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I. Subarterial 

        (10%) 
   Outlet, conal, supracristal,  

    doubly committed 

II. Perimembranous 

(80%) 
    Outlet, trabecular, inlet* 

 

III. *AV canal type 

          (<5%) 

       Inlet 

IV. Muscular 

     (5-10%) 
     Outlet, trabecular, inlet 

 

Classification (by Kirklin) 



Associated Lesions 

 Patent ductus arteriosus = 6% 

Coarctation = 5-10% 

 Aortic stenosis = 2-3% 

 Subvalvular / valvular AS 

 etc. 



Surgical Closure of VSD 

 - Standard Method of Treatment 

1954 

Dr. Lillehei (University of Minnesota) 

Using controlled cross-circulation 

with another person serving as 

pump and oxygenator 

 



Perimembranous VSD: 

Indications For Closure 

 ANY large VSD ⟹ early operation:  <6m  ⟹  <3m 

 Moderate sized VSD (Qp/Qs > 1.5:1) 

- Asymptomatic: elective closure until 3~5y 

- Symptomatic, heart failure, ↑PA pressure: early closure 

 Small VSD, if history of infective endocarditis 

 ANY aortic regurgitation / prolapse 



Technical Considerations 

 PDA present - ligate prior to CPB 

 Close defect with patch 

 Avoid conduction bundles 

 Protect the aortic and tricuspid 

valves 

 Avoid ventriculotomy whenever 
possible 



Closure of Perimembranous VSD 



Interrupted Suturing Technique 



Continuous Suturing Technique 



Treatment of Choice in the Current Era 

 Surgical repair under cardiopulmonary bypass 

 Transcatheter occlusion 

- Percutaneous 

- Per-ventricular (trans-thoracic, hybrid) 



Transcatheter VSD Occlusion 

 Started in late 1980s 

 Muscular VSDs, especially apical VSD 

- Sufficient margin, away from important structure 

- Surgical difficulty, avoid ventriculotomy, avoid CPB 

 Undiagnosed VSDs after surgical repair of a large defect 

 Surgically fenestrated VSD 

 



Perimembranous VSD Occlusion 



Perimembranous VSD Occlusion: 

Limitations & Complications 

 Technically challenging in the young, large VSDs, and 
complicated anatomies 

 Complications 

- Significant residual shunts 

- Complete heart block 

- New‐onset valvular regurgitation 

- Device malposition, migration, embolization 

- LVOT gradient 

- Vascular complications, hemothorax 

- Need for early / urgent surgery 

 



Complete Heart Block 





Conduction System 

Membranous Septum 

A-V node Bundle of His 



Conduction System vs VSDs 



Controversies - Device Occlusion 

Unacceptable high rate of complete heart block (especially in large 
defect or inlet VSD) 

- Average rate 5% 

- Intraop, postop, late-onset 

X Older age 

- Percutaneous >2~3y, perventricular >3mo 

X Large unrestrictive VSD 

X With aortic valve regurgitation / prolapse 

X With major concomitant lesions 

? Ambiguous indication for VSD closure 



Perimembranous VSD: 

Roles of Surgical Repair 

 Large VSD in infancy 

- Heart failure 

- Failure to growth 

- Pulmonary hypertension 

➠ Need to be closed early 



Perimembranous VSD: 

Roles of Surgical Repair 

 Protect the important surrounding structures 

- Conduction axis 

- Aortic valve 

- Tricuspid valve 



Large Perimembranous VSD: 
Close Relationship to the Valves 

View from RV View from LV 



VSD with aortic prolapse / regurgitation 



Surgical Techniques to Avoid Conduction Injury 

 Suture along RV side of septum 

 Avoid posteroinferior rim of defect 

- Placing sutures a few mm from 

posteroinferior rim, and not penetrating 

the septum 

 Inlet VSD 

- Conduction tissue runs along anterior or 

superior border of the defect 



Malalignment VSD 

Deviation of the outlet septum 

in relation to its adjoining inlet 

and trabecular parts 

 Anterior deviation ⇒ TOF 

 Posterior deviation ⇒ IAA / 

CoA-VSD 

 Rotational ⇒ Taussig-Bing 



LV to RA Shunt 



Surgical Results The Children’s Memorial Hospital  

 Mavroudis C, et al. Pediatric cardiac Surgery 2013; 311-41 

 358 infants and children 



Surgical Mortality: International Databases 

EACTS Database 
(2010 – 2013) 

VSD patch repair (n=10,916): 

30-day mortality 0.63% 

- Neonates (n=141): 2.86% 

- Infants (n=6,441): 0.70% 

- Children (n=3,866): 0.47% 

- Adults (n=468): 0.43% 

Multiple VSDs repair (n=271): 

mortality 1.51% 

STS Database 
(Jul 2009 – Jun 2013) 

VSD patch repair (n=6,666): 

discharge mortality 0.7% 

- Neonatal VSD patch repair 

(n=146): 6.2% 

- Neonatal CoA+VSD repair 

(n=396): 5.3% 

 



Surgical Results: Excellent 

 The younger the age at repair, the better the chance of 
normal PVR post-operatively 

 Overall mortality <1% 

- Early mortality approach to zero in experienced centres 

- Multiple VSD’s, associated anomalies ~ ↑mortality 

 Complete heart block ~ 1% 

 Residual shunts requiring reoperation < 1-2% 



Perimembranous VSD: 
When Do We Ask For A Surgical Closure? 

 Surgery remains the mainstay treatment for all  
hemodynamically significant VSDs 

 Surgical closure: 

- Young age (exp. <3mo) 

- Larger unrestrictive VSD 

- Malalignment VSD 

- With aortic valve regurgitation / prolapse 

- With major concomitant lesions 

 Transcatheter closure: gaining increasing acceptance, but 
require careful patient selection and follow-up 

SUMMARY 


