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Right atrium and superior vena cava pressure measurements in a novel 
animal model to study one and a half ventricle repair as compared to 

Fontan type procedure 
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INTRODUCTION 

Right ventricle (RV) hypoplasia is a congenital 

heart defect associated to a wide spectrum of 

complex cardiac malformations. These anomalies 

are characterized by a normal functioning left 

ventricle, and a hypoplasia of the RV, which is not 
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able to manage the whole cardiac output, resulting 

in a various degree of inadequate blood flow to the 

lungs and signs of right ventricular failure.1 

Following the pioneer work of Carlo Carlon in an 

animal model in the early fifties,2 Glenn3 

demonstrated the clinical use of a superior vena 

ABSTRACT  
Background & Objectives: To evaluate the advantages of the one and 
a half ventricle repair on maintaining a low pressure in the inferior vena 
cava district. Also evaluate the competition of flows at the superior vena 
cava – right pulmonary artery anastomosis site, in order to understand the 
hemodynamic interaction of a pulsatile flow in combination to a laminar 
one.  Materials & Methods: Adult rabbits (n=30) in terminal anaesthesia 
with a follow up of 8 h were used, randomly distributed in three 
experimental groups: Group 1: animals with an anastomosis between 
superior vena cava and right pulmonary artery, as a model of one and one 
half ventricle repair; Group 2: animals with the cavopulmonary 
anastomosis followed by clamping of the right pulmonary artery proximal 
to the anastomosis; and Group 3: sham animals. Pressures of superior vena 
cava and pulmonary arteries were afterwards measured, in a resting 
condition as well as after induced pharmacological stress test. Results: In 
Group 1, superior vena cava pressure was significantly higher, while 
venous pressure in the inferior vena cava – right atrium district was 
constant or lower in comparison with the other groups. After stress test, the 
pressure in the superior vena cava and the heart rate both increased further, 
but the right ventricular, right atrial and pulmonary artery pressures 
remained similar to the values in a resting condition. This proved that the 
inferior vena cava return was well-preserved, and no venous hypertension 
was present in the inferior vena cava district even after stress test (good 
exercise tolerance). Conclusion: One and one half ventricle repair can be 
considered a good surgical strategy for maintaining a low pressure in the 
inferior vena cava district with potential for right ventricle growth, 
restoring the more physiological circulation in borderline or failing right 
ventricle conditions. The experiment presented a positive finding in favour 
of one and one half ventricle repair, as compared to Fontan type procedure. 
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cava (SVC)-right pulmonary artery (PA) shunt in 

1958. Since then, a number of different 

cavopulmonary shunts for palliation of the cyanotic 

heart diseases have been reported. In 1971 Fontan 

described the right atrial (RA) to PA anastomosis as 

a surgical treatment for tricuspid atresia.4 Many 

modifications of this technique followed, expanding 

the Fontan concept to all malformations 

characterised by a functional single ventricle and 

modifying the initial Fontan concept to achieve a 

better hemodynamic performance. Today we know 

that patients after cavopulmonary shunt may suffer 

from important complications, such as pleural 

effusion, thromboembolism, arrhythmia, protein-

losing enteropathy, plastic bronchitis, pancreatitis, 

liver cirrhosis, nephropathy with microalbuminuria, 

neurocognitive deficits, arteriovenous 

malformations and collaterals, reduced heart rate 

variability, and endothelial dysfunction.5, 6 Many of 

these complications are related to hypertension in 

the inferior vena cava (IVC). 

As a continuation of the modifications in 

cavopulmonary shunts, in 1989 Billingsly et al7 

published the so called “one and one half 

ventricular repair” (1.5 VR), which intended to 

achieve a more physiological correction by 

separating the pulmonary circulation from the 

systemic one, maintaining a pulsatile blood flow in 

the pulmonary arteries in selected patients with 

hypoplasic, failing or borderline RV for 

biventricular correction. In this repair, blood from 

SVC is diverted directly into the PA as a 

bidirectional cavopulmonary shunt, while the IVC 

blood is propelled by the hypoplasic RV into the 

PA. So, the main goal of the 1.5 VR remains 

maintaining a lower pressure in the IVC district, 

minimizing the complications related with IVC 

hypertension after a Fontan procedure.8 
 

MATERIALS AND METHODS 

Animals and experimental design: Thir ty New 

Zealand rabbits, five to six months old, weighting 

4.4 to 5.5 kg were used. All animals were housed, 

handled, and treated in accordance with the 

guidelines and regulations set forth by the local 

Ethic Committee and according to the Italian Law 

on the use of experimental animals (DL n. 16/92, 

art. 5). Animals were randomly divided into three 

experimental groups: Group 1 (n=10): animals with 

anastomosis between SVC cava and right PA (the 

1.5 VR group); Group 2 (n=10): animals with 

anastomosis between SVC cava and right PA, 

which is followed by clamping of the right PA 

proximal to the cavopulmonary anastomosis; and 

Group 3 (n=10): sham controls. 

 

Anaesthesia and surgical technique: The 

operative procedures were carried out under general 

anaesthesia. Pre-anaesthesia was induced with 

tramadol hydrochloride (Contramal®, Formenti Srl 

Verona, Italy) 4mg/kg and, subsequently, tiletamine

-zolazepam (Zoletil®, Virbac Srl, Milan, Italy) 

15mg/kg i.m. with xylazine (Rompun®, Bayer AG, 

Leverkusen, Germany) 5mg/kg i.m. (put in the 

same syringe). The auricular vein was incannulated 

with a 24G cannula and 0.9% NaCl solution 

administered at a velocity of 5 mL/kg/h. Vital signs 

were measures as in a standard operating room. To 

measure the blood pressure during and after 

performing the procedure, artery in the left auricle 

was cannulated with a 16G cannula. Saturation rate, 

heart rate, ECG monitoring was also achieved with 

the use of standard operating room monitor 

(Siemens SC 9000). Intubation was performed with 

direct tracheostomy incision, using a paediatric 

cuffed endotracheal tube of 3.5 Fr. After intubation, 

the endotracheal tube was fixed with open-weave 

bandage, tied around the connector and then 

connected with a OLMEDA Excel 210 SE 

mechanical ventilator. General anaesthesia was 

maintained with Oxygen 2 L/min and sevofluorane 

(Sevorane®, Abbott Spa, Latina, Italy) at 3%. The 

ventilating values were: tidal volume 15 mL/kg, 

respiratory rate 26 rpm, FiO2 at 100%, PEEP at 3 

cm H2O, PEAK between10 and 15 cm H2O.9 Two 

technicians, one operating nurse and three surgeons 

were involved in this procedure. The operation was 

performed through a left lateral thoracotomy in the 

third intercostal space. The animal was heparinised 

with the dose of 100 IU/kg of heparin. The 

cavopulmonary anastomosis was performed without 

cardiopulmonary bypass (Figure 1). For animals in 

Group 1 anastomosis was made in an end to side 

fashion between the right SVC and the right PA, as 

schematically shown in Figure 2. Two curve 

Satinsky clamps were used. Prolene 6-0 suture 

served for the anastomosis. In experimental Group 

2, immediately after the cavopulmonary 

anastomosis, a vascular clamp was placed distal to 

the anastomosis, close to the pulmonary trunk, as 

schematically shown in Figure 3. Rabbits were 

monitored during surgery with standard monitoring 

techniques. At 8 hours from the beginning of 

surgery, as stated by the Ethical Committee, 

Original Research Article Bhattarai A, et al 



 

145 

One and a half ventricle repair in a novel animal model 

P-value less than 0.05 was considered significant. 

RESULTS 

All animals tolerated well the experimental 

procedures, that were carried out without 

complications. 

Numerical values of the measurements conducted 

throughout the experiment are shown in Table 1 

(resting condition) and Table 2 (after induced stress 

test). 

RA pressure (which reflects the pressure in IVC). 

At resting condition, RA pressure was significantly 

lower in Group 1, in comparison with controls (p 

value = 0.01). After stress test, RA pressure was 

also found significantly lower in Group 1 (p value = 

0.003), as shown in Figure 4 A. This proves a 

decreasing of the pressure in the IVC district. 

Hemodynamic changes in SVC. Pressures in SVC 

resulted much higher in Group 1, in comparison 

with Groups 2 and 3. This was found at resting 

condition (p value = 0.0001), as well as after stress 

test (p value = 0.0001), as shown in Figure 4 B. 

animals were euthanized in the operating room with 

a dose of 0.3 ml/kg of intrapulmonary 

Embutramide/Mebezonium Iodide/Tetracaine 

(Tanax®) (Intervet Italia S.r.l., Milan, Italy). 

Experimental measurements: Measures of blood 

pressure from the SVC, RA, RV and PA at rest and 

after induced stress test were detected with at least 

five measurements with a 5 min interval in 

between. Pharmacological stress test was performed 

by giving intravenously adrenaline bolus of 0.02 

mcg/kg. A median value for each pressure was 

recorded. 

Statistical analysis: Continuous data were 

expressed as median and interquartile range (IQR). 

Due to the small sample size, comparisons among 

independent samples and between paired samples 

were performed using the permutation approach for 

hypothesis testing by Non Parametric Combination 

(NPC).10 Statistical analysis was performed using 

NPC 2.0 software (http://static.gest.unipd.it/

~salmaso/NPC_TEST.htm) and R 2.12 language.11 

Table 1. Resting condition. Numerical values: median (range) 

  Group 1 (1.5 VR) Group 2(clamping) Group 3 (sham) p-value 

RA 7.0 (6.0-7.0) 8.0 (7.0-8.0) 7.5 (7.0-8.0) 0.01* 

SVC 22.0 (20.5-23.0) 6.0 (6.0 (5.0-6.0) 4.0 (3.3-5.0) 0.0001* 

RV s 14.5 (13.0-15.0) 18.0 (17.3-18.0) 15.5 (14.3-17.8) 0.0006* 

RV d 4.0 (4.0-4.8) 5.0 (5.0-5.8) 5.0 (4.3-5.8) 0.08 

PA s 15.0 (14.0-16.0) 16.5 (16.0-17.0) 15.5 (14.3-17.0) 0.19 

PA d 4.0 (4.0-5.0) 4.0 (4.0-4.8) 5.0 (4.3-6.8) 0.01* 

PA: pulmonary artery; RA: right atrium; RV: right ventricle; SVC: superior vena cava; d: diastolic pressure; 

s: systolic pressure; *significantly different values of Group 1, in comparison with the other groups. 

Table 2. After pharmacologically induced stress test. Numerical values: median (range) 

  Group 1 (1.5 VR) Group 2(clamping) Group 3 (sham) p-value 

RA 7.5 (6.0-8.0) 9.0 (8.3-10.0) 8.5 (7.3-9.0) 0.003* 

SVC 36.0 (34.0-37.5) 13.0 (12.0-13.8) 5.0 (4.0-5.8) 0.0001* 

RV s 14.5 (14.0-15.0) 19.0 (18.3-20.0) 17.0 (15.3-19.5) 0.0003* 

RV d 4.0 (3.0-4.0) 5.0 (5.0-5.0) 5.0 (5.0-5.8) 0.002* 

PA s 15.5 (15.0-16.0) 18.0 (16.5-20.0) 16.5 (15.3-18.0) 0.03* 

PA d 4.0 (4.0-4.8) 4.0 (4.0-5.0) 5.0 (5.0-5.0) 0.09 

PA: pulmonary artery; RA: right atrium; RV: right ventricle; SVC: superior vena cava; d: diastolic 

pressure; s: systolic pressure; *significantly different values of Group 1, in comparison with the other 

groups. 
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Figure 1: Intraoperative view of the cavopulmonary 

anastomosis in a rabbit; SVC: superior vena cava; RPA: 

right pulmonary artery; CPA: cavopulmonary anastomosis; 

RA: right atrium; RV: right ventricle. 

 

Figure 2: Diagram showing the hear t 

after one and a half ventricle repair; SVC: 

superior vena cava; RA: right atrium; IVC: 

inferior vena cava; RV: right ventricle; 

MPA: main pulmonary artery; (arrow): 

Figure 3: Diagram after  placing the 

clamp; SVC: superior vena cava; RA: right 

atrium; IVC: inferior vena cava; RV: right 

ventricle; MPA: main pulmonary artery; 

clamp: vascular clamp; (arrow): direction 

of the blood flow. 

Figure: 4. Boxplot of Right Atr ium (A) and 

Superior Vena Cava (B) in resting and stress 

condition. 
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Although after the induced stress test the pressure 

in SVC increased, pressures in RV, RA and PA 

maintained the same values as during rest 

condition. 

 

DISCUSSION 

In our experimental model, we studied the 

hemodynamic changes after an anastomosis 

between SVC and right PA at the level of the 

anastomosis and in the RA. This procedure, applied 

in 10 healthy rabbits, mimicked the intervention of 

1.5 ventricle repair published by Billingsly in 1989. 

The data of this group of animals were compared 

with two control groups: sham, and a group of 

animals where the anastomosis was followed by a 

proximal cross clamping of the right PA 

(“mimicking” pressures of a Fontan intervention). 

As compared with the requirements of a marginal 

systemic ventricle, the 1.5 VR for hypoplasic or 

failing RV, offers the considerable advantage of a 

variable volume load on the right while largely 

separating the systemic and pulmonary 

circulations.7, 12-21 The surgical management of 

patients with mild to moderate RV hypoplasia has 

improved, but the management of those with an RV 

which is too small to accommodate the entire 

cardiac output has been less satisfactory.7, 21-23 The 

goals of surgical intervention for this group are to 

eliminate cyanosis by separating the pulmonary and 

systemic circulations while avoiding complications 

related to venous hypertension in IVC district. 

These goals are trying to be met by using different 

modifications of Fontan type procedures, or by 

establishing a RV-PA continuity using a 

bidirectional cavopulmonary anastomosis, in order 

to reduce the volume of systemic venous return that 

the RV must handle.7, 22-24 By maintaining the RV 

in the atriopulmonary circulation, RV growth may 

continue and the pulsatile flow may enhance PA 

growths.1 A pulsatile pulmonary flow within 

pulmonary district may be advantageous if we 

consider that the vascular resistance to pulsatile 

flow is lower than to non-pulsatile flow,25-26 

regional pulmonary blood flow may be more 

uniform27 and lymphatic drainage may improve.28 

The role of non-pulsatile blood flow in the 

development of pulmonary arteriovenous fistulae is 

more controversial.29-33 Exclusion of hepatic venous 

return from the pulmonary circulation may be 

associated with the formation of such fistulae in 

patients following a classic Glenn-type 

cavopulmonary anastomosis.33, 34 We hypothesize 

that establishing a communication between the IVC 

and the pulmonary arteries may be important in 

preventing pulmonary arteriovenous 

malformations.32-33 There is a potential 

disadvantage to this operative approach: the 

increased reverse flow to the SVC, but it has proved 

to be well tolerated by patients with Fontan 

procedure at midterm and long term follow-up1. 

Our animal study showed in real time well tolerated 

hemodynamic changes with increased pressure at 

SVC level with normal RA pressure after a SVC – 

bidirectional PA anastomosis, even after induced 

stress test. That means patients after an 1.5 VR 

could avoid all those complications related with 

venous hypertension in IVC after Fontan operation. 

This is a very positive finding in favour of 1.5 VR, 

in comparison to Fontan type procedure for patients 

with hypoplasic, failing or borderline RV. This 

proves that the IVC return is well preserved, and no 

hypertension is present in the IVC district even 

after stress test (good exercise tolerance). 

Statistical analysis. The methodology used was a 

conditional testing procedure which works under 

the assumption that exchangeability of data with 

respect to groups is satisfied in the null hypothesis. 

It can be used in presence of missing values or 

small sample size data (thanks to its non-parametric 

nature) and does not require the definition of a 

distributional model. Pairwise comparisons after 

each three groups’ comparison were not performed 

because of the small sample size A. 

Limitations. They are of course some limitations to 

our study. Mainly, the animal model is that of 

healthy animals with normal sized right ventricle. 

Also, for ethical reasons, a follow up period of only 

eight hours in the operating room was possible. 

 

CONCLUSION 

We found significant increase of the SVC pressure 

in Group 1 (as a model of 1.5 VR). Moreover, 

pressure in SVC after stress test further increased, 

as compared to a resting condition. However, our 

experience of more than three decades in patients 

with Fontan type procedure1, proves that elevated 

SVC pressure is well tolerated. In addition, we 

found that RA pressure in Group 1 was 

significantly lower, which means that subjects with 

this type of repair is very likely to have not serious 

complications related with venous hypertension in 

IVC after Fontan type procedure, such as protein 

loosing enteropathy, hepatic venous congestion, 

plastic bronchitis, etc. Finally, the 1.5 VR seems to 
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