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BACKGROUND

Pulmonary regurgitation (PR) is an integral downside of  
intracardiac repair in tetralogy of  Fallot (TOF) requiring a 
transannular patch.[1] Free PR that arises due to transannular 
patch for reconstruction of  right ventricular outflow tract 
has detrimental perioperative and long‑term results. During 
early postoperative period, severe PR causes low cardiac 
output.[2] While, if  PR persists for long‑term it can cause 

right ventricle dysfunction and subsequently pulmonary valve 
replacement.[3] Various techniques and material were used 
by surgeons over years to control appearance of  free PR 
during index operation.[4] Traditionally, untreated autologous 
pericardium was utilized with not very encouraging early 
and midterm results.[5] They were considered to disappear 
by resorption and retraction and soon were replaced by 
glutaraldehyde treated autologous pericardium at pulmonary 
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ABSTRACT
Background: Pulmonary regurgitation is imminent after transannular patch (TAP). We analyze the long‑term performance of untreated 
autologous pericardium (UAP) as valve substitute at pulmonary position in patients requiring TAP. 

Material and Methods: This cross‑sectional study include patients operated between 2007 and 2012 (n = 92). A sample of 19 patients 
was selected for this study which had a follow‑up of more than 3 years. This includes patients with no TAP (n = 4) and with TAP and valve 
substitute, a monocusp (n = 11) or a tricuspid valve (n = 4) at neopulmonary annulus. Patients underwent echocardiography for assessment of 
right ventricle function and 18 fluoro‑deoxyglucose PET CT scan for measurements of valve substitute at neopulmonary annulus. The target to 
blood ratio (TBR) of uptake of glucose by monocusp was measured at the cooptation edge of the neopulmonary valve. 

Results: The median age of the patients is 14 (9 – 37). RV function is preserved (TAPSE 18.9 (10.6 – 22.8)) at a mean follow‑up of 4 years (3‑9). 
The measurements of monocusp shows a shrinkage in height of the cusp by 35.5% (70% – 1.0%) and length by 7% (‑44% ‑ +104%). There was 
less shrinkage observed in patients below 15 years of age. The TBR of monocusp was 0.945 (0.17 – 3.35) with a strong correlation between 
the TBR values of aortic valve leaflet and monocusp leaflet of same patient. 

Conclusion: The UAP is functional and successful as a valve substitute at neo pulmonary annulus at long‑term follow‑up. It has resisted 
calcification and has shown uptake of glucose in physiological limits.
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were evaluated for right ventricular function, degree of  PR 
and gradient across the right ventricular outflow tract using 
Philips HD echocardiography machine and a 3.2‑MHz 
transducer (Philips Medical Systems, Andover, MA).

Assessment of right ventricular function
It was done using Myocardial Performance Index (MPI), 
Tricuspid Annular Plane Systolic Excursion (TAPSE). 
A value of  MPI of  0.40 and TAPSE of  <14 mm was 
considered as severe right ventricular dysfunction.[11,12]

Assessment of Pulmonary regurgitation and gradient 
across RVOT
PR was assessed by pulmonary end diastolic velocity and 
labelled as severe when it reached zero. If  not severe, the PR 
was labelled as hemodynamically significant if  its duration 
was less than 70% of  diastolic duration.[13] Assessment 
of  gradient across RVOT was done on continuous wave 
doppler by assessment of  velocity across it.

Assessment for dimensions of the FAP used in creation 
of competent pulmonary valve
A contrast cardiac PET CT scan study was performed 
in all the patients to study the anatomy of  the untreated 
autologous pericardium (UAP) at the follow‑up. All 
the patients were kept fasting overnight and were 
injected 18‑Fluoro Deoxy Glucose 45 minutes before 
commencement of  the study. A 64 slice CT scanner was 
used for the purpose (Biograph by Siemens, Munich, 
Germany). A prospective electrocardiogram gated scan was 
performed with 0.9 mm thickness with controlled heart 
rate of  <70 beats/minute. The trigger was kept in right 
ventricle and area of  interest for study was right ventricle, 
RVOT and pulmonary valve with main pulmonary artery. 
The anatomy was evaluated on CT images. A non‑ionic 
contrast (Visipaque) was used for this study. Since 
majority of  patients (n = 11) has a monocusp of  UAP, the 
anterior leaflet (cusp) of  pulmonary valve was evaluated 
in all the patients to have uniformity in comparison. The 
assessment was done for height (coaptation surface), 
width (circumference of  the cusp along the annulus) and 
thickness of  the anterior cusp of  neo pulmonary valve.

Assessment of uptake of 18 Fluoro Deoxy Glucose 
(18‑FDG) by valves
Following completion of  the CT scan protocol, the patients 
were scanned for positron emission tomography (PET) in 
the same position for next 45 minutes. The overlapping of  
the two images was done to create the data for assessment 
of  18‑FDG uptake by the native aortic valve, native 
pulmonary valve (in 11 cases of  monocusp of  UAP where 
the native pulmonary valves were retained during total 

position as monocusp valve for right ventricular outflow 
tract (RVOT) reconstruction with good midterm results.[6] 
Some groups started using poly tetra fluoro ethylene (PTFE) 
membrane for reconstruction of  pulmonary valve and have 
shown acceptable midterm results.[7] Apart from techniques 
of  creating a monocusp, bicuspid or a tricuspid valve at 
pulmonary position some groups perform aggressive 
debulking and release of  native pulmonary valve and annulus 
with acceptance of  a small z value to contain the PR after 
RVOT reconstruction.[8] In addition to this knowledge, we 
have been using untreated fresh autologous pericardium 
for reconstruction of  pulmonary valve in subset of  TOF 
requiring trans annular patch for a decade now. We analyze 
the hemodynamic and physiologic performance of  untreated 
pericardium used as a valve in long‑term.

MATERIAL AND METHODS

This is a cross sectional study performed at a single center. 
Between January 2007 and December 2012, 92 patients 
of  tetralogy of  Fallot were operated in the unit. Of  these 
72 patients required trans annular patch for complete 
intracardiac repair of  the TOF. All the patients requiring 
a TAP, received some kind of  procedure for creation 
of  a competent pulmonary valve (valve substitute). The 
procedure to achieve a competent valve was performed 
at newly created pulmonary annulus after the use of  trans 
annular patch. It was either a monocusp (n = 61) created on 
the TAP anteriorly or a tricuspid pulmonary valve (n = 11) 
after complete excision of  the native pulmonary valve.[9,10] 
The material used for creating a competent pulmonary valve 
in both these techniques was untreated fresh autologous 
pericardium. This study was approved by the research and 
ethics committee of  the institute. Funds were granted to 
include up to 20% of  cases for this study. The inclusion 
criteria were, patient with more than 3 years of  follow‑up, in 
normal sinus rhythm and absence of  allergy to iodine‑based 
dye. Patients who came for follow‑up were offered the chance 
to participate in the study and it was closed when desired 
numbers were reached. Those patients were excluded who 
did not consent and presented with rhythm abnormalities. 
Finally, 19 patients participated in the study. Fifteen patients 
required a transannular patch during operation and of  these 
11 received a monocusp valve and 4 received a tricuspid 
valve at pulmonary position. Four patients did not require a 
TAP and thus their pulmonary valve was not violated. The 
patients were grouped into 2 categories. Group 1 (n = 4), 
included patients with normal pulmonary valve and no 
TAP while group 2 (n = 15) has patients with TAP and 
either a monocusp or a tricuspid valve. The clinical data was 
collected through an interview and operative details were 
accessed through hospital information system. The patients 
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correction, these are located posteriorly on the pulmonary 
annulus). The standard uptake value (SUV) of  8 mm 
circle was calculated at the valve leaflet near their coapting 
edges. This was done to remove any overlap that may have 
occurred due to uptake by the wall of  great arteries. The 
calculation for UAP was done in the anterior leaflet of  the 
neo pulmonary valve. The target blood ratio (TBR, was 
calculated as a ratio of  SUV of  the target tissue and the 
SUV of  the blood pool) from attenuation corrected images 
was achieved and is used in statistical analysis as uptake of  
glucose by the valve leaflet tissue.

Statistics
The data is presented in median (minimum – maximum). 
The comparison between different style of  neo pulmonary 
valve is done using non‑parametric test, Mann Whitney U 
test. Pearson correlation is calculated between different 
variables. SPSS version 17 for windows is used for statistical 
analysis.

RESULTS

The median age of  the patients is 14 years (9 – 37) and 
there are 16 males and 3 females in this study. The complete 
data of  19 patients for echocardiography is presented in 
Table 1, for measurements of  monocusp, based on CT 
scan, in Table 2 and glucose uptake in Table 3. While 
comparing group 1 and 2, there was no difference in the 
age of  the patients (13 years (9 – 17) vs 16 years (10 – 37), 
P = 0.73) or their distribution based on sex (3 males and 
1 female vs 13 males and 2 females, P = 0.26). The right 
ventricular function was similar in two groups, TAPSE in 
mm of  16.9 (13.9 – 19.4) in group 1 vs 19 (10.6 – 22.8) 
in group 2 P = 0.53 and MPI of  0.28 (0.05 – 0.56) in 

group 1 vs 0.09 (0.01 – 0.41) in group 2 P = 0.50. The 
comparison of  the function of  preserved native pulmonary 
in group 1 and the reconstructed pulmonary valve in 
group 2 is presented in Table 4. The uptake of  glucose by 
monocusp, native pulmonary valve leaflet and aortic valve 
leaflet is displayed in Figure 1. The measurements and 
appearance of  monocusp in CT scan obtained image is 
presented in Figure 2. There was no evidence of  calcium 
deposition in any scan. Figure 3, displays the PET CT 
attenuation corrected image of  the same patient. The TBR 
of  glucose uptake was 0.945 (0.17 – 3.35) for monocusp, 
0.805 (0.14 ‑0.328) for native pulmonary leaflet and 
1.05 (0.21 – 3.71) for aortic valve leaflet. There is a strong 
correlation between TBR of  monocusp and the period 
of  follow‑up (r = 0.601, P = 0.01). There is also a strong 
positive correlation between the TBR of  monocusp and 
aortic valve leaflet (r = 0.956, P = 0.001) and monocusp and 
native pulmonary valve leaflet (0.958, P = 0.001). There was 
change in the size of  pericardium at the follow‑up. In all 
15 patients in which UAP was used to create a pulmonary 
valve there was change in the size of  the pericardium used 
to create anterior cusp. The change is shrinkage in height by 
35.5% (70 – 1.0) and width by 7% (‑44% ‑ +104%) from 
its initial dimensions. When the size of  the pericardium 
measured at follow‑up is compared to its size at the 
time of  implantation, there is a significant shrinkage 
in height (25 mm (12 – 30) at the time of  implantation 
vs 13.5 mm (8.9 – 19.4) at the time of  follow‑up, 
P = 0.007). While the length of  the pericardium slightly 
decreased though not significantly (25 mm (4.71 – 30) 
vs 23.4 (4.9 – 40.9), P = 0.91). The change in size of  the 
pericardium used for monocusp was relatively less in 
patients younger than 15 years Figure 4.

Table 1: Echocardiography derived right ventricle function parameters
Patient Type of PV MPI TAPSE in mm Mean PV gradient in mmHg PR in grade PR end diastolic velocity in cm/sec EOA in cm2/m2

1 Native normal 
PV

0.48 19.40 7.00 1 38.80 1.37
2 0.56 13.90 10.00 1 38.80 1.60
3 0.05 15.00 8.00 4 96.40 1.83
4 0.08 18.90 9.00 1 45.50 1.85
5 Monocusp 

of UAP 
Pericardium at 
PV annulus

0.19 22.70 11.00 4 42.40 2.45
6 0.07 14.70 10.00 1 68.80 1.25
7 0.08 18.70 5.00 2 160.00 1.70
8 0.07 16.00 13.00 2 10.90 1.22
9 0.16 20.90 30.00 2 69.20 2.45
10 0.07 19.00 17.00 1 38.00 1.25
11 0.08 16.00 16.00 3 51.60 3.09
12 0.10 22.70 22.00 2 95.00 2.09
13 0.24 20.00 23.00 1 77.40 1.95
14 0.31 11.70 8.00 4 65.00 6.53
15 0.10 22.80 12.00 4 89.60 1.44
16 Tricuspid neo 

PV created 
from UAP

0.01 10.60 10.00 4 50.20 1.79
17 0.19 19.00 27.00 2 65.40 1.54
18 0.41 21.90 19.00 4 102.00 1.07
19 0.06 13.00 13.00 2 42.10 0.835

MPI: Myocardial Performance Index, PV: Pulmonary Valve, PR: Pulmonary Regurgitation, UAP: Untreated autologous pericardium
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DISCUSSION

The need for inclusion of  a competent pulmonary valve 
following repair of  tetralogy of  fallot is to prevent right 
ventricular failure arising out of  the effect of  long‑standing 
pulmonary regurgitation.[14] However, a dream of  competent 
pulmonary valve after a transannular patch, though utopian, 
has been regarded as a fool’s errand.[15] In our study of  
fairly long follow‑up, the function of  right ventricle was 
preserved in all the patients as reported by other studies.[16] 
This has also been documented in 5‑year follow‑up of  
repaired tetralogy of  fallot in our experience.[17] A long‑term 
exposure of  pulmonary regurgitation is physiologically 

untenable for right ventricle to maintain its function and 
eventually it fails.[18] Hence authors believe any attempt 
to mitigate the development of  pulmonary regurgitation 
will help in delaying the development of  right ventricle 
dysfunction. Pulmonary regurgitation was moderate in 
most of  our patients and effective orifice area indexed 
was also in normal range, hence the construction of  neo 
valve at pulmonary annulus had prevented ballooning of  
the transannular patch and free pulmonary regurgitation. 
The method for inserting a monocusp in right ventricular 
outflow as patch rather than at annulus has failed to be 
functional at follow‑up.[19] It is also documented in our 
study, that this neo pulmonary valve is non‑obstructive at 

Table 2: Anatomical measurements of UAP of anterior leaflet of reconstructed pulmonary valve on CT scan
Patient Type of PV Age Width of UAP created 

anterior cusp of PV 
at operation in mm

Height of UAP created 
anterior cusp of PV at 

operation in mm

Width of UAP 
Anterior cusp at 
follow‑up in mm

Height of UAP 
Anterior cusp in 
follow‑up in mm

Thickness of UAP 
Anterior cusp at 
follow‑up in mm

1 Native normal PV 12 12.00 10.40 1.40
2 17 14.10 11.10 1.60
3 14 15.50 10.90 1.25
4 09 14.40 10.30 1.50
5 Monocusp of UAP at PV 

annulus
17 15.71 25.00 25.60 12.90 1.70

6 10 20.00 22.00 19.60 17.40 1.30
7 23 30.00 30.00 27.90 19.00 1.70
8 12 30.00 30.00 15.20 18.00 1.70
9 24 25.00 30.00 29.20 8.90 2.50
10 21 25.00 25.00 28.40 15.40 3.00
11 16 20.00 20.00 39.50 13.20 2.00
12 14 30.00 30.00 24.00 22.00 1.50
13 14 25.00 25.00 18.00 16.00 1.10
14 18 25.00 21.00 22.50 20.00 2.60
15 12 4.71 12.00 4.90 9.70 1.60
16 Tricuspid neo PV created 

from UAP
10 20.00 21.00 29.00 13.50 1.60

17 10 20.00 15.00 40.90 15.70 2.10
18 37 25.00 30.00 13.90 19.40 1.60
19 31 30.00 30.00 22.80 20.00 2.60

PV: Pulmonary valve, UAP: Untreated autologous pericardium

Table 3: Measurements of uptake of glucose as TBR in PET scan
Patient Type of PV Follow‑up period in years TBR of UAP Anterior cusp of PV TBR of native aortic valve TBR of native pulmonary valve

1 Native 
normal PV

3 0.24 0.20 0.30
2  5 0.26 0.21 0.42
3 3 0.18 0.21 0.14
4 4 0.20 0.24 0.18
5 Monocusp 

of UAP at 
PV annulus

4 0.17 0.43 0.24
6 4 0.90 0.75 0.66
7 3 1.25 1.45 1.25
8 3 0.54 0.66 0.73
9 7 1.04 1.27 1.22
10 7 0.94 1.33 1.33
11 4 0.95 1.27 0.76
12 9 1.24 1.43 1.13
13 8 1.47 1.00 o. 91
14 4 0.82 0.88 0.82
15 3 0.82 0.60 0.66
16 Tricuspid 

neo PV 
created 
from UAP

6 1.04 1.10
17 9 3.35 3.71
18 3 0.37 0.39
19 3 1.22 1.83

PET: Positron emission tomography, PV: Pulmonary valve, TBR: Target blood ration of standard uptake value, UAP: Untreated autologous 
pericardium
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long term follow‑up as evidenced by an acceptable mean 
gradient across it of  <30 mm Hg.

In our study, we used autologous untreated pericardium 
for preparation of  a competent pulmonary valve either as 
monocusp or a tricuspid valve. It is observed in follow‑up 
with CT scan, that the autologous pericardium has no 
deposition of  calcium in all our patients. However, it has 
revealed thickness and distortion. This change can be 
explained by excessive fibroblastic activity. Grabenwoger 
et al. experimented with autologous and heterologous 
pericardial valve, on explanation they found the autologous 
tissue to be free of  calcification but heterologous valve 
failed because of  calcification of  the tissue. They had 
treated the autologous pericardium with glutaraldehyde 

hence the growth of  collagen was missing in their study.[20] 
Dham et al. demonstrated their experience with autologous 
pericardial valve (ATCV).[21] They did histopathological 
study in two failure patients. The method of  failure 
was shrinkage and thickening in one case and collagen 

Table 4: Function of neo pulmonary valve in follow‑up 
Echocardiography
Variable Group I n=4 Group II n=15 P 

Peak Gradient in mmHg 15.5 (14 ‑ 20) 35 (10 ‑ 62) 0.02
Mean gradient in mm Hg 8.5 (7 ‑ 10) 14.5 (5 ‑ 30) 0.02
RVSP in mm Hg 41 (39 ‑ 43) 41 (36 ‑ 53) 1.0
TR grade 1 (0 ‑ 2) 1 (1 ‑ 4) 0.66
PAEDV 42.4 (38.8 ‑ 96.4) 68.8 (10.9 ‑ 160) 0.70
EOAI cm/m2 1.46 (1.13 ‑ 4.86) 2.11 (0.99 ‑ 4.17) 0.50

RVSP: Right Ventricular Systolic Pressure, TR: Tricuspid 
Regurgitation, PAEDV: Pulmonary artery End Diastolic Velocity, EOAI: 
Effective Orifice Area Index

Figure 4: Difference in shrinkage of monocusp from its initial 
dimensions in patients with age less or more than 15 years

Figure 1: Displays correlation between TBR (Target blood ratio of 
standard uptake value of 18 fluoro deoxy glucose) between monocusp 
of untreated autologous pericardium, aortic valve leaflet and native 
pulmonary valve

Figure 2: CT scan images in different views showing monocusp 
leaflet of neo pulmonary valve (thin arrow) and native pulmonary valve 
leaflet (thick arrow)

Figure 3: Fused positron emission tomography and CT images of the 
same patient as in Figure 2
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degeneration in other. They short tanned the pericardium 
with glutaraldehyde.[22] We have observed shrinkage in 
height of  the cusp in our patients. This has been the 
reported problem with the use of  untreated pericardium.[23] 
Though in our series we have noted growth in width of  
the monocusp, more significantly in patients who were 
below 15 years. This observation in our study may because 
of  the inherent property of  the untreated pericardium to 
increase in length on stretch with the capability of  regain 
its normal size after few hours.[24] In our experience the 
pericardium used as monocusp, increased in length (the 
aspect of  monocusp that was stitched along the neo 
pulmonary annulus) while it shrinks in height (the coapting 
height of  monocusp). Haluk et al. has also reported increase 
in the size of  untreated pericardium when they used it 
as a patch on aorta in experimental animal.[25] Similarly, 
Quinn et al. has reported successful use of  untreated 
pericardium for mitral valve repair. They report that after 
10 years of  follow‑up, the pericardium thus used, shows 
no calcification, aneurysmal dilation or stiffness.[26] We also 
observed similar characteristics in monocusp made from 
untreated autologous pericardium.

PET scan in our study reveals uptake of  glucose by the 
monocusp. This uptake of  glucose is similar to the uptake 
of  glucose by the aortic valve and native pulmonary valve 
leaflet of  the same patient. Marincheva‑Savcheva et al. 
reported increased uptake of  glucose by the stenosed 
aortic valve. They have discussed the uptake in aortic 
stenosis as a part of  inflammation. The mean valve for 
uptake in mild aortic stenosis was 1.35 which is higher 
than that observed in our study.[27] It is also noteworthy 
that in patients who did not require a monocusp and thus 
had normal pulmonary valve had lower uptake value of  
glucose. However, in monocusp category the uptake of  
glucose was increased in aortic as well as monocusp, though 
in approximately equal proportions. It was observed after 
a valve implantation that there was targeting of  the area 
by host reaction.[28] This is later followed by increased 
collagenization and re endothelization.[28] Mathieu et al. 
has reported uptake around the sewing ring of  the bio 
prosthetic valve even at 1 year and has hypothesized that 
this remodeling process (increased fibrous reaction) may 
be the reason for increased uptake.[29] The uptake in cases 
of  infection and inflammation is much higher in numbers 
than observed in our study. Kieder et al. has reported 
increased uptake of  glucose in case of  implantation of  
vascular prosthesis while in cases of  native vein graft 
these values were significantly reduced.[30] In our cases 
the uptake of  glucose may be similarly explained by the 
remodeling process of  the autologous pericardium. The 
free edge of  the monocusp possibly got retracted due to 

collagenization. The monocusp in our study has thus shown 
all the characteristics of  a living tissue, however there was 
retraction in its free edge which is a concern. The use of  
untreated pericardium as a material to create a valve will 
in future be decided by the fact if  its remodeling process 
can be altered favorably.

This study has few limitations and future efforts must be 
directed to addressing them. All the patients treated could 
not be enrolled in this study for follow‑up. This created 
a bias in selection of  patients. We have compared two 
techniques for creating a competent pulmonary valve, the 
monocusp and a tricuspid valve. Both of  these would create 
different amount of  stress on the FAP valve cusp, thus 
altering the amount of  injury and hence healing response.

CONCLUSION

This study establishes the presence of  a supple, 
non‑calcified, monocusp leaflet which is able to reduce 
the pulmonary regurgitation and maintain normal 
functioning of  right ventricle at long term. Though this 
monocusp has demonstrated thickening with retraction 
in its free (coopting) edge, it has also demonstrated its 
capability to increases in length so that the neo pulmonary 
annulus can grow to meet the demand of  growing child. 
The standardization of  design of  the neo pulmonary 
valve and modulation of  the remodeling of  autologous 
pericardium will be required for the success of  such valves.
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