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Hepatopulmonary syndrome (HPS) is defined as three distinct features: liver disease, hypoxemia,

and intrapulmonary vasodilation. The purpose of this study was to investigate the clinical outcomes
of pediatric HPS and to identify the risk factors for HPS in children with biliary atresia (BA). We
performed a retrospective cohort study of all children who were diagnosed with HPS between 2000
and 2018 at Seoul National University Hospital. The clinical features and outcomes of the 10 patients
diagnosed with HPS were reviewed. To clarify the risk factors of HPS in patients with BA, we reviewed
120 patients diagnosed with BA. Underlying liver disease was BA in 8 patients, portal vein agenesis in
1 patient, and portal vein thrombosis in 1 patient. A total of 7 patients underwent liver transplantation
(LT). Currently, all seven patients, including 3 patients with severe HPS, survived after LT. The
prevalence of HPS in children with BA was 7%. Polysplenia/interrupted inferior vena was the only risk
factor for HPS in BA patients in multivariate analysis. The Pediatric End-Stage Liver Disease score was
not associated with the development of HPS. Children with severe HPS undergoing LT had excellent
outcomes. Screening for HPS in children with BA is required regardless of the severity of liver diseases.

Hepatopulmonary syndrome (HPS) is a complication that can result from liver cirrhosis or portal hypertension.
This causes progressive symptoms such as dyspnea and cyanosis. The precise mechanism of HPS development
is not fully understood. Increased bacterial translocation and endotoxin in cirrhosis leads to overproduction of
vasodilatory substances such as nitric oxide (NO)'. Increased NO and pulmonary angiogenesis result in dilated
pulmonary capillaries and ventilation-perfusion mismatch®?.

HPS has three distinct features: liver disease, hypoxemia, and intrapulmonary vasodilation®. Alveolar-arterial
oxygen gradient (PA-a0O,) measurements are accurate measurements of hypoxemia. However, arterial blood gas
analysis (ABGA) is impractical for pediatrics and is accompanied by complications such as arterial spasm and
hematoma. For screening patients with HPS with cirrhosis, pulse oximetry has been validated as a screening
tool. The threshold of a pulse oximeter <97% has been shown to detect PaO, levels below 70 mm Hg with 100%
sensitivity and 65% specificity>®. Two methods can be used to identify intrapulmonary vasodilation: contrast
enhanced echocardiography (CEE), most often using microbubbles as the contrast, and radioactive lung perfu-
sion scan using macroaggregated albumin (MAA).

An effective medical therapy for HPS has yet to be established. Liver transplantation (LT) remains the only
effective treatment for HPS. The occurrence of HPS is associated with increased morbidity and mortality®’. In
particular, HPS is a progressive disease and the outcome is poor if the degree is severe before LT. However, HPS
is not considered a priority for LT in Korean children. Until recently, there are few studies on the risk factors and
long-term outcome of HPS in children with BA.

The purpose of this study was to investigate the clinical outcomes of pediatric HPS and to identify the risk
factors for HPS in children with BA in Korea.

Materials and methods

We performed a retrospective cohort study of all children who were diagnosed with HPS between 2000 and
2018 at Seoul National University Hospital. HPS was diagnosed as having hypoxia with pulse oximetry less than
97% and intrapulmonary vasodilation among the patients with liver disease. Intrapulmonary vasodilation can
be diagnosed by the CEE test when the microbubble is seen in the left ventricle within 4-6 heartbeats or when
the shunt ratio of the brain exceeds 6% by the MAA test'*!2 The shunt ratio evaluated by MAA was divided
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Age at Follow-up
diagnosis of IvC PELD/ MAA (brain | Age at LT duration
Case | Gender | HPS (years)® | Liver disease | Polysplenia | interruption | CPT Class | MELD CEE | uptake %)* | (years)® Outcome (years)®
1 F 13.1 Biliary atresia B 13 ND 89.0 13.1 LT 9.0
2 F 15.7 Biliary atresia B 16 + 203 ‘L’?iti“g for 116
3 F 6.4 Biliary atresia A 0 + 60.0 9.5 LT 8.3
4 F 15 Biliary atresia | + + A 0 + |ND Died of UGI | 5
bleeding
5 M 1.6 Biliary atresia | + + A 0 ND 74.7 3.6 LT 8.7
6 F 13.6 Biliary atresia | + + C 23 ND 14.3 13.7 LT 5.7
7 M 223 Biliary atresia B 8 + 32.8 22.6 LT 1.7
8 M 8.2 Biliary atresia B 1.6 ND 63 104 LT 15.4
9 M 13.9 Portal Yein + A 0 . ND Shunt sur- 15.0
agenesis gery, stent
10 M 9.0 Portal vein B 56 + |ND 185 LT 123
thrombosis

Table 1. Clinical details of patients with hepatopulmonary syndrome. CEE contrast echocardiography, CPT
Child-Pugh-Turcotte, HPS hepatopulmonary syndrome, IVC inferior vena cava, LT liver transplantation,
MAA macroaggregated albumin, MELD Model for End-Stage Liver Disease, ND not done, PELD Pediatric
End-Stage Liver Disease, UGI upper gastrointestinal. # Absolute number (percentage). ®Absolute number
(years).

into three groups according to severity: mild (<20%); moderate (20-40%); and severe (>40%)"*~*°. The medi-
cal records of the 10 patients diagnosed with HPS were reviewed. These include gender, age, underlying liver
disease, Child-Pugh-Turcotte (CPT) classification, Pediatric End-Stage Liver Disease (PELD) score, Model for
End-Stage Liver Disease (MELD) score, pulse oximetry, chest X-ray, abdominal computerized tomography, and
abdominal ultrasonography!®.

To identify risk factors of HPS in patients with BA, we reviewed the medical records of 120 patients diagnosed
with biliary atresia between 2000 and 2018 at Seoul National University Hospital. Univariate and multivariate
analyses were used to investigate the risk factors, and a P value of < 0.05 was considered significant. The LT-free
survival rate was analyzed through Kaplan-Meier survival analysis. Statistical analyses were performed with SPSS
version 23.0 (IBM, New York, NY, USA). The study was performed in accordance with the Helsinki Declaration
and approved by the ethical standards of the Institutional Review Board of Seoul National University Hospital
(IRB No. 1808-136-967). Informed consent was waived by the Institutional Review Board of Seoul National
University Hospital because the clinical data were obtained retrospectively.

Results

Baseline characteristics and outcomes of HPS patients. A total of 10 patients were diagnosed with
HPS (Table 1). Five patients were male, and five patients were female. The median age at diagnosis of HPS was
11 years (range 1.5-22.3 years). Underlying liver disease was biliary atresia in 8 patients, portal vein agenesis in 1
patient, and portal vein thrombosis in 1 patient. The prevalence of HPS according to the underlying disease was
7% of patients with BA (8 out of 120), 20% of patients with portal vein agenesis (1 out of 5), and 5% of patients
with portal vein thrombosis (1 out of 25). When classified as CPT classification, 4 were class A, 5 were class B,
and 1 was class C. The median oxygen saturation by pulse oximetry was 87% (range 74-96%). Seven patients
complained of dyspnea, and six patients had cyanosis. Three patients showed pulmonary vascular enlargement
on chest X-ray. There were 6 positive cases in CEE and 7 positive cases in MAA. Three of them showed positive
results in both tests. The median shunt ratio of the brain measured by MAA was 60%. In seven patients under-
going MAA, the severity of HPS was classified as one in the mild group, two in the moderate group and four in
the severe group.

The median follow-up period from HPS diagnosis to the present was 8.5 years (range 1.6-15.4 years). Among
10 patients with HPS, 3 patients did not receive LT. One patient with portal vein agenesis underwent stenting
insertion after splenorenal shunt surgery. One patient with BA waited for LT, and the other with BA died of
uncontrolled upper gastrointestinal bleeding while waiting for LT. Only one of the total HPS patients died dur-
ing the 10-year observation period, resulting in a 90% survival rate. The 10-year LT-free survival rate in HPS
patients was 10%.

A total of 7 patients underwent LT. The median period from diagnosis of HPS to LT was 2 years (range
0.1-9.6 years). The median age of LT was 13.1 years (range 3.6-22.6 years). Among the LT recipients, 6 received
living donor LT, and 1 received deceased donor LT. Currently, all seven patients are alive, and presenting symp-
toms improved after LT. Surgical complications, including vascular and biliary problems, were not noted after LT.
Three patients with severe HPS underwent follow-up MAA after LT (median 7.7 months, range 5.6-8.2 months).
They all had less than 6% uptake in the brain (median 2%, range 0-4.6%).

Risk factors and outcomes of HPS in children with BA. A total of 112 patients were diagnosed BA
without HPS (Table 2). The median oxygen saturation by pulse oximetry was 100% (range 97-100%). None of
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BA without HPS (n=112) | BA with HPS (n=8)
Clinical manifestation
Dyspnea 0 7
Cyanosis 0 6
SpO,, %, median (range) 100 (97-100) 87 (74-96)
Age at LT, years, median (range) 1.0 (0.2-15.2) 11.7 (3.6-22.6)
Post-LT survival 80/82 (97.5%) 6/6 (100%)
Non-LT survival 26/30 (86.7%) 1/2 (50%)

Table 2. Comparison of clinical manifestation and outcomes between BA with HPS and BA without HPS. LT
Liver transplantation.

Univariate Multivariate

OR 95% CI pvalue | OR 95% CI p value
Male gender 1.16 | 0.26-5.10 0.84
Age 1.03 0.91-1.18 0.63
PELD 0.84 0.71-1.00 0.050
MELD 0.66 0.24-1.81 0.422 - - -
Varix 22.04 |2.59-187.22 |0.005 - - -
Congenital cardiac anomaly 0.23 | 0.40-1.33 0.101 - - -
Polysplenia/interrupted inferior vena cava | 66.60 | 5.84-759.61 | 0.001 142.66 | 4.59-4433.76 | 0.005

Table 3. Univariate and multivariate analysis of risk factors for hepatopulmonary syndrome in children with
BA. MELD Model for end-stage liver disease, OR odds ratio, PELD pediatric end-stage liver disease.

the patients complained of dyspnea, and none had cyanosis. The median follow-up period from birth to the
present was 9.6 years (range 0.5-19.0 years). Among 30 patients who did not receive LT, 4 patients died. A total
of 82 patients underwent LT. The median age of LT was 1 year (range 0.2-15.2 years). Among the LT recipients,
54 received living donor LT, and 28 received deceased donor LT. Currently, only two of the total LT patients with
non-HPS BA died during the observation period, resulting in a 97.5% survival rate.

Table 3 summarizes the risk factors for HPS in children with BA. PELD and MELD scores were not associ-
ated with the development of HPS. Varix and polysplenia/interrupted inferior vena cava (PS/IVC) were associ-
ated with an increased risk of HPS in the univariate analysis (p=0.005 and p=0.001, respectively). Among 8
BA patients with HPS, 3 (38%) had PS/IVC. In contrast, of 112 BA patients without HPS, 1 had PS/IVC. In the
multivariate analysis, PS/IVC was a risk factor for HPS in children with BA (p=0.001). Interrupted IVC was
observed in a patient with portal vein agenesis.

BA patients with HPS underwent LT at older age (median 11.7 years, range 3.6-22.6 years) than BA patients
without HPS (median 1.0 year, range 0.2-15.2 years). Kaplan-Meier survival analysis showed that 10-year LT-free
survival rate did not differ significantly between BA patients with and without HPS (p =0.08) (Fig. 1).

Discussion

In our study, the prevalence of HPS in children with BA, portal vein agenesis, and portal vein thrombosis were
7%, 20%, and 4%, respectively. The prevalence of HPS in adults with liver cirrhosis ranged from 4 to 29%%"’. In
children, the prevalence of HPS was 3-20% in biliary atresia and 0.5% in portal vein thrombosis'®'®!°. Previ-
ous studies have shown that the prevalence of HPS in children with PS/IVC or cirrhosis is between 6.1% and
42.5%"'%. The reason for this difference is that the types of liver disease and the method of diagnosing HPS
were different in each study'®*..

To diagnose HPS, we followed the current well-known diagnostic criteria!»**-2%, HPS was diagnosed as having
hypoxia with pulse oximetry less than 97% and intrapulmonary vasodilation through CEE or MAA among the
patients with liver disease. We did not perform ABGA to measure the PA-a0,. In children, ABGA is considered
to be invasive, and pulse oximetry is an appropriate alternative to ABGA'®. We measured pulse oximetry peri-
odically and performed additional tests when pulse oximetry was lower than 97%. CEE or MAA was performed
to diagnose intrapulmonary vasodilation. In children, MAA is known to have higher sensitivity for identifying
intrapulmonary shunts than CEE*?*. MAA can be used to quantify and follow the degree of shunting'***?”. The
moderate-severe group accounted for 85% of our seven patients who underwent MAA, and all of them survived.

There is a debate over whether the severity of hepatic dysfunction is associated with HPS. Tumgor et al.
reported that the PELD score and the CPT classification were associated with the development of HPS?. In our
study, PELD and MELD scores were not risk factors for HPS. This finding is consistent with previous studies
showing that there is no correlation between the presence or severity of HPS and the severity of liver disease
based on the CPT classification, PELD or MELD score®*3.
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Figure 1. Comparison of 10-year LT-free survival rate between BA with HPS and BA without HPS. The
Kaplan-Meier survival analysis showed that the 10-year LT-free survival rate did not differ significantly between
BA patients with and without HPS (p=0.08).

HPS is known as a progressive disease when it occurs. The need for oxygen in a patient’s daily life negatively
affects the quality of life of children and adolescents, and HPS can be life threatening if not treated’. Previous
studies have shown that if PaO, is reduced below 50 mmHg, the prognosis is poor even after LT*. PaO, is not
included when calculating PELD and MELD scores. For this reason, the PELD and MELD scores do not increase
correspondingly even if HPS develops and worsens. In our study, PELD and MELD scores were not high in
patients with HPS. Our patients with HPS had a longer period from diagnosis to LT compared with those in
the previous study’, and most of them had living donor LT. We found that BA patients with HPS underwent LT
at older age than those without HPS, and 10-year LT-free survival rate did not differ significantly between BA
patients with and without HPS. In previous studies, there was no difference in survival rate between patients
who received LT in HPS patients and those who received LT in patients without HPS. However, if patients with
HPS do not receive LT, their survival rate is significantly lower than those without HPS*. Therefore, we support
the claim that additional scores should be given to PELD and MELD scores in HPS patients waiting for LT*.
The PELD exception needs to be applied in Korea.

We found that PS/IVC was a risk factor for HPS in children with BA. Similar to our study, the presence of
PS/IVC was more common in patients with HPS, and cirrhosis is not a requirement for the development of HPS
in children'®?!. However, the mechanism of the correlation between PS/IVC and HPS is still unknown?'. Gupta
et al. suggested that HPS is associated with a decrease in intrahepatic blood flow in patients with noncirrhotic
portal hypertension. In patients with PS/IVC, the abnormality of intrahepatic blood flow was more severe, leading
to a higher incidence of HPS". The development of HPS in children with congenital portosystemic shunt and
normal liver function suggests that HPS occurs as a consequence of bypassing normal intrahepatic blood flow
and failure to metabolize vasodilatory mediators®*.

Since there is no medical treatment to date for HPS, the only definite treatment is LT?*%. Our study shows
that post-LT 5-year survival is excellent (100%), comparable to 88-93% reported in previous studies (2, 13).
Among the 6 patients who underwent MAA and LT, 4 (67%) had severe HPS, and all 4 children survived. A
Japanese study reported that the survival rate in the severe group was worse (40%) than those in the mild or
moderate group'®. In our study, the underlying disease in the severe group was BA. In the Japanese study, the
major original disease was congenital portosystemic shunt in the severe group, suggesting that these patients
might have pulmonary vessel malformation, which cannot be cured by LT".

The limitations of this study are the small number of patients and the application of two methods to diagnose
intrapulmonary vasodilation.

In conclusion, the prevalence of HPS in children with BA, portal vein agenesis, and portal vein thrombosis
was 7%, 20%, and 4%, respectively. Only one of the total HPS patients died during the 10-year observation period,
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resulting in a 90% survival rate. Children with severe HPS showed excellent outcomes after LT. PS/IVC are a
risk factor for the development of HPS in patients with BA. In addition, since the PELD and MELD scores alone
cannot reflect the risk or aggravation of HPS, exceptions should be made for proper LT. Periodic pulse oximetry
screening test for HPS in children with BA should be performed, especially in those with PS/IVC.

Received: 14 August 2020; Accepted: 8 February 2021
Published online: 18 February 2021

References

1.

Hoeper, M. M., Krowka, M. J. & Strassburg, C. P. Portopulmonary hypertension and hepatopulmonary syndrome. Lancet 363,
1461-1468 (2004).

2. Grace, J. A. & Angus, P. W. Hepatopulmonary syndrome: Update on recent advances in pathophysiology, investigation, and treat-
ment. J. Gastroenterol. Hepatol. 28, 213-219 (2013).
3. Soulaidopoulos, S., Cholongitas, E., Giannakoulas, G., Vlachou, M. & Goulis, I. Review article: Update on current and emergent
data on hepatopulmonary syndrome. World . Gastroenterol. 24, 1285-1298 (2018).
4. Palma, D. T. & Fallon, M. B. The hepatopulmonary syndrome. J. Hepatol. 45, 617-625 (2006).
5. Koch, D. G. & Fallon, M. B. Hepatopulmonary syndrome. Curr. Opin. Gastroenterol. 30, 260-264 (2014).
6. Umeda, A. et al. Hepatopulmonary syndrome can show spontaneous resolution: Possible mechanism of portopulmonary hyper-
tension overlap?. Respirology 11, 120-123 (2006).
7. Anand, A. C., Mukherjee, D., Rao, K. S. & Seth, A. K. Hepatopulmonary syndrome: Prevalence and clinical profile. Indian J.
Gastroenterol. 20, 24-27 (2001).
8. Schenk, P. et al. Prognostic significance of the hepatopulmonary syndrome in patients with cirrhosis. Gastroenterology 125,
1042-1052 (2003).
9. Warner, S. et al. Hepatopulmonary syndrome in children: A 20-year review of presenting symptoms, clinical progression, and
transplant outcome. Liver Transpl. 24, 1271-1279 (2018).
10. Abrams, G. A,, Nanda, N. C.,, Dubovsky, E. V., Krowka, M. ]. & Fallon, M. B. Use of macroaggregated albumin lung perfusion scan
to diagnose hepatopulmonary syndrome: A new approach. Gastroenterology 114, 305-310 (1998).
11. Abrams, G. A., Jaffe, C. C., Hoffer, P. B., Binder, H. J. & Fallon, M. B. Diagnostic utility of contrast echocardiography and lung
perfusion scan in patients with hepatopulmonary syndrome. Gastroenterology 109, 1283-1288 (1995).
12. Krowka, M. J. et al. Hepatopulmonary syndrome: A prospective study of relationships between severity of liver disease, PaO(2)
response to 100% oxygen, and brain uptake after (99m)Tc MAA lung scanning. Chest 118, 615-624 (2000).
13. Mali, V. P. et al. Mild to moderate intrapulmonary shunting in pediatric liver transplantation: Is screening necessary?. Transplant.
Proc. 50, 3496-3500 (2018).
14. Egawa, H. et al. Long-term outcome of living related liver transplantation for patients with intrapulmonary shunting and strategy
for complications. Transplantation 67, 712-717 (1999).
15. Hirata, Y. et al. Outcomes of 50 cases of pediatric liver transplantation for intrapulmonary shunt while considering the deteriorated
prognosis of severe intrapulmonary shunt patients. Transplant. Proc. 51, 2793-2797 (2019).
16. Noli, K., Solomon, M., Golding, E,, Charron, M. & Ling, S. C. Prevalence of hepatopulmonary syndrome in children. Pediatrics
121, €522-527 (2008).
17. Lima, B. L. et al. Frequency, clinical characteristics, and respiratory parameters of hepatopulmonary syndrome. Mayo Clin. Proc.
79, 42-48 (2004).
18. Barbe, T. et al. Pulmonary arteriovenous shunting in children with liver disease. J. Pediatr. 126, 571-579 (1995).
19. Gupta, N. A. et al. Pediatric hepatopulmonary syndrome is seen with polysplenia/interrupted inferior vena cava and without cir-
rhosis. Liver Transpl. 13, 680-686 (2007).
20. Ceza, M. R. et al. Prevalence and characteristics of hepatopulmonary syndrome in children with cirrhosis in southern Brazil. Eur.
J. Gastroenterol. Hepatol. 31, 10-15 (2018).
21. Schenk, P. et al. Hepatopulmonary syndrome: Prevalence and predictive value of various cut offs for arterial oxygenation and their
clinical consequences. Gut 51, 853-859 (2002).
22. Gupta, D. et al. Prevalence of hepatopulmonary syndrome in cirrhosis and extrahepatic portal venous obstruction. Am. J. Gastro-
enterol. 96, 3395-3399 (2001).
23. Arguedas, M. R,, Singh, H., Faulk, D. K. & Fallon, M. B. Utility of pulse oximetry screening for hepatopulmonary syndrome. Clin.
Gastroenterol. Hepatol. 5, 749-754 (2007).
24. Kochar, R., Tanikella, R. & Fallon, M. B. Serial pulse oximetry in hepatopulmonary syndrome. Dig. Dis. Sci. 56, 1862-1868 (2011).
25. El-Shabrawi, M. H. et al. (99m)Technetium-macroaggregated albumin perfusion lung scan versus contrast enhanced echocardi-
ography in the diagnosis of the hepatopulmonary syndrome in children with chronic liver disease. Eur. J. Gastroenterol. Hepatol.
22,1006-1012 (2010).
26. Fragaki, M. et al. Screening for hepatopulmonary syndrome in cirrhotic patients using technetium 99m-macroaggregated albumin
perfusion lung scan (Tc-MAA): Diagnostic approach and clinical correlations. J. Clin. Gastroenterol. 52, 828-834 (2018).
27. Surasi, D. S., Manapragada, P. & Bhambhvani, P. Lung perfusion imaging in hepatopulmonary syndrome using (99m)Tc macroag-
gregated albumin. J. Nucl. Cardiol. 22, 586-588 (2015).
28. Tumgor, G. et al. Childhood cirrhosis, hepatopulmonary syndrome and liver transplantation. Pediatr. Transplant. 12, 353-357
(2008).
29. Rodriguez-Roisin, R. & Krowka, M. J. Hepatopulmonary syndrome—A liver-induced lung vascular disorder. N. Engl. . Med. 358,
2378-2387 (2008).
30. Swanson, K. L., Wiesner, R. H. & Krowka, M. J. Natural history of hepatopulmonary syndrome: Impact of liver transplantation.
Hepatology 41, 1122-1129 (2005).
31. Nio, M., Wada, M., Sasaki, H., Tanaka, H. & Watanabe, T. Long-term outcomes of biliary atresia with splenic malformation. J.
Pediatr. Surg. 50, 2124-2127 (2015).
32. Al-Hussaini, A. et al. Long-term outcome and management of hepatopulmonary syndrome in children. Pediatr. Transplant. 14,
276-282 (2010).
33. Lee, W.S., Wong, S. Y., Ivy, D. D. & Sokol, R. ]. Hepatopulmonary syndrome and portopulmonary hypertension in children: Recent
advances in diagnosis and management. J. Pediatr. 196(14-21), e11 (2018).
Acknowledgements

We acknowledge to all of the patients and co-workers for participating in this study.

Scientific Reports |

(2021) 11:4134 | https://doi.org/10.1038/s41598-021-83785-x nature portfolio



www.nature.com/scientificreports/

Author contributions

K.YK. and J.S.K. designed the study; K.Y.K. analyzed the data; T.H.K. and J.S.K. contributed materials and
analysis tools; K.Y.K. and J.S.K. wrote the manuscript; ] M.L., N.J.Y., H.Y.K,, ].S.M., and J.S.K. gave conceptual
advice; and J.S.K. supervised the study. All authors read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.S.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |  (2021) 11:4134 | https://doi.org/10.1038/s41598-021-83785-x nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinical outcomes and risk factors of hepatopulmonary syndrome in children
	Materials and methods
	Results
	Baseline characteristics and outcomes of HPS patients. 
	Risk factors and outcomes of HPS in children with BA. 

	Discussion
	References
	Acknowledgements


