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Abstract 

We propose the passage of a thick black braided silk SUTUPAK silk suture (Ethicon, Somerville, 

NJ) through the additional muscular ventricular septal defects to facilitate patch closure of the 

multiple muscular ventricular septal defects. 
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Introduction 

Despite advancements in surgical and interventional techniques, closure 

of multiple muscular ventricular septal defects (VSDs) is associated with 

significant perioperative mortality, residual VSDs, ventricular 

dysfunction, and complete heart block. [1-4]  

An analysis of operations in the STS Congenital Heart Surgery Database 

during the 4-year time period of 2005 through 2008 inclusive, revealed 

the following four findings:  

1.  Multiple VSDs take longer to close. 

2.  When compared with the more common perimembranous VSD, the 

rate of heart block is three times higher with muscular VSDs and 

multiple VSDs. 

3.  When compared with the more common perimembranous VSD, the 

rate of unplanned reoperation is over four times higher with 

muscular VSDs, and almost twice as high with multiple VSDs. 

4.  When compared with the more common perimembranous VSD, the 

rate of mortality before discharge from the hospital is over twice as 

high with muscular VSDs and over three times as high (8.5%) with 

multiple VSDs. [1] 

These complications primarily results from difficulties associated with 

inadequate exposure and closure. We report the technique and results in 

5 patients with multiple muscular VSDs with severe pulmonary arterial 

hypertension (PAH) using a No. 3 SUTUPAK silk suture through a 

transtricuspid approach. 

Clinical Summary 

Between January 2019 and May 2021, 5 patients underwent patch closure 

of multiple muscular VSDs by a single surgeon (corresponding author) 

using the surgical technique described after informed written consent 

from their parents / guardians.  

Their ages at the time of operation were 2, 3, 4, 3 and 3 months 

respectively. Their weights were 3.2, 3.6, 4.0, 3.6, and 3.4 kg respectively. 

Two-dimensional color Doppler echocardiography demonstrated 

multiple VSDs with evidence of severe PAH. Intraoperatively, pulmonary 

arterial pressure (systolic/diastolic) ranged between 98/32 to 110/36 

mmHg.  

Operative Technique 

We used a transtricuspid approach to close the multiple muscular VSDs 

in these patients. On moderately hypothermic CPB, the heart was arrested 

using St. Thomas based cold blood cardioplegia (Figures 1A-1F). 
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Figures 1A-1F: Surgical photograph of passage of a thick, black braided silk ligature (L) through the additional muscular ventricular septal defect 

(VSD). 

1A- shows the small aorta (AO), distended right ventricle (RV), and tense hypertensive pulmonary artery (PA). 

1B, 1C- the tip of the silk ligature is looped through the additional VSD using a right angle forcep (F). Traction on the silk loop facilitated exposure of 

the margins of the additional VSD. 

1D, 1E- two ventricular septal defects were closed separately using Dacron polyester patches and 5-0 interrupted pledgeted polypropylene sutures. 

1F- shows the repaired additional ventricular septal defect. 

 

A right atriotomy was fashioned and a left ventricular vent (Medtronic 

DLP, Medtronic, Minneapolis, Minn) was inserted through the patent 

foramen ovale or a surgically created atrial septostomy. The larger VSD 

could be easily located via the tricuspid valve. A blunt tip right angled 

forceps was negotiated through the suspected location of the muscular 

VSD’s gently without the use of any force except for the weight of the 

angled clamp. A DeBakey forcep was held in the left ventricle through 

larger inlet muscular VSD or through the atrioseptostomy. The metallic 

sound of the two metal tips touching each other indicated that the right 

angled clamp has negotiated the muscular defect.  

Since the additional muscular VSD was apically located and was covered 

with muscular trabeculae, a No.3 SUTUPAK silk suture (Ivory Braided 

silk, SW 218, Johnson and Johnson Inc, Somerville, NJ) was looped 

through the apical VSD to facilitate exposure. Precautions were taken to 

ensure placement of the tip of the blunt right angled forceps to the margins 

of the VSD while grasping the silk under vision to avoid inadvertent 

injury to the mitral valve.  

Gentle traction of the silk loop in different directions allowed complete 

closure of the VSDs without division of the moderator band or right 

ventricular trabeculae and avoided a left ventriculotomy. 
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Both VSD’s were closed individually using a knitted Dacron polyester 

patch Bard® Savage® filamentous knitted polyester fabric, Bard 

Peripheral Vascular Inc., Tempe, AZ, USA), and multiple interrupted 4-

0 polypropylene pledgeted mattress sutures. Pledgeted sutures were 

strategically placed circumferentially in order to secure the patch and 

prevent diminution of the right ventricular cavity or inflow occlusion 

across the inlet septum. 

The tricuspid valve was checked for functional competence by 

insufflation of saline into the right ventricle. This maneuver is also useful 

for verifying obliteration of any residual defect, by observing the amount 

of saline returning from the left ventricular vent. The atrial septal defect 

was closed. 

Pacing wires were placed and tested regardless of the rhythm. Patients 

were weaned off CPB in the usual manner. After placement of two 

patches, transient period of septal akinesis or dyskinesis was common. 

Following intraoperative transesophageal echocardiography, blood 

samples were taken from the SVC and the pulmonary artery for oxymetry. 

It did not reveal any step-up of oxygen saturation in the pulmonary artery. 

Postoperative management included the use of inodilators and pulmonary 

vasodilators. Postoperative echocardiography revealed normalization of 

pulmonary arterial pressure, intact atrial and ventricular septa without any 

residual shunting. 

There were no early or late deaths on follow-up visit ranging from 18-20 

months. Doppler echocardiography revealed normal biventricular 

function and absence of any residual VSDs with systemic arterial oxygen 

saturation ranging from 96%-99%. 

Discussion 

Optimal management of multiple muscular VSDs remain controversial. 

Myriad of surgical techniques have been described, including initial 

pulmonary artery banding, use of an “oversized pericardial patch” into the 

left or right ventricle after dividing the moderator band, and 

septomarginal trabeculae, use of a composite patch of pericardium and 

Dacron with or without transfixation sutures in the middle of the patch, 

use of biologic glue, the felt sandwich technique, transatrial 

reendocardialization technique, septal obliteration technique, two-patch, 

and right ventricular apex exclusion technique, and a hybrid strategy with 

perventricular device closure. [3-14] 

Although different groups have achieved successful results with 

individual strategies, each technique is associated with important 

limitations, and long-term results of most of these techniques are not 

available.  

The moderator band and multiple trabeculations beneath trabecular VSD 

create a multiperforated wall that hides the trabecular VSD, especially 

those located at the apex. The key to closure of multiple VSDs is accurate 

identification, edge detection, and proper cavitary entry. The presence of 

numerous muscular trabeculations on the right-side of the ventricular 

septum creates uncertainties in defining the true edges of the VSD. 

Division of the moderator band and trabeculae have been performed to 

clearly define the margins of the VSDs. [4,6,7] 

Although the use of an apical left ventriculotomy to improve exposure of 

VSD has facilitated more accurate repair, without late adverse sequelae 

in many series, several investigators have reported late apical aneurysm 

formation, ventricular arrhythmia, left ventricular dysfunction, and 

cardiac transplantation. [1,9-11,14]  

In an effort to improve exposure of the margins of VSD without 

transecting the trabeculae or the moderator band, we railroaded the ductus 

silk suture through the apical VSD which facilitated placement of deep 

pledgeted sutures around margins of the VSD. 

It is true that this technique only works if each secondary VSD has been 

definitely identified by passage of the right angle forceps. However, in 

cases of true “Swiss-cheese VSDs”, it remains difficult to ascertain the 

true margins of all defects located within the right ventricular apex 

through the transtricuspid route, and this technique is indeed useful in 

cases of isolated multiple VSDs. An alternative approach of oversized 

patch technique, septal obliteration/exclusion technique or cardiac 

transplantation may be chosen in cases of severe forms of “Swiss-cheese 

VSDs”. [1,3,4,6,7] 

Conclusions 

Looping and traction of a thick silk suture around the additional muscular 

VSDs may allow optimal visualization of the margins of VSD to facilitate 

placement of sutures without having to resort to division of the trabeculae 

or septal band, thereby avoiding residual defects. 

We submit this technique as a useful addendum in the armamentarium of 

congenital heart surgeons dealing with multiple ventricular septal defects. 
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