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Abstract

Background: Congenital porto-systemic shunt (CPSS) is a rare condition that can cause pulmonary artery hypertension (PAH). Methods: We reviewed six patients who received treatment in our institution between 2011 and 2019. Results: Median age at diagnosis of CPSS was 2.5 months (0 to 9 years) and that of PAH was 5.6 years (0 to 7.1 years). All patients underwent intervention for CPSS. The median duration between diagnosis of CPSS and intervention for CPSS was 2.5 months (2 months to 8 years) and between diagnosis of PAH and intervention for CPSS was 2.5 months (1 month to 6 years). All patients received combination PAH-specific therapy, three drugs in three cases and two drugs in three cases. Only one infant who underwent intervention for CPSS at 3 months old discontinued pulmonary vasodilator after intervention, but all other patients continued taking it; three patients needed to boost the therapy. Conclusion: When treatment for CPSS is delayed, pulmonary arterial pressure does not decrease only by ligation of the shunt vessel, and PAH-specific therapy cannot be discontinued.
1 | Introduction

Congenital porto-systemic shunt (CPSS) is a malformation in which the portal vein connects to a systemic vein directly, not through the liver. This anomaly is divided into intra-hepatic and extra-hepatic types according to lesions of the shunt vessel. The intra-hepatic type includes a patent ductus vein. Some patients have both intra-hepatic and extra-hepatic shunt vessels, and have minor shunt vessels other than major ones. This malformation leads to impairments for several organs, including liver, biliary system, brain, and lung.1 The reason is that portal blood flows into the systemic organs, not through the liver. 
CPSS is present in one in 30,000 children, according to a review of pediatric cases of CPSS that is based on a study of 265 children aged 16 years or less; the prevalence rate of pulmonary artery hypertension (PAH) due to CPSS is 11%.1 Because little is known about the causes of PAH, this situation is not described by the Nice classification.2 Moreover, there are few reports detailing the clinical course of pediatric PAH due to CPSS, particularly the effect of occlusion for shunt vessels and PAH-specific therapy.3,4 In this report, we provide a clinical review of pediatric cases of PAH due to CPSS in a single institution. 
2 | Methods
A retrospective review of patient records in the National Center for Child Health and Development identified six pediatric patients with PAH due to CPSS diagnosed between 2011 and 2019. Data obtained from the electronic medical records included sex, body weight, drainage site of shunt vessel, presence of heterotaxy syndrome and hepato-pulmonary syndrome (HPS), symptoms of PAH, age at diagnoses of CPSS and PAH, duration between intervention for shunt vessels and diagnoses of CPSS and PAH, symptoms or signs precipitating the evaluation for PAH, additional review of echocardiographic findings, right heart catheterization results, PAH treatment, response to treatment, overall outcome, and clinical course for each patient. Review of patient records was approved by the institutional ethics committee (No. 2020-031). 
The intervention criterion for CPSS is a hepatic venous occlusion pressure equivalent to portal pressure at catheterization of 30 mmHg or less.5 If the pressure is over 30 mmHg, surgical hemi-closure is performed as treatment for CPSS, and hepatic venous occlusion pressure is assessed 1 or 6 months later. If the development of the intrahepatic portal vein after half-closure reduces the hepatic venous occlusion pressure to 30 mmHg or less, complete closure of the shunt vessel is performed. This method is called two-stage closure. If hepatic venous occlusion pressure does not decrease to less than 30 mmHg, liver transplantation should be considered.

Phosphodiesterase 3 inhibitor, diuretics, and pulmonary vasodilators are introduced to each patient in turn before intervention for shunt vessel without catheter examination if the patient had right heart failure, as evaluated by symptoms, chest X ray, and echocardiography. PAH is a risk factor for having a serious adverse event during catheter procedures in pediatric patients.6 
In patients with HPS, pulmonary artery to pulmonary vein shunting that does not contribute to gas exchange was defined as a shunt ratio greater than 10% by pulmonary blood scintigram with 99mTc-MAA.
Comparisons between the two groups were performed by the Mann-Whitney U test. There was a statistically significant difference if the Mann-Whitney U test yielded a probability value <0.05.
3 | Results
3.1 | Patient characteristics

The characteristics of the patients are shown in Table 1. Of the six patients, two (33%) were male and two had left isomerism. The drainage vessels of the CPSS were into the renal vein in two patients and into the inferior vena cava in four patients. The median age at diagnosis of CPSS was 2.5 months (0 to 9 years), and the median age at diagnosis of PAH was 5.6 years (0 to 7.1 years). One patient (Case 2) had diagnosed CPSS after the initiation of specific treatment for PAH. The median age at intervention for CPSS was 6 years (3 months to 9 years). The median time between diagnosis of CPSS and intervention was 2.5 months (2 months to 8 years), and the median time between diagnosis of PAH and intervention for CPSS was 2.5 months (1 month to 6 years). The body weight at the intervention for CPSS was 20.3 kg (5.4 to 22.7 kg). Four patients underwent complete surgical ligation, one underwent two-stage closure, and two underwent coil embolization by catheter intervention. HPS was comorbid in three cases.
3. 2 | Pulmonary artery hypertension specific therapy

All patients received pulmonary vasodilators prior to intervention for CPSS. All patients were treated with a combination of pulmonary vasodilators (three drugs in two cases and two drugs in four cases). Endothelin receptor antagonists and phosphodiesterase-5 inhibitors were used in the combination therapy of two drugs; in the combination therapy of three drugs, epoprostenol was continuously infused, adding to the first two drugs (Table 2). In one patient on doublet therapy (Case 2), CPSS was overlooked until PAH-specific treatment was given. Prior to CPSS intervention, epoprostenol was discontinued in one patient who received triple therapy because of decreased pulmonary arterial pressure (PAP). However, PAP increased again one and a half years after epoprostenol was discontinued. At that time, we found CPSS and ligated the vessel. Despite ligation for CPSS, the patient’s PAP did not decrease and epoprostenol was resumed. Another patient on triple therapy (Case 3) was switched from epoprostenol to beraprost shortly after CPSS intervention, but the PAP subsequently increased.
3.3 | Cardiac catheter data

Cardiac catheter data before and after intervention for CPSS is presented in Table 3. One patient (Case 3) did not undergo catheter examination after intervention for CPSS. Mean PAP (MPAP) before and after intervention was 29.5 (18 to 44) and 24 (15 to 55) mmHg, pulmonary vascular resistance index (PVRI) was 2.85 (1.12 to 10.92) and 3.60 (2.05 to 14.5) mmHg/L/min/m2, cardiac index was 6.84 (4.03 to 12.49) and 3.61 (3.20 to 4.21) L/min/m2, and the pulmonary vascular resistance over systemic vascular resistance ratio (PVR/SVR) was 0.40 (0.28 to 0.65) and 0.30 (0.14 to 0.90). There was no significant change between before and after intervention for all items. Although cardiac index decreased after ligating the CPSS, but not significantly, there were some patients whose pulmonary resistance did not decrease, but rather increased (Fig. 1). Only one patient (Case 4) who underwent intervention at 3 months old discontinued pulmonary vasodilator after intervention for CPSS, but all other patients continued taking it; three patients needed to boost the therapy (Table 2). There were two patients who had a residual porto-systemic shunt; one patient (Case 3) had very small collateral arteries from the portal vein to a systemic vein and the other (Case 6) had hemi-closure for CPSS. Because one patient (Case 3) did not undergo catheter examination after intervention for CPSS, we evaluated PAP by estimated tricuspid regurgitation pressure gradient obtained from echocardiography.7 Liver function testing included direct bilirubin, transaminase, bile acid, and ammonia levels; all values were within normal range (Table 4). 
4 | Discussion
We presented details of patients with PAH due to CPSS, including responses to intervention for CPSS and PAH-specific therapy. 

4.1 | CPSS
A clinical review of pediatric CPSS patients was presented by Bernard et al.1 This review is based on 265 such children aged 16 years or less at the time of the first symptoms or diagnosis. Among the associated risks for severe complications are neonatal cholestasis, benign and malignant liver tumors, HPS, PAH, and encephalopathy. HPS is a pulmonary arteriovenous shunt disease with hypoxia as the most common problem. There were 30 children (11.3%) with PAH and 33 (12.4 %) with HPS; there was a link between PAH and HPS in ﬁve instances. In our study, there were three out of six cases of PAH complicated with HPS. The reason our institution has a high rate of HPS complications for PAH which may have been more severe is because most patients were referred for intervention for CPSS. 
4.2 | Management for CPSS

Management for CPSS is ligated or embolized abnormal shunt vessel, except for a case with hypoplasia of the intra-hepatic portal vein. 8 If the intra-hepatic portal vein is hypoplastic, hemi-closure of the shunt vessel or liver transplantation is considered.5, 9 One of our patients (Case 6) underwent hemi-closure of the shunt vessel because the hepatic vein wedge pressure was greater than 31 mmHg in the occlusion test due to hypoplasia of the intra-hepatic portal vein. When this patient underwent catheter examination a year later after hemi-closure, his hepatic vein pressure during the occlusion test and MPAP were 15 mmHg and 24 mmHg, respectively. He will receive complete closure in the so-called two-step closure. If patients make a choice of liver transplantation in case of values greater than 31 mmHg in the hepatic vein occlusion test, their MPAP values have to be less than 35 mmHg. It is known that pulmonary hypertension with MPAP over 35 mmHg is a risk factor for liver transplantation.10 Thus, PAH-specific therapy has an important role, particularly for patients requiring liver transplantation.
4.3 | Mechanism of PAH due to CPSS

It is said that the mechanism of PAH with CPSS including pathological findings resembles porto-pulmonary hypertension (POPH).11 The mechanism of POPH was explained as high cardiac output due to the shunt vessel, endothelial injury of pulmonary artery due to bacteria and its toxin from the gut (not through the hepatic portal system), direct inflow of pulmonary vasoconstrictor, such as endothelin, thromboxane A2, and serotonin into the pulmonary artery, and occlusion of the pulmonary artery due to an abnormal coagulation system. It can be difficult to distinguish POPH from idiopathic PAH pathologically.12 It is thought that injury to pulmonary vessels (specifically endothelial cells) would get worse as time passes in case of POPH. The Heath-Edwards classification is usually used as a pathological classification of PAH.13 This classification has six grades. Cases greater than grade 4 cannot recover from PAH. We believe that PAH patients with CPSS can easily progress from grade 4 to 6 in this classification because endothelial cells are directly injured by some bacteria and toxins in CPSS. The prognosis of POPH patients is worse than those with idiopathic PAH.14 We believe that the above is one of the reasons why POPH has a poorer prognosis than idiopathic PAH. 
4.4 | Effect of CPSS closure and PAH-specific therapy
Uike et al reported that partial shunt vascular closure was partially effective for PAH.3 In this paper, nine pediatric cases of CPSS were complicated with PAH, and five of nine PAH patients underwent CPSS closure at a median of 38 months (range 21 to 118) after the PAH diagnosis. Four patients underwent CPSS closure together with PAH-specific therapy and achieved reduced estimated right ventricular systolic pressure (eRVSP) (59 to 43.5 mmHg, P = 0.09); however, normal range was not achieved in all cases. Cases treated with PAH-specific therapy without CPSS closure did not reduce eRVSP. Although our cases were earlier than Uike et al cases in the times between PAH diagnosis and CPSS closure and younger in age at CPSS closure, the results of PAH after intervention for shunt vessel were the same, except for the case with ligated CPSS at 3 months (Case 4). Moreover, in the report of Bernard,1 13 cases had catheter examination; six children died and pulmonary arterial pressures and resistances did not return to normal values after treatment in survivors. In our patient with diagnosed CPSS after PAH-specific therapy (Case 2), initial PAP treatment dramatically improved PAH when we were unaware of the CPSS. After re-elevation of PAP and recognition of CPSS, ligation of the shunt vessel alone did not reduce PAP, and PAH-targeted therapy after ligation had to be more intensified than before. From these findings, we believe that PAH with CPSS does not improve with shunt vessel intervention over time, and that PAH-specific therapy needs to be intensified over time. 

5 | Conclusion

Papamichail et al maintain that a CPSS patient who has symptoms should receive intervention earlier, and any case without symptoms should also. However, a patient without symptoms who has an intra-hepatic shunt should wait for intervention until one year old, because an intra-hepatic shunt has a probability to close spontaneously up until that time.15
In conclusion, we confirm that PAH due to CPSS is worsened without treatment for the shunt vessel (such as ligation); early intervention for shunt vessels is required at least for patients with CPSS complicated by PAH. When treatment for CPSS is delayed, PAP does not decrease only by ligation of the shunt vessel, and PAH-specific therapy cannot be discontinued. 
6 | Limitations
The number of patients in this study was small. Our cases were more severe because patients were only referred to our institution for treatment of CPSS and PAH. 
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Figure legend
Figure 1. Comparison between before and after intervention for shunt vessel. There are no significant changes statistically in all items. CI, cardiac index; MPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance; PVRI, pulmonary vascular resistance index; SVR, systemic vascular resistance
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