulmonary circulation 

causes sudden increase in LV afterload with or without shift of systolic portion of 

LV pressure volume curve. This rapid and simultaneous reduction in preload and 

increase in afterload in the face of hypertrophied and arguably less compliant LV 

leads to alteration in myocardial function. It can be argued that rapid reduction in 

preload may itself lead to underestimation of LV systolic function. However L VEF 

<50 % and reduction ~ 1 0 % from baseline is unlikely to be a consequence of 

preload reduction alone. 
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The finding of change in echocardiographic parameters is in agreement with 

previous studies. Like in other studies there was reduction in mean L VEDD, 

L VEDVI with insignificant reduction in L VESVI. The mean L VEF and L VFS also 

were reduced as in previous studies. As hypothesised in previous studies relatively 

static L YES VI in the face of significant reduction in preload and consequent 

reduction in L VEDVI contributed to LV systolic dysfunction in the post closure 

state. Interestingly there was significant reduction in L VESD compared to baseline. 

Post closure LV systolic dysfunction is an important hemodynamic event, 

though mostly asymptomatic. The patients who had post closure LV systolic 

dysfunction had significantly larger LVESD, LVEDVI, LVESVI and lower LVEF, 

L VFS at baseline compared to those who did not develop LV systolic dysfunction. 

The mean PDA size was also larger in patients who developed post closure LV 

systolic dysfunction. They had lower aortic diastolic pressure, higher pulmonary 

arterial pressures. Furthermore these two groups differed in changes after PDA 

closure. The patients with post closure LV systolic dysfunction had insignificant 

reduction in L VESD (p 0.05) and L VESVI (p 0.165). In contrast patient with normal 

LV systolic function had significant reduction in L VESD (p < 0.001) and L VESVI (p 

0.02). The changes in LVEDD, LVEDVI, LA size, LA/Aorta ratio was similar in 

both the groups. Patients with LV systolic dysfunction had greater fall in mean 

L VEF i.e. -11.3 ± 1.6 % as against -2.5 ± 4.2 % in patients with normal LV systolic 

function (p 0.008). 
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Thus patients with LV systolic dysfunction had significant reduction in LV 

diastolic volumes, LA size consequent to reduction in preload. In contrast LV 

systolic volumes remained static. The inability of hypertrophied and remodelled LV 

to adapt to increased afterload might explain this relatively large systolic volumes 

and thereby LV systolic dysfunction. This finding of predominant reduction in 

L VEDD, L VEDVI with no significant change in L VESD and L VESVI are in 

agreement with previous studies. Jeong et al et al found that in adult patients with 

PDA, there was significant reduction in L VEDVI with no reduction in LVESVI (50). 

Galal et al also found trend towards regression in L VEDD, though not significant 

while LVESD remained static in patients with PDA > 3.1 mm. These patients had 

significant reduction in LVEF and LVFS49• Similar observations were made by 

Y eong Hyang Kim et al in children undergoing percutaneous PDA closure 52• 

Predictors of post closure LV systolic function 

Multiple baseline variables were different in patients with post closure LV 

systolic dysfunction compared to those who had normal LV systolic function. 

Multiple linear regression analysis for predicting post closure L VEF identified 

baseline LVESD, LVEF, PDA diastolic gradient and PDA size by angiogram as the 

best predictors of post closure L VEF. 

Post closure L VEF also showed good correlation with multiple baseline 

variables. The best correlation was with baseline L VEF (r 0.825, p < 0.001 ), LVFS (r 

0.597, p < 0.001), LVEDVI (r -0.559, p 0.001), LVESVI (r -0.0691, p < 0.001), PDA 

size by echocardiography (r -0.635, p < 0.001) and PDA diastolic gradient (r 0.459, p 
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< 0.001). There was no significant correlation between baseline LVEDD and post 

closure LV systolic dysfunction. 

By receiver operating characteristic (ROC) curve analysis, area under the 

curve of baseline L VEF for predicting post closure normal LV systolic function was 

0.966. The pre closure LVEF 2: 63.5 % had sensitivity of 83 % and specificity of 

87.5% in predicting normal post closure LVEF. 

Predictors of post closure LV systolic dysfunction 

Univariate analysis showed multiple factors determining post closure LV 

systolic dysfunction. However none of these factors had significant predictor value 

for post closure LV systolic dysfunction. Similar to our study, Kim et al also found 

that L VEDD, L VESD, PDA size and pulmonary vascular resistance/ systemic 

vascular resistance were significant in predicting post closure LV systolic 

dysfunction on univariate analysis but not on multivariate analysis. They concluded 

that PDA Qp/Qs > 1.6:1 and PA systolic pressure/aortic systolic pressure ratio> 0.32 

were independent predictors of LV systolic dysfunction (0.077 and 0.03 

respectively). In contrast, none of the variables predicted post closure LV systolic 

dysfunction independently in present study. 

Receiver operating characteristic (ROC) curve analysis showed good 

predictive value of baseline LVESD, L VEDVI, L VESVI, angiographic PDA size and 

P A mean pressure for predicting post closure LV systolic dysfunction. 
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Thus baseline LVESD, LVEF, LVESVI, PDA size, PDA diastolic gradient 

and pulmonary artery mean pressure were significant predictors of state of post 

closure LV systolic function. Based on these results it appears plausible to consider 

large PDA, associated large left to right shunt and LV remodelling along with sudden 

alteration in LV loading conditions in post closure state which are responsible for LV 

systolic dysfunction. 

The echocardiography assessment at follow up showed that none of the 

patients had LV systolic dysfunction at follow up. There was significant reduction in 

L VEDD, LVESD, L VEDVI as well as L VESVI from one day post closure to follow 

up. This reduction was seen in all patients irrespective of LV systolic function in 

immediate post closure state. Thus there was late reduction in LV systolic volumes 

which normalised the LV systolic function in follow up. This finding of late normal 

LV systolic function is in agreement with previous studies. Most of the studies, 

though retrospective have looked at late LV systolic function after short term follow 

up of 3- 6 months. 

The finding of improvement in LV systolic function at follow up assessment 

is in concordance with previous studies. Galal et al in their retrospective analysis 

showed late normalisation of L VEF and L VFS in most of the patients with large 

PDA (>3 mm) who had LV systolic dysfunction in immediate post closure period. 

However they found persisting LV systolic dysfunction based on L VFS < 28 % in 

two of their patients at follow up. The exact incidence oflate LV systolic dysfunction 

is not known as they had incomplete follow up (18 out of 27 patients with immediate 
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LV systolic dysfunction) 50. Eerola et al also concluded that changes in LV volume 

and function caused by PDA disappear by 6 months after percutaneous closure. This 

benefit was also noticed in children with normal sized L V51 . Kim et al also 

demonstrated recovery of LV systolic dysfunction during follow up with persisting 

LV systolic dysfunction in one patient who had baseline LV systolic dysfunction 52. 

In contrast studies on LV systolic function changes after PDA closure in 

adults have shown persistent LV systolic dysfunction. Jeong et al showed recovery of 

LV systolic function in follow up, however 5 of 45 (11 %) patients had persistent LV 

systolic dysfunction (defined as L VEF < 50%). They found pre closure L VEF as the 

only predictor of late normal LV systolic function. Pre cloure L VEF 2:62 % had a 

sensitivity of 72 % and specificity of 83 % for predicting late post closure LVEF50• 

LV systolic dysfunction persisted in a 70 year old man after surgical closure of PDA 

despite improvement in LVEF66• This difference in our study is probably due to 

different age profile of patients in other studies. 

Chronic volume overload in adults arguably leads to irreversible changes in 

myocardial architecture and thus might explain persisting LV systolic dysfunction. 

This further strengthens the hypothesis of changes in myocardial contractility with 

long standing LV hypertrophy and adverse remodelling as a cause of LV systolic 

dysfunction after closure ofPDA. 

LV diastolic function before and after percutaneous closure of PDA 

The mitral inflow pulse Doppler analysis showed significant reduction in 

mitral E and A velocity consequent to reduction in preload after PDA closure. 
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Though the E/ A velocity ratio did not change significantly, the mitral time velocity 

integral analysis showed significant relative reduction in E TVI. This reduction in E 

TVI in the presence of insignificant increase in A TVI points to altered LV filling 

pattern in immediate post closure state wherein late diastolic filling contributed more 

to total LV filling. E deceleration time (EDT) did not change significantly. These 

changes in E velocity, E TVI without change in EDT is probably consequent to 

decreased preload in hypertrophied LV. 

Echocardiography at follow up showed late reduction in mitral A velocity 

with insignificant change in mitral E velocity. Similarly mitral A TVI had significant 

reduction with significant change in E/ A TVI ratio. E deceleration time (EDT) at 

follow up was significantly more than that of baseline value. This late reduction in 

mitral A velocity, A TVI, E/ A TVI ratio and prolongation of EDT suggests 

improvement in diastolic properties of LV during short term follow up and thereby 

reducing relative contribution oflate diastolic filling in total LV filling. 

Similar to our study, Eerola et al also demonstrated increase in mitral E 

velocity and E/A velocity ratio after PDA closure. However they did not find 

significant difference in E TVI, A TVI and EDT51 • 

Alteration in loading conditions has been shown to alter myocardial velocities 

with stroke volume as the major determinant. Cardiac lesions with increased stroke 

volume needs caution in assessment of mitral E/E' considering possible 

misinterpretation due to increased E' 57• Rapid reduction in preload as well as 

alteration in stroke volume further complicates interpretation of mitral E/E' in post 
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closure state. In present study the mitral septal annular velocity (E') did not change 

significantly. However mitral E/E' ratio showed significant reduction in immediate 

post closure state. This reduction in mitral E/E' is mainly due to reduced preload and 

consequent mitral E velocity and not due to change in mitral E'. This is possibly 

related to time of reassessment. Immediate post closure state reduces preload 

significantly manifesting as change in mitral E while myocardial diastolic properties 

if altered are expected to normalise slowly. Thus the discrepancy in mitral E' and 

EIE' is mainly due to altered LV loading conditions. Similar to our findings Kim et 

al also did not find significant change in either mitral E', EIE' ratio compared to 

baseline either in post immediate PDA closure state or on follow up52. 

The follow up assessment showed significant improvement in mitral septal E' 

velocity compared to baseline as well as immediate post closure state. There was no 

significant change in mitral E/E' ratio from immediate post closure state. However 

there was significant reduction compared to baseline. These changes in mitral E' and 

EIE' ratio are consequent to early reduction in mitral E velocity and no significant 

change in mitral E' followed by late improvement in mitral E' in absence of 

significant change in mitral E velocity. These changes further emphasises the 

improvement in LV diastolic properties during short term follow up. The late 

improvement in mitral annular velocity with minimal alteration in mitral E velocity 

points to the fact that improvement in diastolic properties was not solely due to 

sudden preload reduction as in immediate post closure state and was rather due to 

alteration in myocardial function. 
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LV diastolic function in patients with post closure LV systolic dysfunction 

As compared to patients with normal post closure L VEF, mean mitral E 

velocity was similar while mitral A velocity was significantly higher with higher E/A 

ratio, longer mitral EDT, lesser mitral E TVI, more A TVI and lesser E/A TVI in 

patients who developed post closure LV systolic dysfunction. The mean mitral E' 

was lower and mitral E/E' higher in patients with post closure LV systolic 

dysfunction. Thus these patients had abnormal diastolic filling pattern compared to 

those who did not develop LV systolic dysfunction after PDA closure. 

The assessment on day 1 post PDA closure showed insignificant reduction in 

mitral E while the change in mitral A was significant. The change in mitral E/ A, 

EDT, E TVI, A TVI as well as E/A TVI were ,not significant. In contrast there was 

significant reduction in mitral E, E TVI, A TVI and E/ A TVI in patients with normal 

post closure LV systolic function. The mitral E' and E/E' did not show significant 

change irrespective of LV function status though there was trend towards reduction 

of E/E' in patients with normal LV function. Overall there was no significant 

alteration in diastolic properties in patients who had post closure LV systolic 

dysfunction, In contrast patients with normal post closure LV systolic function 

showed relative reduction in late diastolic filling component of LV filling. 

At follow up there was significant reduction in A TVI and E/ A TVI with 

increase in E and E/ A. These changes suggest late reduction in contribution of late 

diastolic filling. However, the changes in EDT, mitral septal E' and E/E' ratio were 

not significant. In contrast the changes in patients with normal post closure LV 
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systolic function showed significant reduction in mitral E, A, A TVJ, E/ A TVI and 

prolongation of EDT. The mean E/E' was also reduced without significant 

improvement in E'. Thus changes in LV diastolic properties were different in 

patients with or without post closure LV systolic dysfunction. 

These findings might suggest lesser and slower improvement in LV diastolic 

properties in patients with post closure LV systolic dysfunction despite complete 

normalisation of LV systolic function. Short term follow up might have limited our 

study in analysing these changes. 
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CONCLUSIONS 

I. Patent ductus arteriosus (PDA) causes compensatory alteration in LV systolic 

and diastolic function ofleft ventricle. 

2. Asymptomatic LV systolic dysfunction m immediate post PDA closure 

period is a common complication, occurring in 25 % of children with PDA. 

3. Baseline LVEF, LVESD, PDA diastolic gradient and PDA size are good 

predictors of post PDA closure L VEF. 

4. Baseline LVEF 2: 63.5 %predicts normal LV systolic function in post PDA 

closure state with sensitivity of 83 % and specificity of 87 %. 

5. LVESD 2: 24.5 mm, LVEDVI 2: 85.5 ml/m2, LVESVI 2: 31.9 ml/m2, PDA 

size 2: 3.1 mm and pulmonary artery mean pressure 2:19.5 mm Hg are good 

predictors of post PDA closure LV systolic dysfunction. 

6. LV systolic dysfunction improves in all patients during short term follow up 

irrespective of extent of post PDA closure LV systolic dysfunction without 

therapeutic intervention. 

7. PDA is associated with altered diastolic properties of LV which shows 

improvement during follow up. 

8. The diastolic function in patients who develops LV systolic dysfunction 

differs significantly from rest of the patients. 

9. The improvement in diastolic function of LV lags behind that of 

improvement in LV systolic function. 
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LIMITATIONS OF THE STUDY 

1. The present study lacks age and sex matched controls which could have 

provided benchmark for assessment of LV diastolic function. 

2. Small sample size might have limited the power of the study especially in its 

subgroup analysis. 

3. Short term follow up was done. Long term follow up assessment might have 

resulted in insight into further changes in diastolic properties of LV. 

4. This study is limited to children with PDA, cannot be applied to other age 

group patients. 
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Introduction 

INTRODUCTION 

Atrial septal defect (ASD) is one of the common congenital heart diseases. 

Majority of ASD patients have defect in fossa ovalis region (ostium secundum ASD). 

Natural history of patients with hemodynamically significant ASD is manifested by 

features of chronic volume overload of right atrium and ventricle. Closure of ASD 

with left to right shunt of hemodynamic significance favourably alters the natural 

history and so is the norm in contemporary practice of cardiology. In recent times 

trans-catheter closure of ASD has virtually replaced surgical closure as treatment 

modality in patients with defect suitable for closure by interventional techniques. 

Gaining momentum in the field of imaging as well as increasing experience 

of OSASD device closure had emphasised the importance of imaging in case 

selection and device closure. Recent advances in interventional techniques to close 

OSASD by device have improved the procedural success with minimal 

periprocedural complications. 

Initially balloon sizing was considered as the best option to decide on the size 

of the device to be deployed across the septal defect. With improved understanding 

of the defect anatomy with transesophageal echocardiography (TEE), device size 

selection based on the defect size imaged could be used for deciding upon the size of 

the occluder to be delivered, reducing the procedure time and cost. This study was 

planned to compare two such modalities of sizing the ASD for device selection for 

interventional closure to assess their impact on procedural success. 
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REVIEW OF LITERATURE 

Secundum ASDs represent 6% to 1 0% of all cardiac anomalies and are more 

frequent in females (F: M 2: 1) with incidence of 1 per 1 ,500 live births1-2• Most 

ASDs occur sporadically; however genetic abnormality has been implicated3- 7• 

Atrial septal defects are classified according to their location relative to the fossa 

ovalis and their proposed embryogenesis. Inter atrial communications in the region 

of the fossa ovalis may represent either a true secundum ASD or a valvular 

incompetent patent foramen ovale. Ostium primum defects lie anterior to fossa 

ovalis. Sinus venosus defects usually occur in conjunction with anomalous 

connection of the right pulmonary veins. Uncommonly inter atrial communication is 

at the expected site of the coronary sinus ostium. Three fourth patients with ASD 

have defect at secundum location. Primum ASD, sinus venosus ASD and coronary 

sinus type of ASD constitute 15-20%, 5-10% and< 1% respectiveli. 

Throughout fetal life interatrial communication is maintained, despite the 

development of two separate septal structures. The septum primum, which is the first 

septum to develop, is an incomplete thin-walled partition of which the anteroinferior 

free edge is above the atrioventricular canal. Before the resultant interatrial opening 

(ostium primum) becomes sealed by endocardial cushion tissue, programmed cell 

death (apoptosis) in an area near the anterosuperior aspect of the septum primum 

creates small cribriform perforations which coalesce to form a large, second 

interatrial communication (ostium secundum) maintaining interatrial blood flow8. At 
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this time, anterosuperior infolding of the atrial roof to the right of septum primum 

develops and forms firm septum secundum. It expands posteroinferiorly as a thick

walled muscular ridge to form an incomplete partition that overlies the ostium 

secundum. As atrial septation is accomplished, septum secundum forms the limbus 

of the fossa ovalis and septum primum forms the valve of the fossa ovalis. The 

channel for interatrial blood flow that lies between limbus and valve of fossa ovalis 

is known as the foramen ovale. 

The foramen ovale persists throughout fetal life. Functional closure of the 

foramen ovale occurs postnatally as pressure in the left atrium exceeds that in the 

right atrium. As a result, the valve of the fossa ovalis (septum primum) is pressed 

against the limbus (septum secundum) and forms a competent seal. During the first 

year of life, anatomic closure of this communication occurs by fibrous adhesions 

between the limbus & valve. In 25% to 30% of people, however, anatomic closure 

does not occur, and a potential interatrial channel persists which is known as patent 

foramen of ovale (PF0)9• In instances with atrial dilation in individuals with PFO, 

the limbus may become so stretched that the ostium secundum (valve of the fossa 

ovalis) may no longer be covered by the limbic edge and thereby results in valvular 

incompetent patent foramen ovale that allows inter atrial shunting throughout the 

cardiac cycle and thus constitutes an acquired ASD. Defects at the level of the fossa 

ovalis presumably result from deficiency, perforation, or absence of the septum 

primum (valve of the fossa ovalis). Because the ostium secundum appears enlarged 

or unguarded, these defects are labelled as secundum type. 
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In presence of unrestrictive inter atrial communication chronic left to right 

flow imposes a volume overload on the right-sided cardiac structures and results in 

dilation of the right atrium, right ventricle and pulmonary arteries. In some cases, 

right ventricular dilation is so marked that the cardiac apex is formed entirely by the 

right ventricle. With progressive dilatation of right ventricle, the ventricular septum 

begins to straighten which is visualised as paradoxical septal motion on M mode 

echocardiography. In extreme cases of chronic volume overload of right ventricle 

leftward bowing of the septum results in reversal of the cross-sectional shapes, with a 

circular right ventricle and a crescentic left ventricle as seen on parasternal short axis 

view in echocardiography. The chronic volume overload causes dilation of the entire 

pulmonary vascular bed. Medial hypertrophy is evident in the muscular pulmonary 

arteries and the pulmonary veins, although its extent is usually masked by vascular 

dilation. Muscularization of arterioles also may occur10• 

In a few patients with a secundum ASD, severe and irreversible hypertensive 

pulmonary vascular disease develops, and there is a striking female preponderance 

for this association11 • The exact mechanism is not known and it is believed that it 

may not be solely due to left to right shunt. The direction in which blood flows 

through the defect primarily is related to the relative compliances of the ventricles. 

Generally, the right ventricle is more compliant than the left, resulting in less 

resistance to filling from the right atrium. 

At birth and early neonatal period, the right ventricle is thick and not very 

compliant. Therefore there is a minimal amount of left-to-right shunting. In the first 
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few weeks of life, the pulmonary vascular resistance decreases, the right ventricle 

becomes more compliant, and the amount of L -> R shunting increases. Most infants 

with isolated ASDs are asymptomatic. However, there have been reports of infants 

with ASDs who present with heart failure. The hemodynamic assessment revealed no 

difference in patient with or without heart failure. The patho-physiology for heart 

failure in these infants is not fully understood12• Congestive heart failure rarely is 

found in the first decades of life, but it can become common once the patient is older 

than 40 years of age13. The incidence of atrial arrhythmias increases with advancing 

age13 to as high as 13% in patients older than 40 years of age14 and 52% in those 

older than 60 years of age15. 

There is increased pulmonary blood flow with pulmonary to systemic blood 

flow ratio (Qp: Qs) often > 2-3:1. However, the pulmonary artery pressure is only 

slightly increased, and in most patients, pulmonary resistance remains in the normal 

range. A wide spectrum ofhemodynamic findings in ASDs has been reported. Steele 

et al. reported 702 patients who were found to have isolated ASDs of the ostium 

secundum or sinus venosus type at cardiac catheterization. Of these 702 patients, 40 

(6%) had pulmonary vascular obstructive disease, defined as a total pulmonary 

resistance of 2': 7 U.m2. Among these 40 patients 34 (85%) were female and rest 6 

(15%) were male. In this study no patient younger than 19 years of age presented 

with pulmonary vascular obstructive disease1 1• However in general cases of OSASD 

leading to irreversible pulmonary vascular disease are uncommon. 
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Like many isolated volume overload conditions most patients with 

uncomplicated ASD are asymptomatic. They may present with effects of increased 

pulmonary blood flow, recurrent respiratory tract infections. Children with large left 

to right shunt may occasionally present with failure to thrive and uncommonly with 

heart failure. Clinical, radiographic, electrocardiographic and/or echocardiography 

assessment helps determining shunt of hemodynamic significance and helps in 

decision making regarding need of closure of septal defect. 

The natural course of ASD is relatively benign except for the large defect 

with significantly increased pulmonary blood flow and or P AH. Typica11y, patients 

with ASD remain active and asymptomatic through early childhood, and many 

patients have lived into their fourth, fifth, sixth, and even seventh decades with ASD 

of moderate size before symptoms developed16• OSASD can close spontaneously, 

remain open, or enlarge. In 1983 Cocherham et al. reported results of 87 children 

who underwent cardiac catheterization at <4 years old because of significant 

secundum ASD. At follow-up they found 17% had spontaneous closure. Patient 

studied at <1 year old, spontaneous closure occurred in 22%. Spontaneous closure 

rate was 33% in children with study age between 1 & 2 year while only 3% had 

similar outcome if study age was 2 to 4 year. Their recommendation was to wait until 

after age 4 years for elective closure17• 

With advances in echocardiography tools and technique, it is possible to 

evaluate more accurately the size and hemodynamic effects of an ASD. A 

prospective echocardiographic study suggested that as many as 24% of newborns 
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have evidence of ASD in first week oflife18 . However, by a little more than 1 year of 

age, 92% of the patients were found to have spontaneous closure of the opening. 

Radzik et al. reviewed the results in 101 infants diagnosed at a mean age of 26 days 

with an average follow-up of9 months. Spontaneous closure occurred in all 32 ASDs 

<3 mm in diameter, 87% of 3- to 5-mm ASDs, 80% of 5- to 8-mm ASDs, and in 

none of 4 infants with defects >8 mm 19• Helgason and Jonsdottir in their 

retrospective analysis of 84 patients spontaneous closure or decreased size in 89% 

with 4-mm ASD, 79% with a 5- to 6-mm defect, and only 7% with a defect >6 mm20• 

Spontaneous closure has been reported even in infants with congestive heart failure 

and as late as 16 yrs21 • Unfortunately, some ASDs can enlarge enough over time to 

require closure22• McMahon et al. evaluated 104 children with ASD. The defects 

were defined as small (3 to <6 mm), moderate (6 to <12 mm), or large (> 12 mm). 

Among the 34 patients with a small ASD, 7 increased to moderate size & 3 increased 

to large size. Among 40 patients with a moderate ASD, 8 became large, and for the 

30 patients with large defects, all remained large. Interestingly some of these patients 

with enlarged ASD could not be closed by trans-catheter techniques22. 

The issue of natural history among adolescent and adult has been 

controversial. In 1970, Campbell reported that adults with ASDs appeared to die at 

an earlier age than normal adults of the same age and gender16• The presence and 

severity of functional limitation among patients with ASD seem to increase with 

age23 • The functional capacity of patients with ASDs is substantially impaired23• 

Although patients often reported subjective improvement in their functional class 

after surgical closure of ASD24 it was only in 1997 that Helber and colleagues 
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demonstrated a low peak oxygen uptake preoperatively, a slight increase 4 months 

after repair, and normal levels of performance and oxygen uptake 1 0 years after 

surgical ASD repair25• Brochu and colleagues reported a 15% improvement in peak 

oxygen uptake at 6 months after device closure and this improvement was similar 

regardless of extent of the left-to-right shunt and patient age above or below 40 

years26. Giardini and colleagues showed a similar clinical improvement, and they 

also documented improved left ventricular filling with concomitant improvement in 

systemic cardiac output in patients after device closure. The latter appears likely to 

be the main mechanism by which patients feel better and improve their exercise 

capacity after ASD closure27- 29. 

Since most ASDs are well tolerated in infancy and may spontaneously close, 

elective repair frequently has been deferred until the child is at least 4 years of age 

except in some patients with very large ASD and unremitting heart failure. Chronic 

volume overload of right ventricle has ill effects even if asymptomatic and thus all 

defects with left to right shunt> 1.5:1 needs closure. Significant ASDs are associated 

with increased morbidity and mortality16• An important study that examined the 

long-term outcomes of surgical repair of secundum ASDs showed normal long-term 

survival among hospital survivors of ASD closure when patients were operated on 

before 25 years of age13• In contrast, patients having surgical repair after age 25 years 

experienced increased mortality compared with healthy controls13• Kaplan-Meier 

estimates of survival of the 119 patients included in the survival analysis from this 

study were 97% at 5 years, 90% at 10 years, 83% at 20 years, and 74% to 30 years 

compared with 99%, 98%, 94%, and 85%, respectively, in an age and sex-matched 
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control population. Two large studies have examined mortality and morbidity in 

surgically versus medically managed patients with ASDs over age 40 years, and 

neither showed a clear-cut survival benefit with the surgical strategl4• 30 . 

Until recently surgical closure of OSASD has been the treatment of choice 

with acceptable morbidity and <1% mortality. Elective surgical repair of ASDs has 

been a safe and simple operation. In 1998, the Pediatric Cardiac Care Consortium 

reported its results from 1984 to 1995. Nine deaths (0.4%) occurred among 2,471 

patients undergoing intracardiac repair of secundum or sinus venosus ASD31 . 

Transcatheter techniques for closure of ASDs have been available for several 

years. In 1976, King et al. reported the first transcatheter closure of a secundum ASD 

in humans with a double-umbrella device34• It was successful in five of ten (50%) 

patients. Since then, devices have undergone several evolutionary changes in an 

attempt to improve the design and the technique of delivering the devices. Early 

models included the Rashkind Atrial Septal Defect Occluder, Lock-USCI Clamshell 

Occluder, CardioSEAL device, the Sideris Buttoned device, Atrial Septal Defect 

Occlusion System (ASDOS), Das-Angel Wings occlusion device, and Amplatzer 

Septal Occluder (AS0)33 . With advancements in imaging and interventional 

techniques as well as better understanding of cardiac anatomy, trans-catheter closure 

has gained the place of standard treatment modality in contemporary practice of ASD 

closure34• 

Several potential complications can occur when using the ASD occluder 

device. Supraventricular arrhythmias have been reported with an incidence of 0.5-
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6.6%35- 39. Device embolization has a reported incidence of 1.0-4.4%37• 40• There are 

several reports of an atrial disk eroding into the aorta, creating a fistula or pericardia} 

effusion. This has occurred from several hours to 3 years after the procedure, 

occasionally resulting in hemodynamic collapse and even death41 • 42. 

Second- or third degree atrioventricular block has been reported and may 

require permanent pacemaker implane8' 41 • There are reports of cobra head 

malformation of a disk during deployment42• 43 or mushrooming of the atrial 

disks38'44; these devices should be removed. In some patients, there may be an 

increased incidence of aortic valve insufficiency following ASD device closure45 . 

Other complications include migraine headaches, stroke, and air embolism37' 46: 

Many of these major complications may be related to the size of the ASD 

occulder device. The cicrcular shape of the device has to suit the varying 

morphology of the septal defect and hence the self centering Amplatzer device which 

almost stents the defect turned out to be the universal shape. In order to avoid 

embolization during the continuous pulsatile activity of the heart and varying intra

cardiac pressure changes, over-sizing of the defect became the routine. Oversize 

results in the device edge encroaching upon the adjacent structures. Specifically, 

oversized devices, though easier to implant in the ASD, may be more likely to exert 

pressure against other intra cardiac structures leading to an increased potential for 

complications41 • In addition,. oversized devices can mushroom rather than flatten 

against the septum; this device deformation may increase the risk of embolization, 

residual leak, thrombus formation, or perforation38. 
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Due to concerns about the rare, but potentially fatal complication of atrial 

wall erosion, the AGA Medical Corporation selected a panel of physicians to review 

all reported cases38• This panel concluded that oversizing the ASD occluder device, 

particularly in patients with deficient retro aortic rim, may play a role in these atrial 

wall erosions. Based on these conclusions, the newest recommendations from the 

panel include less aggressive balloon sizing and smaller device selection40• 

While it is not completely clear that over sizing the ASD occluder device 

increases the risk of atrial wall erosion or the development of atrio-ventricular 

block41 , many investigators believe that larger ASD occluder devices could be a 

contributor to the development of these complications47• Thus there has been concern 

over larger size of ASD device and attempts were made to reduce it with 

simultaneous high procedure success and avoiding potential size related 

complications. 

The Amplatzer septal occulder (ASO) is the commonly used device for 

interventional closure of the OSASD. These devices are self centering, made of 

shape memory alloy (nitinol) and they virtually stent the defect to a circular shape. 

The ASD occluder device consists of a nitinol wire mesh in a double-disk design. 

The left and right atrial disks are joined by a central connecting waist. Each disk as 

well as this central waist, is filled with polyester fabric to increase occlusion by 

promoting thrombogenesis. The central waist produces a radial force against the 

ASD rim, while the atrial disks flatten against atrial septum. In December 2001, the 

Amplatzer septal occluder (ASO) device became the only FDA-approved device for 
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trans-catheter cJosure of ASD. Various studies have documented high success rate(> 

90 -95%) with very low rate of major complications. Amplatzer septal occluder 

(AGA Medical Corporation, Golden Valley, MN, USA) or similar self centering 

device is used in most centers for trans-catheter cJosure of OSASD. Its centre has to 

perfectly fit in the defect for it to be effectively closed48 . Therefore, an accurate 

measurement of the diameter is the key to successful device closure. 

The assessment of suitability for ASD device cJosure is crucial for case 

selection and procedural outcome. Atrial septum is a three dimensional structure 

which when has a defect is difficult to image in its entire profile without three 

dimensional reconstructions. Location and size of ASD as well as feasibility of trans

catheter closure has been assessed by different imaging techniques with common 

objectives ofbetter success, lesser complications and to achieve smaller device size. 

Larger size devices arbitrarily defined as diameter >25 mm, need additional 

manoeuvres and large sheaths for deployment. Hence they are not suitable for use in 

children below 20 Kg of weight. Invariably if the septal length is not adequate, 

oversized devices impinge on the adjacent structures and do cause valvar leaks or 

venous obstruction45 • Aortic regurgitation, complete heart block and perforation are 

the other complications associated with oversizing. Over the years with gaining 

experience of trans-catheter closure, device size has gained utmost importance apart 

from procedure success alone. Too large a device carries risk of serious early and late 

complications35- 40, while risk of device instability, distal embolisation and residual 

shunt makes smaller devices undesirable38, 49• 
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Trans-catheter closure of OSASD includes crucial step of ASD sizing and 

device selection that achieves closure of ASD with no or trivial residual shunt flow. 

As can be understood various modalities of imaging can be used for ASD sizing. 

Until recently ASD sizing by balloon has been used extensively and was considered 

gold standard. Balloon sizing can include different techniques of measurement. 

In pullback technique, Medtech balloon is crossed through the defect and 

then inflated by filling diluted contrast in that position following which it is pulled 

through the defect. The maximum diameter of the balloon (as measured by three 

ways, sizing plate or fluoroscopy or echocardiography) that can be pulled through the 

defect is considered stretch balloon diameter. Apart from overestimation of ASD size 

there is risk of septal tear during balloon pullback53 . 

In standard static balloon technique Amplatzer stzmg balloon is used. 

Balloon-size or stretched diameter of the ASD has been determined by using a 

compliant sizing balloon, which is filled with dilute contrast, placed across the ASD, 

and inflated until a waist in the balloon is visible on fluoroscopic imaging 44• 48 • 50 . 

Both these techi1iques are repeatedly criticised due to possible overestimation 

during balloon inflation based on possible variation dependent on aggressiveness 

with which balloon is inflated. Carlson et al has described modification of balloon 

sizing using static balloon technique wherein stretch balloon diameter was 

determined by documentation of cessation of shunt flow by simultaneous 

echocardiography while inflating the balloon across the defect47 . 

13 



CJ?gview of Literature 

However, there are disadvantages of balloon sizing52 . Balloon sizing may 

overestimate the ASD size by overstretching of compliant surrounding rims. 

Comparative studies of balloon stretch diameter and TTE or TEE reported larger 

balloon stretch diameter compared to ASD size by TTE or TEE51 . Apart from 

associated overstretching, measurements may be inaccurate secondary to inadequate 

profiling of defect and the measuring balloon catheter40. Balloon dilatation may 

cause enlargement of the defect by tearing of the flap valve of the septum primum53 . 

Bradycardia and hypotension may occur during prolonged inflation of the balloon 

due to the obstruction to diastolic filling54. The use of sizing balloon adds to the 

procedure cost which might be of concern in financially constrained situation. The 

expected prolongation of fluoroscopic time may be of concern for operator and 

patient, especially children. 

Considering various disadvantages including concerns over oversizing, cost 

involved and higher radiation and procedure time have prompted investigators to 

assess alternative methods to assess ASD size. There is good linear correlation 

between echocardiographic measurement of the defect and balloon stretched 

diameter51 ' 54- 59 . 

El-Said et al. in their study found that the stretched diameter exceeded TEE 

diameter and trans-thoracic echocardiographic diameter by an average of 13.2% and 

22%, respectivell 1• Walsh and Maadi predicted stretch diameter by an equation of 

SD = 1.06 x TEE diameter+ 4.4 mm (r = 0.87) 54. A recent article by Carcagni and 

Presbitero showed that maximal steadier rim border (thickness ~ 2.5 mm) distance 
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on TEE images correlated well with stretched balloon diameter in adults55 • In the 

study using TEE by Fisher et al., a good linear correlation (r = 0.83) was found 

between defect diameter and balloon stretched diameter (SD), SD = 1.01 x TEE 

diameter+ 5.28 mm55. 

Trans-thoracic echocardiography can also be used to predict the stretched 

diameter. Based on trans-thoracic echocardiography Rao and Langhough proposed 

an equation of SD = 1.05 x echocardiographic ASD diameter+ 5.49 mm57. A similar 

formula of SD = 1.21 x echocardiographic diameter+ 0.67 mm was yielded in a 

study by Godart et a1 58 • 

While there has been concern over larger device size, smaller size device may 

also be inappropriate with high procedure failure and complication rate. There has 

been concern over underestimation of ASD size and thereby device size by 

echocardiography as compared to stretched balloon diameter. El Said et al found that 

diameter assessed by TEE as well as TTE were smaller than size measured by 

balloon sizing51 • Bartel et al found that TEE or ICE based assessment underestimated 

ASD size as compared to balloon sizing with measurement by fluoroscopy or 

simultaneous ICE59. Based on their results of stretch balloon diameter with 

fluoroscopic guided measurement compared to simultaneous ICE, they 

recommended mandatory use of balloon sizing. However authors themselves points 

out inherent disadvantage of echocardiographic assessment during balloon dilatation, 

wherein ICE may underestimate the stretched balloon diameter due to inability to 

profile centre of the inflate balloon59. 
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Despite concerns over underestimation of ASD and device size and thereby 

increased risk of complications many pediatric cardiac interventionists have closed 

ASD successfully by trans-catheter closure techniques without balloon sizing60- 61 • 

Zanchetta et al did not use balloon sizing during trans-catheter closure of ASD, 

where waist diameter was chosen based on the r value obtained from intracardiac 

echocardiographic images [r = i ( c2 + Y), c is the foci half-distance of the fossa 

ovalis and Pis its semi-latus rectum. In this study of91 patients who underwent ASD 

device closure using ICE as the primary means for both selection of the device size 

and guidance of trans-catheter closure of OSASD. They reported a midterm 

occlusion rate of97.8% with no ICE related complication60. 

In another study of Zanchetta, an equation of d = i (a x b) was obtained, in 

which a and b were major axes of intra cardiac echocardiography on aortic and four

chamber plane, respectively, and d was the diameter of device used. The study group 

of 31 patients in whom ICE was used as the sole technique for sizing ASD and 

deploying device, the mean device size used was larger than in balloon sizing 

group61 • They emphasized inadequacy of balloon sizing in assessmg nm 

characteristics while measuring the ASD. In a study by Amin and Daufors, balloon 

sizing was considered unnecessary and a device that was 2-4 mm larger than intra 

cardiac echocardiographic diameter was chosen62 • Recently, 3-D TEE has been used 

to aid selection of device size62 . There is good correlation between 3-D TEE 

measurement of maximal diameter and balloon stretched diameter in patients with a 

single defect. 

16 



. ' ' ~ 

(j(eview of Literature 

Similar to ICE, multiplane TEE also provides with three dimensional 

orientation of defect, rims and other anatomical attributes. With gaining experience 

and better interventional techniques TEE as a sole modality to guide device selection 

and deployment has been standard approach in contemporary practice. However 

there is paucity of data on feasibility and procedure outcome of trans-catheter closure 

of OSASD with TEE without use of balloon sizing. Hence this retrospective analysis 

was planned to assess safety and impact of changing practice of ASD device closure . 
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AIMS AND OBJECTIVES 

1. To assess safety of OSASD device closure with sizing and deployment with 

intra procedure TEE guidance without balloon sizing. 

2. To compare procedural outcome of OSASD device closure with intra 

procedure TEE without balloon sizing versus TTE guidance with balloon 

SIZlllg. 

3. To assess impact of change in practice to balloon sizing and TTE imaging 

assisted OSASD device closure to TEE assisted sizing and device 

deployment on procedure characteristics. 
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MATERIALS AND METHODS 

Study design: Retrospective 

Study duration: Jan 2005- Aug 2007 

Study setting: Single tertiary care centre 

Study subjects: Cases with OSASD considered suitable for trans-catheter closure 

Inclusion criteria: 

1. Single OSASD 

2. Hemodynamically significant L ~ R shunt (Qp:Qs > 1.5: I) 

Exclusion criteria: 

1. Multiple ASD 

2. Patent foramen ovale 

3. First degree or higher grade AV block 

4. Pulmonary vascular disease i.e. PVRI ~ 7 U.m2 

5. Not suitable for trans-catheter closure 

a. ASD size> 32 mm 

b. Inadequate rims (firm rim< 4 mm except aortic rim) 

c. Total septal length < I 0 mm larger than expected ASD device size 
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6. Associated conditions necessitating cardiac surgery e.g. coronary artery 

disease, anomalous pulmonary venous connection, significant mitral valve 

disease 

7. Use ofboth balloon sizing and TEE to guide procedure 

Patient selection: 

All patient with clinical or provisional diagnosis of ostium secundum ASD 

underwent trans-thoracic echocardiography with 4 and/ or 7 MHz probes (vivid 7, 

General electronics) on outpatient basis. Patients with single OSASD with left to 

right shunt of hemodynamic significance (Qp: Qs > 1.5:1) assessed clinically or by 

echocardiography were assessed for suitability of trans-catheter closure of ASD. This 

suitability assessment for ASD device closure was done using trans-thoracic 

echocardiography (TTE) with use of trans-esophageal echocardiography (TEE) in 

selected cases with poor trans-thoracic window. TIE was done with using 

parasternal short axis (PSAX), apical 4 chamber (A 4C), modified left lower 

parasternal view, right parasternal view and subcostal views for anatomic details of ... 

ASD - location, size of the defect, various rims and its floppiness, surrounding 

structures, total septal length. The defect was considered suitable if its size was < 32 

mm, adequate rims(> 4 mm) except small retro aortic rim alone, rims not too floppy 

and sufficient total septal length (septal length 2': 10 mm more than expected device 

diameter). 
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Cardiac catheterisation and procedure details: 

All patients selected for attempted ASD device closure were giVen oral 

aspirin 3 -5 mg/kg in children and 300 mg in adults at night before and in morning on 

the day of procedure. Procedure was done in cardiology catheterisation laboratory 

with standard aseptic precaution under hemodynamic monitoring after obtaining 

informed consent. Standard antibiotic prophylaxis was administered. In all patients 

who had intra procedure TEE and selected cases with no TEE, procedure was done 

under general anesthesia with mechanical ventilation after endotracheal intubation. 

Rest of the patient had their procedure done under standard local anesthesia. At the 

start of the procedure intravenous bolus ofheparin 100 U/kg in children or 5000 U in 

adults was given to achieve desired activated clotting time of 300 seconds during the 

procedure. During Patient with borderline hemodynamic left to right shunt as 

assessed clinically or by echocardiography underwent cardiac catheterisation using 

Fick's principle to quantify left to right shunt and pulmonary arterial hypertension. 

Those who had Qp:Qs >1.5:1 with no evidence of irreversible pulmonary vascular 

disease were planned for ASD device closure. 

After initial assessment for trans-catheter closure suitability all subjects were 

planned for ASD device closure using Amplatzer type ASD occluder device. During 

trans-catheter closure of ASD, device closure suitability and device size were 

reassessed by either trans-thoracic echo with balloon sizing (group I) or trans

esophageal echo without balloon sizing (group II). Fluoroscopy was used in both the 

groups during device deployment. 
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In group I (intra procedure balloon stzmg with trans-thoracic 

echocardiography), AGA balloons (AGA Medical Corporation, Golden Valley, MN) 

were used for balloon sizing. The procedure was under local anaesthesia adults while 

general anaesthesia was used in children. ASD size was determined by measurement 

of the waist of the balloon on quantitative fluoroscopic analysis (static balloon 

sizing). Fig 1 depicts technique of measuring ASD size by stretch balloon diameter 

using quantitative fluoroscopic analysis. 

Figure 1: Quantitative fluoroscopy for measuring stretched balloon diameter 

The device size selected was at least 2 mm more than the ASD measured. The 

selected device was deployed with TTE and fluoroscopy guidance. Device was 

upsized if the device prolapsed at multiple attempts provided there was adequate 

septal length and the device did not impinge on adjacent structures. Final device 

selection and number of attempts made were at operator's discretion. 
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In group II (intra procedure TEE for sizing and deployment), after general 

anaesthesia with assisted ventilation (irrespective of age), multi-plane TEE was 

performed in each patient. The maximal diameter of the defect was measured using 

atrial end-diastolic frames in 0 degree, 45 degrees, 90 degrees and 135 degrees. A 

minimal diameter was also obtained from other imaging planes. In the presence of a 

very floppy and mobile rim, measurement of defect diameter was made between 

steadier rims and the colour flow jet width across the defect was also measured to 

provide supplementary information. Septal rim thickness of 2: 4 mm was considered 

to be firm enough to hold the device. The largest dimension was used as the defect 

size. If there was 2: 6 mm difference between the largest measurements on two 

orthogonal planes then the defect was presumed to be oval in shape and the average 

size was considered to be the appropriate circular size. Whenever the aortic rim was 

deficient, upto 4 mm oversizing was considered to be appropriate, but in children, 

every effort was made to use the smallest possible size. Fig. 2 depicts measurement 

of ASD using TEE in various imaging planes. 

Fig 2: TEE imaging to measure ASD size a. 0 degree plane b. 45 degree plane 
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Deployment of Amplatzer type atrial septal occluder device 

The technique of deployment of the Amplatzer type septal occluder was 

similar to those described in the literature33' 34• Mullin's sheath at least one size larger 

than the size recommended for the device size was used for delivery of the device. 

ASD occluder device was deployed using standard technique of LA or left upper · 

pulmonary vein deployment with use of right upper pulmonary vein, balloon assisted 

device deployment in selected cases. In all patients the device used was Amplatzer 

like self centering septal occluder device. In group I the procedure was done under 

underwater seal of catheter and delivery system with trans-thoracic 

echocardiographic and fluoroscopy guidance. Most of the patients in group I had 

their procedure done without general anesthesia and mechanical ventilation. In 

addition in patients who were mechanically ventilated (all in group II and children in 

group I) the procedure from sheath introduction to device deployment was done with 

positive pressure ventilation (PEEP 5 em 'of H20) with anticipated benefit of 

avoiding air embolism. In group II complete procedure from entry into left atrium to 

post device deployment assessment was done with TEE and fluoroscopy guidance. 

When the position of the device was not well visualized on TEE images, particularly 

the posterior inferior rim, transthoracic precordial and subcostal echocardiography 

, was used as adjunct to TEE to monitor device position. Fig. 3 demonstrates TEE 

assessment after deploying ASD occulder device. 
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Fig 3: TEE imaging after device deployment a. 45 degree plane b. Bicaval view 

After deployment of device thorough assessment of device position especially 

with respect to adjacent structures and residual flow was done using either of the 

echocardiographic imaging techniques. In cases with unsatisfactory or unstable 

device position, residual shunt flow device was repositioned or upsized to achieve 

good device position and no residual shunt. The device was wriggled to ensure stable 

device position. After careful assessment of device position, confirming no 

functional or anatomical impairment of adjacent structures device was released from 

delivery cable. Post device release final device position and residual flow was 

reassessed. 

Subjects who underwent successful ASD device closure were observed 

clinically for 24 hours and underwent pre discharge trans-thoracic echocardiography 

after 24 hours. These subjects were planned for follow up clinically at 1, 3, 6 and 12 

months after the procedure with echocardiogram 3-6 months post procedure. All 

these subjects received dual antiplatelets (Aspirin 3-5 mg/kg/d and Clopidogrel 2-3 
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mg/kg/d) for 6 months. These subjects advised to observe infective endocarditis 

prophylaxis for six months. 

All demographic details, procedural related data, immediate procedural 

success, failure and major complications (device embolisation and death) were noted . 

. The data thus obtained was analysed and compared in group I and II. Subgroup 

analysis was done to assess impact of sizing and imaging technique on procedural 

success, failure and complication rate in various subgroups. 

Deimitions: 

Large ASD > 25 mm36 

Floppy rim: thickness < 2.5 mm 

Inadequate rims: firm rim < 4 mm 

Inadequate total septal length: < 1 0 mm larger than proposed device size 

Procedural success: able to deploy device without significant residual flow 

Procedural failure: unable to deploy device or significant residual flow or major 

complication e.g. embolisation, death. 
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STATISTICAL METHODS 

Statistical analysis was done with standard SPSS 15 software. The 

mean ± standard deviation, median was calculated for all continuous variables. 

Student's unpaired t test was used to compare means in two groups of continuous 

variables. Chi-square and Fischer's exact test was used to assess the significance of 

difference in categorical variables. A p value < 0.05 was considered statistically 

significant. 
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OBSERVATIONS AND RESULTS 

128 patients were eligible for analysis. 61 patients underwent attempted ASD 

device closure in group I while 67 had attempted ASD device closure in group II. 

The mean age of all patients was 22.6 ± 15 yr (median 20 yr). The age profile in 

group I & II were similar with mean age 22.9 ± 14.5 yr (median 21 yr) and 

22.3 ± 15.6 yr (median 18 yr) respectively (p 0.65). Of 128 cases in the study 69 % 

were female while 31% were male (F: M = 2.2). The female to male ratio in ,group I 

and II was 2.8 & 1.8 respectively. 48 (38%) patients were aged< 14 yr of whom 22 

were in group I while 26 patients were in group II. The pre procedure assessment by 

TTE was similar in both the groups except those patients with floppy rims were more 

in group II ( 13 as against 2 in group I, p 0.005). The basic demographic profile and 

baseline characteristics are shown in table 1. 

Table 1 :Baseline Characteristics 

Parameters All (n = 128) Gp I (n = 61) Gpll (n = 67) p 

Age (yr) mean± SD 22.6 ± 15 22.9 ± 14.5 22.3 ± 15.6 0.65 

Age< 14 yr 48 (38%) 22 (36%) 26 (39%) NS 

Age> 14 yr 80 (62%) 39 (64%) 41 (61%) NS 

Female 88 (69%) 45 (74%) 43 (64%) NS 

Male 40(31%) 16 (26%) 24 (36%) NS 
ASD (TIE) 
Size mean± SD (mm) 17.0±4.9 17.6 ± 4.9 17.7±5.2 0.89 

Floppy rims 15 (12%) 2 (3%) 13 (19%) <0.005 
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Among the 61 patients in group I, trans-catheter closure was not attempted 

after balloon sizing in 12 patients due to relatively large stretched diameter of the 

defect with respect to total septal length. Among 49 cases in which ASD device 

closure was finally attempted, six cases underwent surgical closure of ASD due to 

failed multiple attempts. After initial attempt at device closure with chosen device 

(size as adjudged by stretch balloon diameter and simultaneous trans-thoracic 

echocardiography) six patients underwent further upsizing due to residual flow. In 

three of such patients further attempts with larger device not done in view of 

relatively large device with respect to total septal length and were electively planned 

for surgical closure of ASD. Two p~tients developed device embolisation despite 

demonstrating good wriggle, and devices were retrieved successfully in both the 

patients with surgical closure of ASD. 

In 41 patients in whom procedure was successful ASD measured by stretched 

balloon diameter ranged from 12 to 30 mm (mean 19.9 ± 4.3, median 20 mm). The 

mean diameter of the device used was 23.7 ± 4.55 mrn, median 24 mrn with a mean 

upsizing of 3.76 ± 1.26 mm more than the measured size obtained by sizing balloon 

(median 4 mrn). 

In group II, total of 67 cases underwent attempted trans-catheter closure of 

ASD of which 3 were not considered suitable after pre-procedure TEE due to 

significantly floppy rim or large ASD with respect to total septal length. Among 64 

cases underwent attempted device closure. Among four failed attempted procedures 

two cases had multiple failed attempts while two cases had device embolisation to 
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pulmonary artery. In both the cases device could be retrieved successfully with 

surgical closure of the ASD. However one of these patients died in postoperative 

period on day 1 0 due to uncontrolled sepsis. 

Overall success rate in group II was 60 out of 67 procedures (89.6%). The 

mean defect size measured in group II patients who had successful procedure was 

20.1 ± 5.8 mm, median 21 mm. The mean diameter of the device deployed was 

22.3 ± 5.8 mm (median 22 mm) with mean upsizing of 2.1 ± 1. 7 mm (median 2 mm) 

more than the measured size obtained by TEE. Only two patients required upsizing 

from the initially selected device size after initial unsuccessful attempt in group II. 

The number of patients with measured ASD diameter > 25 mm i.e. large ASD was 

higher in group II, however the difference was not significant (21% in group I versus 

25% in group II, p 0.44). 

The intended data analysis revealed higher success rate of 89.6% in group II 

as compared to 67% in group I (p 0.002). The overall success rate was 79%. Among 

total 128 planned ASD device closure 27 patients had unsuccessful procedure or 

major complication of which 20 were in group I as compared to 7 in group II (p 

0.002). Among the cases with failed procedure majority (56%) of cases had 

inadequate rims/large ASD which was considered not suitable for device closure in 

view of higher risk of device embolisation, interference with adjacent structures, late 

aortic erosion and possible deterioration of A V nodal conduction. The cases 

considered not suitable due to large size/ inadequate rims were more in group I ( 12 as 

compared to 3 in group II, p 0.01). Similarly more patients had failed procedure 
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despite multiple attempts in group l as compared to group II ( 6 versus 2 in group l 

and II respectively, p 0.157). Those patients who had successful procedure the 

measured defect by either of the sizing modalities were similar i.e. 19.9 ± 4.38 mm in 

group l versus 20.1 ± 5.79 in group II (p 0.89). The mean size of device deployed 

was larger (23.7 ± 4.55 mm) in group I as compared to 22.3 ±5.8 mm in group II 

(p 0.183). The mean device size upsizing from measured ASD size was 3.76 ± 1.26 

mm, median 4 mm in group I and 2.15± 1.72 mm, median 2 mm in group II 

(p< 0.001). Thus ASD was successfully closed with relatively smaller device in 

group II with respect to measured ASD size. The intra procedure details are shown in 

table 2 and 3. 

Table 2: Procedure related characteristics and procedure success 

All (n = 128) Gpl(n=61) Gp II (n = 67) p 

ASD 
Size TEE 20.6 ± 6.0 0.98 

SBD 22.4 ± 5.9 

LargeASD 29 (23%) 12 (20%) 17 (25%) < 0.001 

Procedural success 101 (79%) 41 (67%) 60 (90%) 0.02 

Failed procedure 27 (21 %) 20 (33%) 7 (10%) 0.02 

Large ASD or 15 (11.7%) 12 (19%) 3 (5.97%) 0.01 
inadequate rims 

Failed multiple attempts 8 (6.3 %) 6 (9.84%) 2 (2.99%) 0.157 

Embolisation 3 (3.13%) 
} 2 (4.9%) 

1 (1.5) 

Death* 1 (0.78%) 1 
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Table 3: procedural success 

All (n = 101) Gp I (n = 41) Gp II (n = 60) p 

Age (yr) mean ± SD 24± 15 25.5 ± 13.3 22.9 :::;± 16.2 0.58 

Female 73 (72.3%) 34 (82.9%) 39 (65%) 
NS 

Male 28 (27.7%) 7(17.1%) 21 (35%) 

ASD size TTE (mm) 17 ± 4.9 16.4 ± 4.4 17.4±5.2 0.24 

Balloon stretch dia. (mm) 19.9 ± 4.34 
0.89 

ASD size by TEE (mm) 20.1 ± 5.8 

ASD device dia. (mm) 22.9± 5.3 23.7 ± 4.55 22.3 ± 5.8 0.18 

Device upsizing (mm) 2.8 ± 1.7 3.76 ± 1.26 2.15 ± 1.72 < 0.001 

The data were further analysed in different subgroups to assess impact of 

imaging technique used on procedural success, complication rate and to assess effect 

on various procedure related parameters as observed in two major analysis groups. 

Thirty patients had large ASD (> 25 mm) of which 13 (43%) were in group I and rest 

17 (57%) were in group II. Among patients who underwent attempted device closure 

13 (76%) in group II achieved procedural success as against 5 (38%) in group I (p 

value 0.029). Similar to main group analysis mean device diameter was smaller in 

group II; however the difference was not significant (p 0.62). The mean upsizing of 

1.85 ± 1.21 mm in group II was significantly lower than 3.4 ± 1.1 mm in group I. 

The difference in mean upsizing in two groups was not significant (p 0.07). Table 4 

shows various procedure related details in patients with large ASD. 

32 



06servations a CJ?.fsu{ts 

Table 4: Procedure outcome in large ASD (> 25 mm) 

All (n = 30) Gp I (n = 13) Gpll(n=l7) p 

ASD size TTE (mm) 22.1 ± 3.0 22.4 ± 1.95 17.4±5.2 0.25 

Female 15 (50%) 9 (69%) 6 (65%) 0.01 

Male 15 (50%) 4 (31%) 11 (%) 0.003 

Procedural success 18 (60%) 5 (38%) 13 (76%) 0.029 

SBD (mm) 26.6 ± 2.5 

ASD size by TEE (mm) · 27.6 ± 2.6 0.15 

ASD device dia. (mm) 29.9 ± 1.84 30 ± 1.41 29.5 ± 2.0 0.62 

Upsizing of device (mm) 2.27 ± 1.36 3.4±1.1 1.85 ± 1.21 0.07 

Among 128 patients in the study group 48 were aged S 14 yr. 22 of these 

patients underwent attempted device closure in group I while remaining 26 patients 

had their procedure done in group II. The mean ASD size by pre procedure trans-

thoracic echocardiography as well as size measured during procedure was similar in 

both the groups (p 0.87). 8 of 22 (36%) patients in group I had successful procedure 

as compared to 92% procedural success in group II (p < 0.001 ). The mean ASD size 

measured in two groups was similar while the mean device size used in group I was 

19.5 ± 3.96 mm as compared to 17.7± 3.82 mm in group II (p 0.25). The mean 

device upsizing was 3.13 ± 1.9 mm & 1.54 ± 1.17 mm in group I & group II 

respectively (p 0.008). The baseline patient and procedure characteristics in patients, 

S 14 years are summarised in table 5. 
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Table 5. Baseline and procedural characteristics in patients::::; 14 yr 

All (n = 48) Gp I (n =22) Gp II (n = 26) p 

ASD size TTE (mm) 14.1± 3.69 13.9± 3.77 14.3 ± 3.69 0.87 

Female 32 (67%) 13 (59%) 19 (73%) < 0.001 

Male 16 (33%) 9 (41 %) 7 (27%) 0.008 

Procedural success 32 (75%) 8 (36%) 24 (92%) < 0.001 

SBD(mm) 16.4 ± 3.9 

ASD size by TEE (mm) 16.1 ±3.84 0.87 

ASD device dia. (mm) 18.1 ± 3.88 19.5 ± 3.96 17.7 ± 3.82 0.25 

Upsizing of device (mm) 1.93 ± 1.52 3.13 ± 1.9 1.54 ± 1.17 0.008 

To summarise the results, group II patients had better success rate 

irrespective of size of the ASD and the age of the patient. In addition mean upsizing 

of the device over and above measured ASD size was less in group II, however this 

difference was not significant in patients with large ASD. Overall success rate and 

mean upsizing in various subgroups are depicted in Fig. 4 and 5. 
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DISCUSSION 

Atrial septal defect is common congenital heart disease. The risk associated 

with chronic volume overload with hemodynamically significant ASD mandates its 

closure. Surgical closure of isolated, uncomplicated ASD is minor risk surgery very 

low morbidity and mortality. Trans-catheter closure of OSASD is a well established 

and safe alternative to surgical closure. The excellent immediate, medium and long 

term outcome as well as acceptable rate of major complications has made this the 

preferred modality of management of ASD in recent times. 

The defect characteristics determine feasibility of device closure. After initial 

case selection delineation of anatomy of the defect and adjacent intra- cardiac 

structures is arguably the major determinant of procedural outcome. Gaining 

experience and improving imaging and interventional techniques have improved 

success rate with minimal complications many fold from the time it was started. 

Various studies have documented importance of predictors of procedure failure 

during OSASD device closure. The sizing of the defect and thereby device selection 

is crucial step. Balloon sizing has been the standard technique for measuring ASD 

size. There have been concerns regarding various pitfalls of balloon sizing and risk 

of potentially serious complications52, 53• 

Various studies have correlated vanous imaging modalities with balloon 

stzmg including TTE, ICE, 2D and 3D TEE, cardiac MRI51 '54-63 . Various 

investigators have shown good correlation between TEE assessed ASD size and 
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stretched balloon diameter (SBD)60- 62 • TEE provides advantage of better anatomical 

delineation which is crucial for the determination of the ASD morphologic features, 

diameter, and rims, which in tum affects proper patient selection. TEE allows precise 

guiding and positioning of the ASD device, which is essential for safe and effective 

trans- catheter ASD closure64• 

In quest of better way to assess ASD size with acceptable success and 

minimum complication rate has lead to contemporary practice of ASD device closure 

without balloon sizing. Recent studies have good procedural success without use of 

balloon sizing60- 62 . Despite common use of 2D TEE for ASD sizing as well as 

guiding device deployment without balloon sizing, its impact on procedure success 

and complication rate has not been studied extensively. 

This study was conducted to assess impact of change in the practice of trans

catheter ASD closure from balloon sizing to without balloon sizing. As an institute 

policy prior to Dec 2006 patient with ASD found suitable underwent ASD device 

closure with intra-procedural balloon sizing and deployment assisted by TTE and 

fluoroscopic guidance. With gaining experience and simultaneous use of TEE and 

balloon the procedure after Jan 2007 were mostly done with no balloon sizing under 

intra procedural TEE and fluoroscopic guidance. Those subjects in whom both 

techniques were used were excluded from analysis as primary analysis was for 

success, complication rate and procedural characteristics in two groups. 
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Baseline patient characteristics 

This was a retrospective study companng ASD device closure with 

fluoroscopy and either balloon sizing/ TTE imaging (group I) or TEE sizing and 

imaging (group II) during device deployment. The baseline characteristics of patients 

in both groups were similar including age, male to female ratio and ASD size 

measured by TTE done for patient selection. Group II had more number of patients 

with floppy rims (p < 0.001) as identified by TTE. 

Balloon sizing or no balloon sizing 

In this study while comparing these two groups it becomes evident that 

despite comparable dimension of the defect by either of the two sizing modalities, 

there was significant difference in success rate and device upsizing. Group II had 

better procedural success rate (p 0.02). This higher success rate in group II was 

achieved in spite of lesser degree of upsizing from the measured ASD size 

(p < 0.001 ). Thus mean device size used in group I was relatively larger (with respect 

to measured ASD size) as compared to group II, however this difference in mean 

device size was not significant (p 0.183). The higher success rate was maintained in 

all subgroup of patients irrespective of ASD size and age. In patients with large ASD 

(> 25 mm) TEE based device deployment had higher success (p 0.029) while this 

difference was more pronounced in patients aged< 14 yrs (p < 0.001). Considering 

its ability to provide distinctly higher success rate in younger patients (age < 14 

years) TEE may be considered superior in this subset of patients. 
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Multiplane TEE provides three dimension orientation of ASD and adjacent 

structures with better understanding of location, orientation of defect as well as 

orientation of device during deployment in relation with various rims of the defect. 

The direct visualisation of defect being closed with device aids to the confidence of 

device position, stability and residual flow. Post deployment wriggle has been used 

to ensure stable position prior to releases of the device. However device embolisation 

despite satisfactory wriggle has been reported and such instances were noticed in the 

present study group. 

The results of present study highlights the importance of better imaging 

obtained by TEE which may be the most important factor influencing the outcome 

apart from the size and anatomical characteristics of the defect. Sizing obtained by 

TEE is adequate for successful device closure and may be superior to balloon sizing 

as it avoids over sizing and is more physiological in terms of no stretch of compliant 

rims and thereby avoiding overestimation of defect size. Imaging the defect better 

prior to and during deployment of the device holds the key for successful device 

closure. 

All patients m the study group were selected after trans-thoracic 

echocardiography (in 12 cases TEE was also used due to suboptimal precordial and 

subcoastal echo window) for suitability of ASD device closure. Among 27 patients in 

whom ASD device closure was not attempted 15 (55.5%) were considered to have 

large ASD (with respect to total septal length) or inadequate rims. Group I had more 

patients who did not undergo procedure (p 0.01 ). Similarly more number of patients 
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had multiple failed attempts in group I, however the difference did not reach level of 

significance. In all such cases balloon sizing might have overestimated the ASD size 

making it falsely large especially with respect to available septal length. Also 

probable improper profiling, orientation of device and inappropriate deployment 

technique especially in ASD with deficient aortic rim, large ASD might explain 

higher failure in group I despite multiple attempts. It can be argued that better 

imaging of defect and the device during the procedure by trans-esophageal 

echocardiography would have guided the operators in proper selection of deployment 

technique as well as proper alignment of the device during deployment. 

Another area of concern during trans-catheter closure of ASD is device 

embolisation. Inappropriately smaller device increases the risk. Bartel in their study 

found similar underestimation when they compared TEE and ICE based 

measurements with that of stretched balloon diameter by fluoroscopy and ICE. They 

recommended mandatory balloon sizing to avoid undersizing of the device and thus 

higher rate of device embolisation59• In present TEE was used alone for size 

measurement in group II. Device embolisation occurred in two patients in each group 

(p 0.63). There was one death in group II which occurred in a patient who had 

device embolisation which was retrieved successfully with closure of ASD, but the 

patient succumbed to sepsis on post operative day 10. Thus overall there was no 

increase in the rate of embolisation without use of balloon sizing. In contrast other 

potentially serious complications can be avoided by reducing the device size. 
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In contemporary practice of trans-catheter closure of ASD emphasis is on 

reducing device size39. The mean ASD size measured by either balloon sizing or 

TEE was comparable. The device used was larger in group I, however the difference 

was statistically insignificant. However there was significant difference in mean 

device upsizing in two analysis groups (p < 0.001 ). This difference in upsizing was 

not significant in patients with large ASD (p 0.07), however in patients < 14 yr age 

had lesser mean upsizing (p 0.008). This has clinical implication in achieving 

procedural success especially where available septal length is the limiting factor. 

TEE by providing precise measurements, online analysis of the procedure helps the 

operator to reduce the device size upsizing for any given case. 

Wang et al in their study of ASD device closure with TEE imaging compared 

procedure with or without balloon sizing65 . In their study both groups had TEE as the 

imaging modality to guide device deployment while only sizing method was 

different in two groups. In contrast, in our study both sizing and intra procedural 

imaging modalities are different. Group I had balloon sizing with quantitative 

fluoroscopy with TIE to guide device deployment while TEE was used for both 

sizing and intra procedural guidance in group II. In their study Wang et al had 

success rate of 97.1% and 97.9% in with or without balloon sizing respectively. This 

is contrary to our findings wherein success rate in patients without balloon sizing is 

significantly higher. This difference is due multiple causes. First, differences in 

definition of procedural success. In our study we used ability to close ASD by device 

without significant residual flow as procedural success. This provides us with an 

opportunity to assess outcome after initial selection for device closure. Second, 
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imaging modalities were different in two groups in our study. TEE provides better 

imaging resolution and 3D orientation of intra cardiac anatomy and thus may 

influence the procedure outcome favourably. Third; in present study the upsizing of 

the device was variable according defect rims, total septal length and feasibility to 

close with proposed device. In their study they used much larger device with 

standard upsizing of 5-6 mm. Larger device size improves the closure rate of ASD, 

however with increased risk of size related complications. 

The mean device size used in balloon sizing group was significantly lower in 

study by Wang et al. This difference is due to pre procedure protocol of upsizing of 

device in without balloon sizing group and not because of procedure or defect related 

characteristics. In contrast our patients had smaller mean device size in group II; 

however this was not significantly smaller than in group II. 

There are no studies to compare device upsizing in different methods of 

selecting device size. This is the first study to look at this variable. Lesser upsizing 

provides chances to close defects with relatively smaller septal length and in tum 

would improve procedural success. Wang et al used relatively larger devices with pre 

planned upsizing of 4-6 mm in ASD < 14 mm and 6-8 mm in ASD 2: 14 mm in 

patients without balloon sizing. They also had larger ASD size by TEE in patients (in 

whom balloon sizing was not used). Both larger ASD size and pre planned upsizing 

led to larger device size in their patients. It can be argued that present study had 

better results in terms of relatively smaller device size and mean upsizing. 
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Comparing present study with study by Wang et al further emphasizes high 

accuracy, safety and' feasibility of ASD device closure with high procedural success. 

Our study results are in concordance with previous study. In addition we had similar 

acceptable procedural success with device upsizing on case to case basis which 

emphasizes that sizing by TEE alone is enough and when supplemented by online 

analysis of procedure, provides lesser upsizing of the device. 

Arguably the use of balloon for sizing the ASD includes additional radiation 

exposure to patient as well as the operator. This is a probable advantage in group II 

of our study group; however this aspect was not studied. In contrast TEE involves 

mandatory use of general anesthesia and thus predisposes patients to related potential 

risks. 

The present study provides another evidence to support safety and feasibility 

of ASD device closure without balloon sizing with TEE alone as sizing and guiding 

modality. Additionally TEE alone with individualised approach of device upsizing 

may be of significance especially in large ASD and young patients. 

43 



Conc{usions 

CONCLUSIONS 

1. Trans-catheter closure ASD can be performed without balJoon sizing using 

TEE alone as sole guide to size the defect and deploy ASD occluder device. 

2. TEE sizing and guiding during device deployment provides higher success 

rate than with balJoon for ASD sizing and TTE imaging for guiding device 

deployment. 

3. The higher success rate with TEE as sole modality is observed irrespective of 

age of the patient and size of ASD. 

4. Better anatomical delineation and imaging during the procedure is the key to 

procedural success apart from defect characteristics. 

5. TEE sizing provides more objective evidence of ASD size, its rims their 

floppiness and helps in individualised approach of device upsizing and thus 

obviates unnecessary large device. 

6. TEE based ASD device closure without balloon stzmg may Improve 

procedural success, device size in young patients. 
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LIMITATIONS OF THE STUDY 

1. The present study is a retrospective study and thus IS subjected to all 

limitations of a retrospective study. 

2. The imaging techniques used in two subgroups are different. The exact 

contribution of differences in sizing and imaging techniques used in the 

study, in determining procedural success is difficult. 

3. The protocol of fixed ups1zmg m group I might have exaggerated the 

difference in mean upsizing observed during the study. 
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