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Abstract 

 
Pulmonary artery banding (PA banding), part of a two stage- repair strategy popular in the 
60s and 70s, is now largely reserved for critically ill infants with multiple ventricular septal 
defects (VSDs) or those with associated anomalies such as straddling atrioventricular valves.1 
Because of our limitations for total surgical correction in infants, we had to do PA banding in 
patients with VSD-pulmonary hypertension (PH) or VSD and atrial septal defect (ASD)-PH. 
Consequently, we decided to report our surgical experience during a ten-year period. To 
assess these results, we reviewed our ten-year experience with 108 patients with the diagnosis 
of VSD-PH or VSD - ASD-PH who had undergone PA banding in our institution. Twenty-
three of these patients, however, were excluded from the study because of a lack of 
information and follow-up.  
Based on the age at which PA banding was performed, we divided patients in three groups. In 
the first group, there were 11(13%) patients, on whom PA-banding was performed when they 
were under 6 months of age. There were 38 patients (44.5%) in the second group, who had 
undergone PA banding when they were between 6-12 months of age. And finally, 36 (42.5%) 
patients made up the third group, who had had PA band performed on them when they were 
over one-year old. Effective PA banding was performed in 64% of Group I, 75% of Group II 
and 64% of Group III. 
In this study, we showed that the best time for PA banding in patients with VSD-PH or VSD-
ASD-PH in our institution is between 6-12 months of age, and that age more than one year is 
not an absolute contraindication for PA banding. (Iranian Heart Journal. 2002, 2003; 
3(2&3): 54-58) 
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alliative surgery for left to right shunts 
with congestive heart failure was 

recommended by Muller and Damman in 
1952 and was popular in the 1960s as part 
of a two- stage repair of VSD. Improved 
techniques and operative survival even for 
small infants with definitive repair have 
rendered the two- stage approach for 
simple VSD absolete in most centers.2 
Now pulmonary artery banding is reserved 
for  special  situations,  such  as   rapid 
two-stage   arterial   switch      operations,3 
 

univentricular heart and pulmonary 
nonobstructive blood flow,4 and critically 
ill infants with multiple ventricular septal 
defects.1 
At present, there are ongoing experiments 
on percutaneously adjustable pulmonary 
artery banding,5-7 or dilatable prostheses 
by balloon angioplasty for banding the 
main pulmonary artery.9-10 
This report is a review of our experience in 
PA banding in patients with VDS-PH or 
VSD-ASD-PH during the period 1992-
2001. 

P 
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Material and Methods 
 
The medical records of all patients who 
underwent PA banding for VSD-PH or 
VSD-ASD-PH at our department 
between1992-2001 were reviewed. There 
were 108 patients in the study group, but 
because of a lack of information and 
follow- up, 23 patients were excluded from 
the study. The remaining 85 patients 
included 41(48%) males and 44(52%) 
females. Based on the age of the patients at 
which PA banding was performed, we 
divided the patients into three groups 
(under 6 months, 6-12 months and more 
than 12 months of age). 
Preoperative cardiac catheterization and 
angiocardiography were performed for all 
the patients. We evaluated and compared 
the efficacy of PA banding and mortality 
rate in these groups. There are different 
methods to define an effective and 
tolerable degree of pulmonary artery 
banding intraoperatively and 
postoperatively: 
 
1) Intraoperatively, the systolic blood 

pressure rises. In instances of complex 
mixing, the arterial oxygen saturation 
should be 80% to 85% (pulse 
oximetry). If bradycardia or cyanosis 
develops, the band must be loosened 
slightly. If the narrowing is 
insufficient, as judged by the pressure 
difference across the band (distal 
pulmonary artery pressure should be 
less than 50% of systemic pressure), 
the band is tightened.11-13 
A Simultaneous measurement of the 
pressure above and below the band can 
be accomplished with a commercially 
available double-lumen central venous 
pressure monitoring catheter. This 
catheter is inserted through the outflow 
tract of the right ventricle and 
positioned so that the band will be 
between the two lumens. Gradual 
tightening of the band can be 
accomplished while monitoring the 

pressure proximal and distal to the 
band.14 

2) Epicardial echocardiography can be 
used intraoperatively to assess 
pulmonary artery banding procedures. 
Intraoperative echocardiographic 
estimates of the transband pressure 
gradients (median, 57mmHg; range 52 
to 71mmHg) correlated well with those 
obtained at subsequent transthoracic 
echocardiography (median gradient, 
66mmHg; range 52 to 67mmHg).13, 15 

3) When the band circumference is <90% 
of the standard pulmonary valve ring 
circumference, as calculated with an 
equation derived from normal 
pulmonary valve dimensions, best 
results are obtained.16 

4) We can adjust the pulmonary artery 
banding at surgery by monitoring the 
mitral valve flow velocity, which is 
indirectly indicative of the pulmonary 
flow. The transducer of the Doppler 
echocardiography is placed along the 
left sternal border. The band is 
tightened gradually until the maximum 
velocity of the mitral valve flow 
decreases to around 70% of the 
previous level.17 

In order to evaluate the efficacy of PA 
banding in our study, we had two groups 
of patients. The first group consisted of 
patients that had a second catheterization 
and angiography after PA banding. In 
these patients, if PA pressure (after band) 
was about half systemic, the PA banding 
was effective. The other group of patients 
comprised those for whom a second 
catheterization and angiography was not 
performed after PA banding. In this group, 
based on the clinical findings, the CXR 
pattern and data of transthoracic 
echocardiography, the efficacy of PA 
banding was evaluated. 
 

Results 
 
Of 108 patients who underwent PA 
banding for VSD-PH or VSD-ASD-PH at 

mailto:arabi@rhc.ac.ir


PA Banding in VSD-PH                                                                                                                                 M.Y. Arabi, M.D., et al. 
 

From the Department of Pediatric Cardiology, Shahid Rajai Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran, 
Correspondence to M. Y. Arabi, MD, Shaheed Rajaie Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran 
Email: arabi@rhc.ac.ir                               Fax:+(9821) 2042026 

our department between 1992-2001, there 
were 12 patients for whom PA banding 
was performed when they were below 6 
months of age (Group I). One of them, 
however, was excluded from study. The 
remaining 11 patients were comprised of 4 
(36%) males and 7 (64%) females. Among 
these patients, 2 (18%) deaths were 
reported. Two patients (18%) had non- 
effective PA banding, one of them being 
based on the second catheterization data 
and the other on the clinical findings, CXR 
and echocardiographic data. Seven patients 
(64%) had effective PA banding   (Table 
I), five of them being based on second 
catheterization data and two of them 
clinical findings, CXR and 
echocardiographic data.  
In the second group of patients, on whom 
PA banding was performed when they 
were between 6-12 months of age, there 
were 44 patients. Six patients were 
excluded from the study, and the 
remaining 38 patients were made up of 18 
(47%) males and 20% (53%) females. In 
this group, six (15.5%) deaths were 
reported. Four patients (10.5%) had non-
effective PA banding, two of them being 
based on second catheterization data and 
the other two on the clinical findings, CXR 
and echocardiographic data. Twenty- eight 
(74%) patients had effective PA banding 
(Table I), fifteen of them being based on 
second catheterization data and the 
remaining thirteen on clinical finding, 
CXR and echocardiographic data. 
Of the 52 patients in the third group, 16 
patients were excluded from the study. 
Nineteen (53%) males and 17 (47%) 
females made up this group, among whom 
one (3%) death was reported. Twelve 
(33%) patients had non-effective PA 
banding, 8 of them being based on second 
catheterization data and the other 4 on the 
clinical findings, CXR and 
echocardiographic data. Twenty-three 
(64%) patients had effective PA banding, 
20 of them being based on second 
catheterization data and the other 3 on 

clinical findings, CXR and 
echocardiographic data (Table I). 
Eighty five patients were reviewed in this 
study, 41 (48%) of them males and 44 
(52%) females. Nine (10.5%) deaths, those 
of 6 males and 3 females, were reported. 
In the remaining 76 patients, 18 (21%) 
patients had non-effective PA banding, 11 
of them being based on second 
catheterization data and the other 7 on the 
clinical finding, CXR and 
echocardiographic data. Fifty eight 
(68.5%) patients had effective PA banding, 
40 of them being based on second 
catheterization data and the other 18 on the 
clinical findings, CXR and 
echocardiographic data (Table I). 

 
Table I. 

 
Number 

of 
patients 

Mortality 
rate 

Non 
effective 
PA band 

Effective 
PA band 

Group I 11 2 
(18%) 

2 
(18%) 

7 
(64%) 

Group 
II 38 6 

(16%) 
4 

(10%) 
28 

(74%) 
Group 

III 36 1 
(3%) 

12 
(33%) 

23 
(64%) 

Total 85 9 
(10.5%) 

18 
(21%) 

58 
(68.5%) 

 
Discussion 

 
Among the 85 patients who were reviewed 
in this study, nine (10.5%) deaths were 
reported. Six cases were early or hospital 
mortality, and all of them were below the 
one year age. Therefore, the hospital 
mortality in the first year of life in our 
study is 6/49 (12.5%), which is similar to 
that in the others studies which report 
hospital mortality (16%) in the first year of 
life.11,18 
The mortality rate being 2/11 (18%) in the 
first group ( those under 6 months of age); 
6/38 (15.5%) in the second group ( those of 
6-12 months of age), and 1/36 (3%) in the 
third group (those over 12 months of age),  
we conclude that the mortality rate is 
lower in the third group. Nevertheless, 
since 16 patients of this group were 
excluded from the study as a result of the 
absence of a follow- up, it is difficult to 

mailto:arabi@rhc.ac.ir


PA Banding in VSD-PH                                                                                                                                 M.Y. Arabi, M.D., et al. 
 

From the Department of Pediatric Cardiology, Shahid Rajai Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran, 
Correspondence to M. Y. Arabi, MD, Shaheed Rajaie Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran 
Email: arabi@rhc.ac.ir                               Fax:+(9821) 2042026 

accept this conclusion. But we can 
definitely say that the hospital mortality 
rate in the third group is lower than that in 
the others groups. 
The rate of non-effective PA banding in 
our study is 18/85 (21%), which is similar to 
that in the reports in the literature. 18 
PA banding was non-effective in 18% in 
the first group; 10.5% in the second group, 
and 33% in the third group. Therefore, 
non-effective PA band is lower in the 
second group. Other studies have also 
shown that non-effective PA banding is 
more common if banding is necessary 
before 3 months of age.18 
Effective PA banding was 64% in the first 
group; 74% in the second group, and 64% 
in the third group; consequently, the best 
results were in the second group of the 
patients. 
In this study, we have shown that the 
efficacy of PA banding is higher in 
patients between 6-12 months of age than 
that in others. Although the hospital 
mortality rate is lower in patients over one 
year of age, many patients in this group 
were excluded from the study. On the 
other hand, the rate of non-effective PA 
banding in this group is higher than that in 
the other groups. 
Another interesting result in our study is 
that PA banding was effective in 23/36 
(64%) in the third group, so age more than 
one year is not an absolute 
contraindication for PA banding. 
 

References 
 

1. Nancy L. Mcdaniel, Howard P. Gutgesell. 
Ventricular septal defects. In: Moss and 
Adams. Heart disease in infants, children and 
adolescents. Sixth ed. Williams and wilkins., 
2001; P 648. 

 
2. Carl H. Gumbiner, A Takao. Ventricular septal 

defect. In: The science and pratice of pediatric 
cardiology. Second ed. Williams and Wilkins., 
1998; P 1133. 

 
3. C Boutin, G Wernovsky, SP Sanders, et al: 

Rapid two-stage arterial switch operation. 
Circulation 1994; 90:1294-1303. 

4. Sharma R. Surgical therapy for the 
univentricular heart. Indian J Pediatr 2000 
Mar; 67 (3 suppl): S 37-40. 

 
5. Ahmadi A, Rein J, Hellberg K, Bastanier C. 

Percutaneously adjustable pulmonary artery 
band. Ann Thorac Surg 1995 Dec; 60 (6 
suppl): S 520-2. 

 
6. Higashidate M, Beppu T, Imai Y, Kurosawa H. 

Percutaneously adjustable pulmonary artery 
band. An experimental study. J thorac 
cardiovasc Surg 1989 Jun; 97 (6): 864-9. 

 
7. Schlensak C, Sarai K, Gildein HP, Beyersdorf 

F. Pulmonary artery banding with a novel 
percutaneously, bidirectionally adjustable 
device. Eur J cardiothorac Surg 1997 Dec; 
12(6): 931-3. 

 
8. Mizuhara H, Yokota M, Kyoku I, et al: 

Clinical experience of adjustable pulmonary 
artery banding. Kyobu Geka 1990 Nov; 
43(12): 962-6. 

 
9. Vince DJ, Culham JA. A prosthesis for 

banding the main pulmonary artery, capable of 
serial dilatation by balloon angioplasty. J 
Thorac Cardiovasc Surg 1989 Mar; 97 (3): 
421-7. 

 
10. Vince DJ, Leblanc JG, Culham JA, Taylor GP. 

Dilatable prosthesis for banding the main 
pulmonary artery: Human clinical trials. Int J 
Card Imaging 1996 Sep; 12(3): 205-12. 

 
11. John W. Kirklin, Brain G, Barratt-Boyes. 

Ventricular septal defects. In: Cardiac surgery. 
Second ed. Churchill livingstone Inc., 1993; P 
787-8, 803. 

 
12. Bonnet D, Patkai J, Tamisier D, et al: A new 

strategy for the surgical treatment of aortic 
coarctation associated with ventricular septal 
defect in infants using an absorbable 
pulmonary artery band. J Am Coll Cardiol 
1999 sep; 34(3): 866-70. 

 
13. Sreeram N, Jagtap R, Silove ED, et al: 

Intraoperative epicardial echocardiography in 
assessing pulmonary artery banding 
procedures. Ann Thorac surg 1995 Dec; 60(6): 
1778-82. 

 
14. Phillips SJ, Gay J, chandramouli B, et al: Use 

of a double-lumen Pressure monitoring 
catheter to facilitate pulmonary artery banding. 
Ann thorac surg 1989 Jul; 48 (1): 129. 

mailto:arabi@rhc.ac.ir


PA Banding in VSD-PH                                                                                                                                 M.Y. Arabi, M.D., et al. 
 

From the Department of Pediatric Cardiology, Shahid Rajai Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran, 
Correspondence to M. Y. Arabi, MD, Shaheed Rajaie Cardiovascular Medical Center, Mellat Park, Vali Asr Avenue, Tehran, Iran 
Email: arabi@rhc.ac.ir                               Fax:+(9821) 2042026 

15. Sutherland GR, Van Daele ME, Quaegebeur J. 
Intraoperative ultrasound monitoring of 
banding of the pulmonary trunk: a new 
technique? Int J Cardiol 1989 Mar; 22(3) 395-
8. 

 
16. Kawahira Y, Kishimoto H, Kawata H, et al: 

Optimal degree of pulmonary artery banding-
adequate circumference ratio to calculated 
from normal pulmonary valve dimensions. Am 
J Cardiol 1995 Nov 1; 76(12): 979-82. 

 

17. Watanabe H, Miyamura H, Sugawara M, et al: 
A new operative technique for pulmonary 
artery banding: Adjustment of pulmonary 
artery bands by mitral valve flow velocity. 
Kyobu Geka 1994 Oct; 47(11): 869-71. 

 
18. Pinho P, Von Oppell UO, Brink J, Hewitson J. 

Pulmonary artery banding: adequacy and long-
term outcome. Eur J Cardiothorac Surg 1997 
Jan; 11(1): 105-11. 

 
 
 

 

mailto:arabi@rhc.ac.ir

