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INTRODUCTION
A ventricular septal deformity (VSD) is characterized 

as an opening or hole in the interventricular septum. 
Separated VSD happens in roughly 2 out of each 1000 
live births and constitutes more than 20% of all con-
genital heart sickness. In the light of this fact, separated 
VSD may be the most common type of inherent cardiac 
illness1,2.

The lion’s share of ventricular septal deformities 
(VSD) can be effectively managed utilizing a transatrial 
approach working over the tricuspid valve3. In few pa-
tients chordal connections of the tricuspid valve cloud 
the edges of the deformity. In these patients, situation 
of sutures might be difficult bringing about contortion 
of the tricuspid valve resulting in tricuspid regurgita-

tion (TR), remaining VSD and heart block. Separation of 
the septal leafet of the tricuspid valve from the annulus 
to enhance perception of VSDs was at first depicted by 
Hudspeth and partners in 19623,4. There has been worry 
that unit of the tricuspid valve leaflet may weaken, in-
creased bypass time and the occurrence of postopera-
tive heart block. A few reports, be that as it may, have 
proposed that tricuspid valve detachment (TVD) is a 
sheltered method to enhance presentation for conclu-
sion of VSDs3-5. Certain configurations of VSD’s restrict 
tranatrial approach because such approach in terms of 
better exposure at septal perimembranous level; may 
result in residual defects and valvular damage due to 
retractors translating into tricuspid regurgitations. Since 
proposal by Hudspath and colleagues3, the method of 
tricuspid valve detachment hadn’t get wide spread ac-
ceptability. This is further attributed to the fear of dam-
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ABSTRACT
Objective: To compare outcomes of peri-membranous ventricular septal de-
fects (VSD) closure with and without tricuspid valve detachment (TVD) in terms 
of residual VSD’s, postoperative heart blocks, tricuspid regurgitation and oper-
ative time.

Methodology: This retrospective study was conducted in Department of Pe-
diatric Cardiac Surgery, Chaudhry Pervaiz Elahi Institute of Cardiology, Multan 
from January 2009 to June 2015. There were 32 patients in tricuspid detach-
ment (TVD) group and 204 in non-TVD group. The study endpoints were any 
incidence of postoperative residual VSD, heart block or tricuspid regurgitation. 
Fischer’s exact test was used to compare study endpoints.

Results: In TVD group 18 (56.3%) were male and in non-TVD group 141 (68.1%) 
were male. Mean age in the TVD group was 13.38 ±6.91 years. While in non- 
TVD group it was 11.34 ±6.06 years. Mean cross clamp time was 67.91 ±27.3 
minutes and mean bypass time was 98.13 ±32.5 minutes in TVD group. In non- 
TVD group mean cross clamp time was 58.63 ±24.46 minutes and bypass time 
was 93.40 ±30.11 minutes (p values were 0.07 and 0.44 respectively). Only 1 
(3.1%) case was noted in TVD group with moderate tricuspid regurgitation and 
4 (2.0%) cases were noted in non-TVD group. One (3.1%) case was noted with 
residual VSD in TVD group while 7 (3.4%) were noted in non-TVD group.

Conclusion: In our study difference in outcomes did not come up to a statically 
significant difference but it showed low incidence of tricuspid regurgitation and 
residual VSD in TVD group.
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regurgitation

1-2 Department of Paediatric 
Cardiac Surgery, Chaudhry 
Pervaiz Elaihi Institute of Car-
diology, Multan - Pakistan.
3 Clinical Perfusionist, 
Chaudhry Pervaiz Elaihi Insti-
tute of Cardiology, Multan - 
Pakistan.
Address for Correspondence:
Dr. Muhammad Usman Riaz 
Senior Registrar, 
Paediatrics Cardiac Surgery, 
Chaudhry Pervaiz Elaihi Insti-
tute of Cardiology, Multan - 
Pakistan.
Email: usman1i@yahoo.com
Date Received:  
July 26, 2016
Date Revised:  
May 24, 2017
Date Accepted:  
June 02, 2017



JPMI VOL. 31 NO. 3 248

COMPARISON OF POSTOPERATIVE OUTCOMES IN PATIENTS UNDERGOING VENTRICULAR SEPTAL DEFECT REPAIRS...

aging the valvular apparatus and the conduction sys-
tem. Regardless of these reports, TVD has not picked 
up acknowledgment as a valuable and safe method. In 
our setup we have recently started peri-membranous 
ventricular septal defects (VSD) closure with tricuspid 
valve detachment. The present study was embraced to 
compare the outcomes of peri-membranous ventricular 
septal defects (VSD) closure with and without tricus-
pid valve detachment (TVD) in terms of residual VSD’s, 
postoperative heart blocks, tricuspid regurgitation and 
operative time.

METHODOLOGY
This retrospective study was conducted in Depart-

ment of Pediatric Cardiac Surgery, Chaudhry Pervaiz 
Elaihi Institute of Cardiology. After approval of study 
from local ethics committee, data base of cardiac sur-
gery department was searched for closure of perimem-
branous VSD between January 2008–June 2015. All 
cases who underwent closure of peri-membranous ven-
tricular septal defect (VSD) with and without tricuspid 
valve detachment of any age group and gender were 
included in this study. Patients with peri-membranous 
VSD associated with other cardiac anomalies like tetral-
ogy of fallot, atrial septal defects and transposition of 
great vessels were excluded. Patients were divided in 2 
groups; Group 1 in whom tricuspid valve was detached 
along with VSD closure and group 2 in whom tricuspid 
valve was not detached and only VSD closure was done. 
There were 32 patients in tricuspid detachment (TVD) 
group and 204 in non-TVD group.

All procedures were performed by 2 cardiac surgeons 
(one was of associate professor rank while other was of 
assistant professor rank). Peri-membranous VSDs were 
subjected to closure through opening in right atrium. 
Dacron patch was used to close VSD after retracting by 
retractors or detaching septal leaflet of tricuspid valve.
Tricuspid valve detachment (TVD) by separating the 
septal leaflet and sometimes anterior leaflet of tricus-
pid valve from the annulus by giving an incision just at 
their confluence to have better view of VSD. Detached 
leaflet was resutured by using interrupted prolene 6/0 

(ethicon) stitches.

The study endpoints were any incidence of postop-
erative residual VSD, heart block or tricuspid regurgita-
tion. Residual VSD was confirmed by flow across applied 
Dacron patch on applying color Doppler modality on 
echocardiography. Complete Heart block either tempo-
rary or permanent was diagnosed by random P waves 
and QRS complexes on electrocardiography. Tricuspid 
regurgitation was labeled if there was reflux of blood 
from right ventricle to right atrium using color Doppler 
on echocardiography. It was graded as; no, trivial, mild, 
moderate and severe depending upon the severity of 
regurgitation. 

The collected information was entered and analyzed 
through SPSS version 23. Descriptive statistics were used 
to analyze the data. The quantitative variables like age, 
cross clamp time, bypass time were expressed by taking 
mean±standard deviation and compared by using inde-
pendent sample t-test. Gender and study endpoints e.g. 
residual VSD, heart blocks and tricuspid regurgitation in 
both groups were compared by chi-square test or Fish-
er’s exact test. P value equal or less than 0.05 (P≤0.05) 
was taken to be significant.

RESULTS
Analysis of our record generated 236 cases which 

were operated for VSD during the period included in 
study. 32 patients were operated with tricuspid valve 
detachment, while 204 were operated without tricuspid 
valve detachment. In TVD group 18 were male (56.3%) 
and in non-TVD group 142 (70.0%) were male. There 
was no significant difference in mean cross clamp time 
and bypass time between the groups (table 1). There 
was no case of severe tricuspid regurgitation in either 
group. Only 1(3.1%) case was noted in TVD group with 
moderate tricuspid regurgitation and 4 (2.0%) cases 
were noted in non-TVD group. No incidence of perma-
nent or temporary heart block was observed in either 
group. Only 1 (3.1%) case of residual VSD was noted in 
TVD group while 7 cases (3.4%) in non-TVD, (p value 
1.0) [Table 2].

Table 1: Comparison of baseline and operative characteristics between the groups

Variable TVD 
Group 1

Non-TVD
Group 2 P-value

Age (Y) 13.38±6.9 11.34±6.06 0.12

Male Gender 18 (56.3%) 142 (70.0%) 0.28

Cross-clamp time (min.) 67.91±27.3 58.63±24.46 0.07

Bypass time (min.) 98.13±32.59 93.40±30.11 0.44
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DISCUSSION
In this study we reported the outcomes of peri-mem-

branous ventricular septal defects (VSD) closure with 
and without tricuspid valve detachment. We found that 
there was no significant difference regarding outcomes 
of the surgery in patients in whom tricuspid valve de-
tachment was done as compared to the patients with-
out tri-cuspid valve detachment. Freckner et al4 applied 
this method in 27 patients. They did not reported any 
complication in these patients. By 1990’s this method 
started to gain acceptance as more and more research-
ers showed its efficacy in managing difficult VSD’s. 
Maile et al5 used this technique in 67% of cased and 
reported no significant postoperative problems. In our 
study we used it in 13.55 % of cases.

Mean age in our study was 13.38 ±6.9 years for 
the TVD group and 11.34 ±6.06 years for the non TVD 
group. These figures are different from other studies 
where majority of operations are performed on children 
younger than 1 year of age. More and more applicability 
of the technique is being explored and Bang et al6 even 
used in patients younger than 3 months of age. Zhao 
et al7 in there study showed mean age to be 4.7 years. 
Mean cross clamp time and by-pass time was slightly 
longer in TVD group than non TVD group. But it was not 
statistically significant as shown by p value. This finding 
was also noted by Zhao et al7. It was contrary to believe 
that tricuspid valve detachment leads to a significant 
prolongation of operative time as shown by Bang et al6 
in their study. They showed a significant prolongation 
of operative time in infants less than 3 months of age.

After tricuspid valve detachment main concern is tri-
cuspid regurgitation afterwards in the long run. Gaynor 
and colleagues8 reported no patient more than mild 
tricuspid regurgitation in TVD group while 6 (4.4%) pa-
tients in there non-TVD group has more than mild re-
gurgitation. In our study, 1 patient has moderate TR in 
TVD group and 4 patients had moderate TR in non TVD 
group. This finding was statistically insignificant. Sasson 
et al9 defined the criteria which can be used in deciding 
whether to go for TVD or not. They included cases in 

which VSD margins were obscured by tricuspid leaflet, 
studded with chordal straddling or forming an aneu-
rysmal tissue. Such abnormalities on TVD and repairing 
afterwards tend to correct itself. This might explain low 
incidence of TR as shown by them in their study. 

Second concern after TVD is occurrence of post-op-
erative complete heart block. Reason for it is as con-
duction bundle is lying in vicinity of tricuspid valve and 
there are chances of entrapping it during repair of tri-
cuspid leaflet. None of the patients in our study devel-
oped complete or temporary heart block. Anderson and 
colleagues10 studied 2,079 patients who underwent VSD 
closure either alone or in association with other heart 
abnormalities. Of them 996 were operated only for 
VSD’s with 7(0.7%) patients developed complete heart 
block (CHB). Tucker et al11 reported incidence of 1.1% 
and concluded Down’s syndrome to be one of the most 
common association with CHB.

We have used interrupted sutures to attach de-
tached tricuspid leaflet to the annulus when patient is 
still under cardiac arrest. Accurate placement being de-
sired probably resulted in prolonger cross clamp and 
bypass time. Some surgeons use running sutures to at-
tach leaflet to annulus. Our concern was that employing 
this technique may result in purse string effect resulting 
in distorted tricuspid valve. This finding was advocated 
by Tatebe and colleagues12 in small children and infants 
with Down’s syndrome.

We have used circumferential incisions to detach 
tricuspid valve from annulus. Russel et al13 employed a 
different method in 236 patients by employing a radial 
incision in dividing tricuspid leaflet. They used an inci-
sion on the septal leaflet near anteroseptal commissure 
dividing tricuspid leaflet between attachments of chor-
dae. Study was conducted over a period of 15 years. 
They also reported it to be a reliable and safe technique 
that allows complete closure of VSD without any sig-
nificant increase in any of the complication described 
above. They have recommended circumferential tech-
nique in cases where there is excessive tricuspid valvu-
lar attachments with the crest of VSD because anato-
my here renders radial technique bit unsafe. Kapoor et 

Table 2: Comparison of study endpoints

Variable TVD 
Group 1

Non-TVD
Group 2 P-value

Residual VSD 1 (3.1%) 7 (3.4%) 1.0
Tricuspid Regurgitation

Trivial TR 3 (9.4%) 22 (10.8%)

0.86
Mild TR 2 (6.3%) 19 (9.3%)

Moderate TR 1 (3.1%) 4 (2.0%)
No TR 26 (81.3%) 159 (77.9%)



JPMI VOL. 31 NO. 3 250

COMPARISON OF POSTOPERATIVE OUTCOMES IN PATIENTS UNDERGOING VENTRICULAR SEPTAL DEFECT REPAIRS...

al14 described a technique in which the chordae arising 
from the annulus of VSD were detached. VSD is repaired 
and chordae were attached with a pledget to their na-
tive place. Our consciousness alarm us of immediate 
development of tricuspid insufficiency in cases of avul-
sion of that pledgeted stitch. So we don’t recommend 
such technique. Bol-Raap and colleagues15 from Neth-
erlands also employed the technique in 39 out of total 
149 patients and they found that there is no incidence 
of tricuspid regurgitation after detachment. However, 
they found a relatively higher incidence of trivial residu-
al VSD in patients where detachment of leaflet was not 
employed. They also noted a higher cross clamp time in 
tricuspid detachment group.

LIMITATIONS
Main limitation of our study was that it was done on 

older children as compared to most of the centers where 
surgery is being done at a comparatively younger age 
group. Secondly decision to divide leaflet was wholly on 
surgeon discretion rather than certain set measureable 
criteria. Thirdly, it was a retrospective study and proper 
randomization protocols and assessment could not be 
employed. Fourthly, follow-up echocardiography was 
not performed by a single cardiologist. So element of 
operator to operator variability could not be ruled out. 

CONCLUSION
In our study difference in outcomes did not come up 

to a statically significant difference but it showed low 
incidence of tricuspid regurgitation and residual VSD in 
TVD group. In our opinion tricuspid valve detachment in 
difficult cases of limited exposure to VSD is an effective 
technique. It not only eases exposure to the operating 
surgeon which interim results in better postoperative 
outcome. Increased cross clamp time can be weighed 
against better post-operative results.
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