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U INTRODUCTION 



Introduction 

Congenital cardiovascular disease is defined as an abnormality in 

cardiocirculatory structure or function that is present at birth, even if it is 

discovered much later. Congenital cardiovascular malformation usually 

results from altered embryonic development of a normal structure or 

failure of such structure to progress beyond an early stage of fetal 

development. The true incidence of congenital cardiovascular 

malformation is difficult to determine accurately, however it is estimated 

that about 0.8 percent of live births are complicated by a cardiovascular 

ma~forrnation'~~. Cardiac catheterization is found to be very useful in 

diagnosis and surgical decision making. With the advent of 

echocardiography, magnetic resonance imaging (MRI) and fast computed 

tomographic (CT) methods truly diagnostic cardiac catheterization have 

become rare3. However, therapeutic catheterization has become popular. 

Balloon atrial septostomy4 was the first catheter intervention that proved 

useful in treating CHD (congenital heart disease) and it remains the 

standard initial palliation in many infants with D-TGA (D-Transposition of 

great arteries) unless the arterial switch operation is performed 

immediately. Many transcatheter techniques are now used successfully to 

treat CHD : blade atrial septostomy, device or coil closure of patent 

ductus arteriosus (PDA), closure of atrial septal defect(ASD) and patent 

foramen ovale, transluminal balloon dilation of pulmonary and aortic valve 

stenosis, radiofrequency perforation of pulmonary valve atresia, balloon 

expandable intravascular stents for right ventricular oufflow tract, 



pulmonary artery, aortic coarctation, other vascular stenosis and device 

occlusion of unwanted collateral vessel and arteriovenous fistula. These 

all have become treatment of choice in some centres with their 

capabilities. Patent ductus arteriosus represents the persistent patency of 

the vessel that normally connects the pulmonary arterial system and the 

aorta in the fetus. Surgical ligation or division of the PDA was the initial 

mode of management of these patients. Transcatheter closure of PDA has 

been performed for more than 30 years5. This method is now widely 

accepted as safe and effective alternative to surgery in many cardiology 

centres617. Transcatheter closure can be done either using devices or 

coils. Devices are quite expensive and in many developing countries 

device closure costs far more than surgical closure. Transcatheter closure 

of PDA using Gianturco coil is now a common practice in many cardiology 

centers as this is a simple and inexpensive technique. Hence this method 

is of particular interest to developing country like India. Minimally invasive 

surgery for the closure of a large patent ductus arteriosus using an extra 

pleural technique has been suggested as an alternative to interventional 

cardiology procedures8. However they have not been popular. Selection of 

the appropriate size of the coil needed is the most important aspect of 

this technique. There is no universally accepted criterion for the selection 

of the coils. I n  the present study we analysed the clinical, 

echocardiographic, hemodynamic and angiocardiographic parameters of 

the patients who underwent successful coil closure to find out the 

determinants of selection of the size and number of coils. 





































































































































U DISCUSSION 



DISCUSSION 

Transcatheter closure of PDA is an established alternative to 

surgical ligation there by avoiding lateral thoracotomy, shortening hospital 

stay and reducing c o ~ t s ~ ~ . ~ h e r e  are several reports using various devices 

and novel techniques for occlusion of PDAs 87t88t89f90191. Numerous reports 

confirm the safety and efficacy of Gianturco coil occlusion of PDA. Santoro 

et al 92 in their study of percutaneous treatment of moderate-to-large 

patent ductus arteriosus with different devices in 57 patients concluded 

that by tailoring the device choice to the patient size and ductal 

morphology the multiple coil option revealed as effective as the ADO 

(Amplatzer duct occluder) device over a mid-term follow-up. After the first 

case reports 24 demonstrated efficacy, the procedure was adopted at 

many centers and started to be widely employed. Individual centers 

reported success in patient series throughout the remainder of 1990s.The 

size of the series ranged from 24 Michigan patients 93 reported in 1993 to 

149 Boston patients54 reported in 1999 .Recent reports include 86 

patients in whom bioptome assisted coils occlusion was used in moderate 

to large PDAs in infants and children by kumar et a12'.~ven the earliest 

reports demonstrated high rates of successful implantation (92% to 

97%), no mortality and little significant morbidity. Reports from the end 

of 1990s in larger patient groups have extended the range of this 

procedure to larger PDAs and to smaller younger patients. They 

demonstrate successful implantation in up to 98% of patients, no 

mortality and little significant morbidity. 



The Technique 

Transcatheter closure can be achieved by either coils or devices. 

However, devices are quite expensive and in many developing countries, 

device closure costs far more than surgical closure. Moreover multiple coil 

deployment has been shown to be equally effective as Amplatzer duct 

occluderg2. Transcatheter PDA closure using Gianturco coils has been very 

successful, safe and cost effective6*# ". Nevertheless coil implantation was 

difficult for large PDA due to lack of stability and easy coil migrationgS.~ue 

to large amount and high velocity of blood flow through a large PDA, two 

problems are associated with coil occlusion procedures: l) An excessive 

amount of coil positioned in the pulmonary artery 2) coil embolization 

.Modified catheters and snare devices have been used to hold the coil 

during placement, affording some control during positioning the coil, or 

coil removal if necessary. Although these techniques improve the 

procedure results, they complicate the procedure, and if the coils are not 

in the optimal position, the coil must be pulled out of the patent. When 

pulling the coil out of the patient, the coil can become entangled in the 

tricuspid valve or iliofemoral vein. Once the coil is removed, to implant 

another coil, the procedure must be restarted from the beginning. An 

ideal system for occluding large PDAs would allow for easy repositioning 

of the coil in the PDA, and simple coil removal if a different size of the 

coils is needed. Bioptome assisted coil occlusion overcomes many of the 

difficulties of coil closure of larger PDAs by ensuring much better control 



of the delivery processg6 I f  too many loops of coil are positioned in the 

MPA, or the coil is not positioned optimally in the PDA, the coil-bioptome 

can be pulled back into the sheath and the same coil can be redeployed. 

If the coil diameter is too large or too small, the coil is removed easily by 

pulling it back into the sheath, as the sheath is advanced into the PDA, 

then a different size coil can be implanted through the same sheath. I f  

desired, the coil can be held with the bioptome during angiography, or 

while crossing the PDA with a catheter to place additional coils. Long 

sheath with a radio opaque band on the distal end is useful for accurate 

positioning. The only drawback of the system is the additional cost of the 

bioptome. The minor cost of the bioptome may be overweighed, 

however, by shorter fluroscopy and catheterization time and most 

importantly, improved clinical results. For large ductus a single coil is 

often not sufficient. This techinique allows more than one coil to be 

deployed simultaneously. This method has potential for closing large 

ductus that would otherwise require occlusive devices or surgical 

operation. In  this technique coils of different sizes can be used 

simultaneously, the smaller diameter coils are likely to turn inside the 

larger coils. This technique also allows simultaneous retrieval and 

redepyloyment of all the coils if the initial position is not satisfactory. We 

found that the delivery sequence described by kumar et a12' to be useful. 

This technique is different from previous descriptions of bioptome 

assisted PDA coil closureg6. I n  this techinique the entire coil is brought out 



into the descending thoracic aorta and then pulled back allowing its 

compaction in the ampulla, thereby acting as a plug with very little or no 

protrusion into pulmonary artery. Apart from the ratio of coil diameter to 

the narrowest duct diameter coil stability is largely determined by 

whether or not the coil mass is entirely in the ampulla. Ducts with small 

ampulla may not be suitable for coil occlusion. We also found that flexible 

3 Fr bioptome to be more useful than the stiff 5 Fr bioptome. Attempts to 

hold the coil for longer periods using a stiffer 5 Fr bioptome often resulted 

in inadvertent dislodgement of one or more coils. Lorber et al 97 used a 

new catheter that combines good angiographic properties, easy 

manipulation across the duct, documentation of aortic and pulmonary 

artery pressure, and coil delivery for percutaneous transaortic ductal 

occlusion. Only one catheter and one guide wire were used per 

procedure, with no need for exchange wires or the establishment of an 

arteriovenous loop. They could significantly decrease the procedure and 

screening time. 

Coil embolization 

Early reports had embolization rates upto 8010~~ whereas recent 

rates have been only 3.5 or 4 %. Hijazi et alg9 reported coil embolization 

as a complication in 7 out of 24 infants. However this study was in infants 

with technically difficult procedures. The current low embolization rates 

are especially remarkable because larger technically more challenging 

PDAs have been included in the recent series. We had only 3(4.5%) 



patients who developed embolization. Low rates in our series might have 

been due to the the use of bioptome. Embolization in our series was 

unrelated to PDA size or angiographic PDA type. Kumar et al 29 in their 

study of bioptome assisted coil occlusion of moderate to large PDA in 

infants and children reported embolization in 14/86(16.2%) patients. 

They noted that two of the four instances of aortic embolization were 

related to attempts to deploy the coils entirely in relatively small ampulla 

and two cases it was during attempts to recross the duct for additional 

coil deployment. Snare retrieval and redeployment of the same coil was 

accomplished in all four patients who had aortic embolization in their 

study. They also noted that 10 instances of pulmonary artery 

embolization were because of underestimation of the duct size (n=8), 

failure of the jaws to open satisfactorily to release the coil and 

embolization of additional coil during deployment. They could reterive the 

coils in all their 14 patients. These are the usual problems related to coil 

embolization noted in most series 

Closure results 

The early series reported high residual shunt rates at the time of 

hospital discharge (17% to32%) 93 .These shunts were usually trivial and 

many resolve completely during follow up. Kumar et a12' in their study of 

bioptome assisted coil occlusion of moderate to large PDA in infants and 

children reported complete flow occlusion in the catheterization laboratory 

in 63/86 (73%) patients. Ten of the 23 patients with residual flows 



demonstrated in the catheterization laboratory continued to have 

demonstrable flows on 24 hr Doppler examination. On follow up small 

residual flows were demonstrable in 11 patients (12.7%) at 3 months that 

disappeared at one year in two patients. Residual flows were associated 

with murmur in two of their patients who underwent repeat coil 

deployment with flow elimination. Daniels et al loo in their study of 25 

patients undergoing trascatheter coil occlusion of PDA, 4 out of 7 (57%) 

had evidence of residual left to right shunt. They also noted that these 

patients had length/diameter of the PDA c 3, whereas only 2 out 16 ( 

12.5%) with a lengthldiameter ratio> 3 had residual shunt at 

intermediate follow up. Similar findings were reported by Forbes et al ''l. 

With additional operator experience, modification of the implantation 

technique, use of larger coil loops, coils with more loops, and in many 

cases more than one coil, residual shunt rates at the time of hospital 

discharge have been reduced to as low as 3%. With the use of bioptome 

and improved techniques present day residual shunt are much less. In  

our study we had only two patients with trivial shunt at the time of at the 

time of hospital discharge. Early reopening and recanalization after 

successful coil occlusion of PDA was reported by some authors. Daniels et 

al loo found 25 O/O incidence of PDA reopening 2 to 12 months after 

procedure. Other investigators have reported a 3 O/O to 9 O/O risk of PDA 

reopening with follow up periods ranging from 9 to 20 months. 102t103.~atel 

et al 73 reported no PDA recanalization in a large series of patients with a 



median follow up of period of 3 years . Turner et allo4 in their review of 

early reopening and recanalization after successful coil occlusion of PDA 

noted that early PDA reopening after initial complete coil occlusion occurs 

uncommonly within 6 months of coil placement. Patients with normal 

echocardiogram 6 months after coil placement did not develop PDA 

recanalization, LPA stenosis, or aortic obstruction at intermediate follow 

up. Interestingly guidewire and catheter manipulation without coil 

placement has been shown to close minimal patent ductus arteriosus ( c 1  

mm) 'OS. Thirty eight patients with minimal PDA were enrolled in their 

study between 

April 2000 and September 2004, They classified their patients into 

two groups. Group A consisted of l1  patients (age range 0.7 

to 3.5 years; mean age 1.6 years) who underwent guidewire and catheter 

manipulation. Group B consisted of 27 patients (age range 0.5 to 2.7 

years; mean age 1.3 years) who underwent transcatheter closure of PDA. 

They found that in group A (PDA 0.4-0.9 mm), 9 (82%) patients had 

successful closure, and two (18%) patients failed the manipulation. No 

patient had complications during the procedure or follow-up. I n  group B 

(PDA 0.5-0.9 mm), 26 (96%) patients had successful closure and l (4%) 

patient failed the attempt at transcatheter coil closure. No adverse events 

of coil closure were found during follow-up. Compared to the patients in 

group B, those in group A differed significantly in terms of procedure 

time. There were no significant differences in age, sex, body weight, PDA 



size, fluoroscopy time, success rate, and complication rate. They 

concluded that the catheter manipulation is safe and effective for patients 

with minimal PDA. The manipulation technique can be tried before 

transcatheter coil closure in patients with minimal PDA. 

Selection of Coils 

Selection of the type and number of coils is very important in the 

success of this procedure. However, there is no universally accepted 

method for coil selection. Coil selection is usually made from 

measurements from a lateral aortogram, hemodynamic significance, 

patient size and age of the patienp9. The most important measurements 

include the duct size, anatomy and size of the ampulla. Kumar et al 29 

suggested echocardiographic measurement to guide coil selection unless 

the duct diameter by angiography was larger than the echocardiographic 

measurement. This was done to avoid being misguided by duct spasm. 

What coil sizes are most likely to achieve duct closure continues to involve 

some guess work. Coil loops must be large enough to prevent 

embolization through the PDA and coil loops should also be small enough 

and few enough to avoid causing obstruction to either the descending 

thoracic aorta or left pulmonary artery. Excluding neonates, Gianturco 

coils are capable of occluding most PDAs. PDA with minimum 

angiographic diameter upto 10mm have been closed .PDAs that are short 

are more difficult to close with coils especially if they are larger than3mm 

in diameter. Moore et al lo2 in their review of PDA closure in their hospital 



between found that the ratio of the minimunm PDA diameter to the 

diameter of the descending thoracic aorta below the ductal diverticulum 

was the most important descriminator between patients who underwent 

PDA coil closure vs those who under went surgery. I f  the ratio was 0.3 or 

less 94% of the patients had successful coil occlusion. Various authors 

have used different criteria for selection of coils. I n  order to prevent coil 

embolization the loop diameter must be at least twice the minimum PDA 

angiographic diarneter4O.~he maximum coil loop diameter should be less 

than or equal to the maximum dimension of the arnpulla4O.~he coil length 

should allow for 4 loops of coil: l/2 to l loop in pulmonary artery,3 to 3 l/2 

loops in the ampulla. Only few studies are available on the selection of 

appropriate size coils for PDA closure. Lertsapcharoeon et al reported 

the results in transcatheter coil occlusion of patent ductus arteriosus less 

than 4 mm, based on a policy in selection of the appropriate type and 

number of coils for size of PDA. The authors used one 0.035 inch 

detachable coil, 5 mm in diameter, in PDA less than or equal to 2 mm, 

and two 0.035 inch detachable coils or one controlled release 0.052 inch 

Gianturco coil in PDA larger than 2 mm. Their study included 32 pediatric 

patients. There were 31 cases of successful coil implantation and l case 

failed. Of the 31 successful cases, PDA size varied from 1.4 to 4.0 mm 

(mean of 2.7 + 0.9 mm).The patients were classified into group A and B. 

Group A included ten patients with a PDA size of less than or equal to 2 

mm, while group B included the other 21 patients with a PDA size of 



larger than 2 mm. I n  group A, 9 cases had single-detachable-coil 

occlusion and one case had double-detachable-coil occlusion. I n  group B, 

double-detachable-coil occlusion was performed in 17 cases and 

controlled release 0.052 inch coil in 4 cases. I n  their study there were no 

cases of coil migration or other serious complications. The immediate 

complete occlusion rate was 58 per cent (18 of 31 cases), which rose to 

97 per cent (30 of 31 cases) at the mean follow-up of 2.6 + 2.5 months 

(range from l day to 9 months).They concluded that transcatheter coil 

occlusion is an alternative to surgical closure of small PDA (less than 4 

mm). Kumar et al" in their study of bioptome assisted coil occlusion of 

moderate to large PDA used different criteria as mentioned previously in 

review of literature. They also suggested to cut the coils if it was 

anticipated that the coil turns would not fit into the ampulla. The cut end 

of the coils was carefully inspected. I f  the cut end had sharp edge a few 

millimeters of the coil was cut to ensure smoothness. This also indicates 

how important it is to accurately size the coils. Measurement of the duct 

size is crucial in the selection of coils. Coils are available with a core 

diameter of either 0.52" or 0.32".In the present study we used 0.52" coils 

whenever possible. The 0.052" Gianturco embolization coils (Cook Inc ) 

are constructed from a heavier gauge wire than the more commonly used 

0.38" Gianturco coils. During the implant, the 0.052" coils maintain their 

tightly wound loop size and configuration: they do not have the 

longitudinal stretch (ie the accordion effect) as do 0.038" coils. The 



sturdier 0.052 coils provides improved positioning during implantationg6. 

Because the 0,052 "Gianturco coil is larger in diameter and it requires a 

larger catheter to implant. 7 Fr catheters may be required which may be 

too large for small infant. Another disadvantage is that the stiffness of the 

0.052" coil might stretch the PDA and change shape of the ductus. 

Because the contour of the PDA is distorted shunt may become significant 

if the coil occlusion is not complete in patients having PDAs with 

significant shunts (Qp/Qs>l:4). Tomita et al lo6 reported good results 

with the use of 0.052'%oil. They used used a Gianturco coil (0.052-inch 

coil) to close PDA >or=2.5 mm. I n  a retrospective survey of the outcome 

of coil occlusions for PDA >or=2.5 mm before and after the 0.052-inch 

coil became available found that (l) the frequency of PDA >or=2.5 mm 

among all candidates for coil occlusion significantly increased after the 

availability of a 0.052-inch coil (peO.01); (2) deployment complicated by 

migration (p<0.01), and prolonged procedure time (pe0.05) were 

significantly decreased after the introduction of the 0.052-inch coil. I n  a 

multivariate logistic regression model for uneventful deployment adjusted 

for age, pulmonary to systemic flow ratio, and use of a 0.052-inch coil, 

use of the 0.052-inch coil significantly decreased eventful deployment 

(pe0.05); and (3) successful deployment of a coil for PDA >or=4 mm 

significantly increased with the 0.052-inch coil (pe0.01). Complete 

occlusion was achieved once deployment was successful. They concluded 

that Introduction of the 0.052-inch coil decreased complicated coil 



occlusion deployment for PDA >or=2.5 mm, and contributed to a better 

likelihood of coil occlusion for PDA >or=4 mm. 

Multiple coils 

I n  the present study 29(43%) of patients required single coil, 

32patients (48%) required two coils and only 6(9%) required three coils. 

In  the PDA coil registry107 sponsored by the university of Michigan and 

children hospital San Diego CA, involving 64 centres and 1365 Gianturco 

coil occlusions procedures in 1336 patients most patients most patients 

(66%) had one coil implantation via the arterial route. However upto nine 

coils were implanted in individual patients (mean 1.6 coils per patient) 

About 5% of patients had PDAs that were too large to occlude. Haung et 

al lo8 in their study of safety and efficacy of using 0.052 -inch Gianturco 

coils for closure of large patent ductus arteriosus found that single 0.052" 

coil implantation was rarely able to close large PDAs. In  their study 

transcatheter closure of PDA was successful in 13/15(86.7%) o f their 

patients. Successful single 0.052" coil occlusion of PDA was achieved in 4 

patients. The other eight patients received at least two coils. One patient 

needed three coils. They reported that the 'multiple coil no residual shunt 

strategy' previously proposed by Zellers et al" to be very effective. Lee 

et al log studied the outcome of percutaneous trans-arterial coil occlusion 

in patients with isolated patent ductus arteriosus using an upstream-and- 

push maneuver. This study evaluated the 2-year outcome of 52 patients 

with isolated PDA who received percutaneous transarterial coil occlusion 



by an upstream-and-push maneuver.They included a total of 52 patients 

(25 infants, 27 children) who underwent occlusion of PDA with standard 

Gianturco coils. There were 39 females and 13 males. Patient age ranged 

between 7 days and 14 years, and weight was between 3 and 45 kg. 

Percutaneous transarterial coil occlusion was performed by an upstream- 

and-push maneuver. Doppler echocardiography were performed in all 

patients within 24 hours, and l, 3, 6, 12 and 24 months after coil 

occlusion. Mean PDA diameter at  the pulmonary end was 2.34 k1.00 mm 

(range, 1.00-4.80 mm). Angiographicaly they classified PDA into 

megaphone type in 32 patients, window type in seven, tubular type in six, 

aneurysmal type in three, and elongated conical type in four. Complete 

PDA occlusion was performed with a single coil in 41 (79%) patients and 

with multiple coils in l 1  (21%). The mean ratio of pulmonary to systemic 

blood flow in their study was 1.95 + 0.95 (range, 1.10-5.80) before the 

procedure, and 1.02 ~ 0 . 0 4  (range, 1.00-1.20) after the procedure (p 

0.001). They could achieve immediate occlusion of the ductus in 15 

minutes after the procedure in 44 (85%) patients. 92% of their patients 

achieved occlusion within 24 hours and in 100% of patients by the 1- 

month follow-up. There were no complications on follow-up at 24 months 

after the procedure. Percutaneous transarterial coil occlusion with 5-loop 

Gianturco coils can be effectively and safely achieved in patients with a 

PDA minimum diameter <5mm. 



Coil impingement on adjacent structures. 

Use of multiple coils may be a risk factor for coil impingement on 

adjacent structures and for coil embolization. Most authors screened 

prospectively for impingement of the coils on adjacent structures as a 

result of prior experience with the Rashkind occluder llOtlllf. To date, 

there has been no significant problem with aortic arch obstruction 

secondary to coil position in any series. Some LPA impingement by the 

coil with either frank stenosis andlor increased flow rates by Doppler, 

have been noted in some patients by most authors. Moore et a140 found 

Doppler evidence of LPA impingement in 10129 patients. In  the study by 

Forbes et all0' two patients developed mild LPA stenosis which in one 

patient persisted at 43 month follow up. Hijazi et al " also noted LPA 

stenosis in two infants where multiple coils were required. Later studies 

have confirmed that the pulmonary branch and aortic obstruction induced 

by coils have not been clinically important .Zellers et a1114 found that 

complete closure of PDA by multiple coils is feasible and poses no danger 

to the adjacent vessels. They also stated that the use of even two 0.052" 

Gianturco coils does not jeopardize the left pulmonary artery or the 

adjacent aorta. 

Measurement of duct size 

The duct size can be measured by either echocardiography prior to 

the procedure or by angiogram during the procedure. I n  the present 

study both measurements showed good correlation. Hence 



echocardiographic measurement of the duct size can be used as a guide 

to coil selection prior to the procedure; however final coil selection is 

made from the angiogram. This information from the echocardiogram 

prior the procedures enable us to make sure the availability of the 

appropriate coils. Kumar et al" in their study also found echocardiogram 

very useful in selection of coils. In  most infants and small children, 

excellent echocardiographic assessment of duct diameter at PA insertion 

and adequacy of its ampulla can be obtained using a combination of high 

parasternal or ductal views and suprasternal views114f115. I n  their study, 

all patients were selected for coil occlusion after echocardiographic 

assessment alone and they did not change their strategy in any patient 

after angiography. In  the present study ampulla size measured by 

echocardiogram and angiogram showed significant correlation. Saunders 

et al 'l6 in their study in dogs compared echocardiographic and 

angiographic ductual dimensions. PDA dimensions were obtained with 

angiography, 2D and colour Doppler transthoracic echocardiogram, 2D 

and colour Doppler transoesophageal echocardiogram from the right and 

left views were prospectively evaluated. They found that PDA dimension 

measured by using TEE most closely approximated angiographic 

measures. TEE provided accurate anatomic information regarding PDA 

morphology and closely approximated angiographic ductal dimensions 

while aiding in both coil deployment and confirmation of intra-operative 

ductal closure. 



Clinical profile and number of coils 

I n  our study we did not find correlation between the number of 

coils and presence of symptoms, weight or the presence of left ventricular 

hypertrophy by electrocardiogram. However there was significant 

correlation between the presence of cardiomegaly and plethora and the 

number of coils used. Those patients with cardiomegaly and plethora on X 

ray chest required more number of coils. These parameters usually 

indicate that the duct is large. However we could not quantify the shunt 

in these patients due to technical difficulties. Haung et al lo8 in their study 

of 25 patients assessing the safety and efficacy of using 0.052 inch 

Giantuco coil for closure of large patent ductus arteriosus noted mean 

QP/Qs of 2.4 (range 1.5 to 3.5); however this was not a significant 

criteria for selection of coils. The only study which used QP/Qs for 

selection of coil was that of Moore et al 40 .They used coils with larger 

nominal diameter (0.052") in larger patients having PDA with significant 

shunts (Qp/Qs>l:4).Forbes et al l'' in their study of angiographic and 

hemodynamic predictors for successful outcome of transcatheter 

occlusion of PDA in infants less than 8 Kg did not find any significant 

difference between successful versus unsuccessful groups regarding age, 

weight, or technique used to deliver the coils. 

Haemodynamic parameters and number of coils 

In  the present study hemodynamic parameters like pulmonary 

artery systolic pressure, pulmonary artery diastolic pressure, pulmonary 



artery mean pressure, aortic systolic pressure, aortic diastolic pressure 

and aortic mean pressure did not correlate with the size and number of 

coils used. Forbes et al lol in their study of angiographic and 

hemodynamic predictors for successful outcome of transcatheter 

occlusion of PDA in infants less than 8 kg found that lower preocclusion 

systolic, diastolic, and mean pulmonary artery pressures to predictors of 

successful outcome. 

Duct size and number of coils. 

Moore et a140 used 0.052 coils in patients having PDA with 

significant left to right shunt. I n  our study there was significant 

relationship of multiple coil use and increasing PDA size (pc 0.001). 

Patients with duct size between2.4 and 2.7mm need only a single coil at 

95% confidence interval. Two coils were used when the duct size is 

between3.3 and 3,7mm at 95% confidence interval. Three coils were 

used when the duct size is between 3.7 and 4.7mm at 95 O/O confidence 

interval. Our observations are in agreement with that published by Kumar 

et a12'. This information is very useful in guiding the coil selection. Forbes 

et all0' analysed angiographic and hemodynamic predictors for successful 

outcome of transcatheter occlusion of patent ductus arteriosus in infants 

less than 8 kilograms The hemodynamic and angiographic data evaluated 

included the lengthldiameter (LID) ratio, defined as the length divided by 

the narrowest diameter of the ductus arteriosus, and preocclusion 

pulmonary artery pressures. I n  their study The LID ratio was the 

strongest predictor of successful outcome, with an L/D ratio greater than 



3.0 being more amenable to transcatheter occlusion (odds ratio of 4.6). 

Other predictors for success included lower preocclusion systolic, diastolic, 

and mean pulmonary artery pressure and smaller ductal diameter. They 

concluded that infants less than 8 kg with an LID ratio > 3.0 can safely 

and successfully undergo transcatheter occlusion of their PDA. Hijazi 

et alg9 found that larger ductal diameter may make a ductus less 

amenable to trancatheter occlusion. Others have found that ductus with 

shorter length was difficult to close. Ing et alS3 used multiple coils in 27 O/O 

(281104) of their patients. I n  their study of 104 patients two coils were 

used in 23 patients, 3 coils in 2 patients and 4 coils in one patient with 

6.8 mm PDA. They also found significant relationship of multiple coil use 

with increasing PDA size. I n  the small PDA group multiple coils were used 

in only 2.6 O/O of patients. They classified their patients into three groups 

according to minimum PDA diameter. Group l(2.1 -3mm),group 11( 3.1 - 

4) and group I11 >4mm. Group I patients received multiple coils in only 

9.7% (6162)of procedures (p<O.O3,cornpared with the study group as a 

whole);both group II(40.7°/~,11/27;p<0.02) and group I11 

(73.3°/~,11/15;p<0.001) patients received multiple coils more frequently 

than group I. I n  their study group, the mean PDA minimum diameter in 

which single coil was implanted was 2.8 + 0.6 compared with 3.8 + 1.1 

mm in patients with multiple coil closure (p<O.OOl).The largest PDA in 

their study to have immediate complete closure with single coil was 4.9 

mm in diameter. 



Number of coils and ampulla size. 

In  the present study we found significant correlation between the 

number of coils used and the ampulla size (P=O.OOl). More number of 

coils was necessary when the ampulla is large. 

Duct size and total length of the coils. 

The duct size and the total length of the coils showed high degree 

of linear correlation (pc0.001). It is possible to predict the total length of 

the coil required from the duct size from the formula Y= 4.8~-4.3 (Y is the 

total length of the coil and X is the duct size).This information is also 

useful to select the appropriate size of the coils. I f  the length of the coil is 

known the number of loops can be calculated. (number of loops= coil 

length/circumference of each loop) 

Duct size and coil diameter. 

I n  the present study the duct size and the coil diameter also 

showed significant correlation (pco.001). It is possible to predict the coil 

diameter required from the duct size using the formula Y=l.2x+2.9l(Y is 

the coil diameter and X the duct size).Similarly ampulla size and coil 

length are highly correlated and correlation is significant. The coil length 

can be predicted from the diameter of the ampulla using the equation 

y=0.43 x+3.396(Y is the coil length and X ampulla diameter). I n  addition 

angiographic type of the ductus is important in determining the success of 

the procedure. The PDA coil registry1" and other series demonstrated a 

significant relationship between failure of coil implantation and 



angiographic type B. However in the present study majority of the ducts 

were of Type A (79%) and the number of patients in other type of ductus 

were small to draw any definite conclusion. However Ing et a~~~ did not 

find any relation of the angiographic type of ductus to procedure failure, 

incomplete closure or to use of multiple coils. The tremendous 

effectiveness of the Gianturco coil, along with the low cost and 

widespread availability of this coil, however make it the preferred method 

for transcatheter PDA occlusion. Selection of appropriate size coils is very 

important for success of the procedure. To the best of our knowledge no 

previous studies are available to predict the length of the coils needed 

from the duct and ampulla size. 



SUMMARY & CONCLUSION 



Summary 

Congenital cardiovascular disease is defined as an abnormality in 

cardiocirculatory structure or function that is present at birth, even if it is 

discovered much later. Patent ductus arteriosus is a congenital heart 

disease where there is patency of the vessel that normally connects the 

pulmonary arterial system and the aorta in the fetus. Surgical ligation or 

division of the patent ductus arteriosus was the initial mode of 

management of these patients. With the advent of transcatheter closure 

of Patent ductus arteriosus this method is now widely accepted as safe 

and effective alternative to surgery. Transcatheter closure can be done 

either using devices or coils. However devices are quite expensive and in 

many developing countries the devices cost far more than surgical 

ligation. Transcatheter closure using coils is cheap and effective. Selection 

of the type and the number of coils is very important in the success of 

transcatheter closure using coils. However there is no universally 

accepted method for selection of coils. I n  the present study we analysed 

the clinical, echocardiographic, hernodynamic and angiocardiographic 

parameters of the patients who underwent successful coil closure to find 

out the determinants of selection of the size and number of coils. Our 

data show that size of the duct and ampulla measured on echocardiogram 

correlated well with those measured on angiogram. We did not find 

correlation between number of coils and presence of symptoms, weight 

and the presence of left ventricular hypertrophy on electrocardiogram. 



However there was correlation between the number of coils used and 

presence of cardiomegaly and the presence of plethora. Our study also 

showed that the size of the ampulla and duct measured on angiogram 

was the most important parameter for selection of the coils. It is also 

possible to predict the number of coils, the total length of coils, and the 

diameter of the coils needed from these measurements. This information 

is very important in the success of the trascatheter closure of Patent 

ductus arteriosus using coils. Transcatheter closure of patent ductus 

arteriosus using coils is a safe and effective method and the 

measurements made from the angiogram is the most important criteria 

for selection of coils. 



Conclusions 

Bioptome assisted transcatheter closure of patent ductus arteriosus 

using coils is a safe and effective alternative to surgical ligation or 

division. Selection of the appropriate size of the coils is very important in 

the success of the procedure. Measurement of the duct size from the 

lateral aortogram is the most important parameter for selection of the 

coils. These measurements help us to predict the number of coils, the 

total length of the coils and the diameter of the coils 



Abbreviations 
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AS 

BPV 

CHD 

COA 

CT 

D-TGA 
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MDCT 
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PS 
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Amplatzer duct occluder 

Atrial septal defect 
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Computed tomography 

D transposition of great arteries 

Doppler flow velocity integral 

Electrocardiogram 

Left pulmonary artery 

Left ventricular hypertrophy 

Multidectector row computed tomogra phy 

Main pulmonary artery 

Magnetic resonance imaging 

New York heart association 

Patent ductus arteriosus 

Pulmonary stenosis 

Transthorasic echocardiography 

Transoesophageal echocardiography 

Ventricular septal defect 
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