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Background: The age at Kasai portoenterostomy (KPE) was reported to correlate with the prognosis of patients with biliary atresia (BA) and that a late KPE is bounded to be failure. Herewith, we reported the outcome of patients receiving KPE after day 70 of life. In addition, the prognostic indicators were evaluated.



Materials and Methods: This was a retrospective analysis and all BA patients receiving KPE after day 70 of life in a tertiary centre between 1980 and 2018 were evaluated.



Results: A total of 164 KPE procedures were performed during the study period and 62 cases were done after day 70 of life which were included in this study. The median follow up period of these patients was 10.6 years (range: 4.5 to 41.5 years). Thirty-nine patients (62.9%) patients were able to achieve jaundice clearance at 6 months after KPE. The NLS rate was 53.2% (n = 33) as recorded at the time of writing. There was no statistical difference in the age at KPE between native liver survivors and patients requiring liver transplant. For complications among the native liver survivors (n = 33), portal hypertension and recurrent cholangitis were found in 63.6% and 30.3% of these patients. There was also no significant difference in the age at KPE between those who developed portal hypertension and recurrent cholangitis (p = 0.451 and p = 0.173 respectively). Regarding the prognostic indicators in predicting NLS, pre-KPE bilirubin, alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) were significantly higher among patients requiring liver transplant (p = 0.012, =0.011 and =0.017 respectively). The bilirubin level at 6 months after KPE was also higher among patients who required liver transplant (p = 0.016).



Conclusion: More than half of the BA patients can survive for 10 years with their native liver despite KPE was performed after day 70 of life. However, they have a higher chance to develop BA-related complications. The level of pre-KPE bilirubin and ductal enzymes as well as post-KPE bilirubin are prognostic indicators to predict NLS.
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Introduction

Biliary atresia (BA) is a congenital devastating disease and etiology remains largely unknown (1, 2). Even though BA is rare, a vast majority of burden is imposed on the patients, their families and the community (3). Kasai portoenterostomy (KPE) is the widely accepted surgical treatment for BA. Not uncommonly, KPE could be delayed due to various reasons such as the failure to recognize jaundice and the passage of acholic stool as features of BA (4). While the best timing for KPE remains unclear, most published studies have suggested that the operative outcome is linked to the age of KPE and the later the operation, the worst is the outcome (5, 6). In this study, we reported the outcome of a specific group of BA patients who had received KPE after day 70 of life. Moreover, we would like to analyze if there are prognostic indicators that may predict the native liver survival (NLS) rates when KPE is performed at this age.



Materials and methods

This was a retrospective study conducted in a tertiary referral centre with 50 years of experience in treating BA. Medical records of patients who underwent KPE from 1980 to 2018 were retrieved and KPE performed after day 70 of life were included for analysis. In all cases, the diagnosis of BA was confirmed by surgical exploration to reveal an atretic bile duct with or without operative cholangiogram. KPE was performed according to the conventional open approach at the time when the diagnosis of BA had been established. During the study period, all KPE procedures were performed by 5 surgeons with the same surgical principle across different generations. Since 2004, a 6-week course of oral steroid therapy (4 mg/kg/day with dosage cut half every two weeks) was given to patients after KPE. Patients were excluded from the analysis if their follow up data were incomplete. The primary outcome was NLS rate which is defined as survival with own liver and has not been listed for liver transplant. Secondary outcomes included the development of BA-related complications (7), including portal hypertension (defined as the presence of oesophago-gastric varix and/or hypersplenism) and recurrent cholangitis (an episode of cholangitis was defined by the presence of fever [core body temperature >38.5 degree Celsius] and elevated serum bilirubin level above 20 µmol/L on two consecutive blood samples requiring intravenous antibiotics). Potential prognostic indicators that were analyzed included (1) the age at KPE; (2) serum bilirubin and ductal enzymes before KPE and (3) Post-KPE bilirubin at 1-,3- and 6-month intervals (8–12).

Statistical analysis was performed with IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y., USA). Continuous variables were reported as mean ±SD or median (range) when appropriate. Categorical variables were compared with chi-square test. NLS was estimated with Kaplan-Meier analysis. For all analyses, a p value <=0.05 was considered to be statistically significant. This study has been approved by the Institutional Review Board of the participated centre and was performed according to the Declaration of Helsinki (IRB number: UW20-156).



Results

A total of 181 patients underwent KPE during the study period. Seventeen patients were excluded due to incomplete data. There were an additional of 12 patients receiving primary liver transplant that were not included in this study. Among 164 KPE procedures, 62 (37.8%) were performed after day 70 of life and included for analysis. There were 42 female patients and their mean age at KPE was 82.6 ± 10.4 (day of life). Five patients suffered from syndromic association. Thirty-six patients received post-KPE steroid therapy. The median follow up period was 10.6 years (range: 4.5 to 41.5 years). At 6 months after KPE, thirty-nine patients (62.9%) were able to achieve jaundice clearance (total serum bilirubin below 20 µmol/L). At the time of writing, 33 patients (53.2%) were still living with their native liver and not requiring liver transplant listing. On the other hand, patients who received KPE before day 70 of life (n = 102), their 6-month jaundice clearance rate was 68.6% (n = 70) and NLS rate was 65.7% (n = 67). Using Kaplan Meier analysis to estimate the long term survival of patients receiving KPE after day 70 of life, it was revealed that approximately 50% of them could continue to survive with their own liver in 10 years (Figure 1). The mean age at LT was 21.5 ± 5.4 months. There was no significant difference in the mean age at KPE between native liver survivors and transplanted patients [82.1 ± 10.2 vs. 83.1 ± 9.1 (day of life), p = 0.382]. Next, we performed a sub-group analysis to evaluate the impact of age at KPE on the NLS. The age at KPE was divided into four groups and the percentage of patients requiring liver transplant was 44.4% for KPE at day 70–79 of life; 50% for KPE at day 80–89 of life; 55.5% for KPE at day 90–99 of life and 40% for KPE on or after day 100 of life, p = 0.866 (Figure 2).
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FIGURE 1
Kaplan Meier analysis revealed approximately 50% of patients with KPE after day 70 of life could achieve long term native liver survival.
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FIGURE 2
Comparison of native liver survivors and transplanted patients in different age groups showed a progressive increase in the proportion of patients requiring LT as the age at KPE advanced. (x axis: age at KPE; y axis: number of patient).


Regarding potential prognostic indicators, we observed the pre-KPE bilirubin was lower in the native liver survivors when compared to transplanted patients (100.3 ± 23.1 µmol/L vs. 139.9 ± 37.4 µmol/L, p = 0.012). In addition, the levels of ductal enzyme were also significantly lower in the native liver survivors (ALP: 366.3 ± 154.3 vs. 485.1 ± 291.3 [U/L], p = 0.011; GGT: 466.2 ± 195.4 vs. 538.9 ± 375.6 [U/L], p = 0.017). Post-operatively, there were no significant differences observed in the serum bilirubin level at 1- and 3-month after KPE between the two groups (1 month: 62.7 ± 44.6 vs. 88.1 ± 53.9, p = 0.291; 3-month: 38.9 ± 33.9 vs. 54.0 ± 47.5, p = 0.096). However, native liver survivors had a significantly lower serum bilirubin level at 6 months after KPE (29.6 ± 21.7 µmol/L vs. 47.0 ± 33.5 µmol/L, p = 0.016) (Table 1).


TABLE 1 Comparison of peri-operative liver function between native liver survivors and transplanted patients who underwent KPE after day 70 of life.
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Next, we evaluated portal hypertension and recurrent cholangitis among native liver survivors (n = 33). For portal hypertension, 21 patients suffered from this complication which accounted for 63.6% of all native liver survivors. Ten patients (30.3%) had experienced recurrent cholangitis. The age at KPE did not differ between patients with and without these two complications (portal hypertension: 83.3 ± 9.2 vs. 81.2 ± 12.3 [day of life] p = 0.451; recurrent cholangitis: 84.1 ± 14.5 vs. 80.3 ± 8.4 [day of life], p = 0.173 (Table 2). However, the incidence for both complications was higher than patients who received KPE before day 70 of life Portal hypertension (PHT) and recurrent cholangitis were found in 51.6% and 27.5% of them respectively.


TABLE 2 The mean age at KPE for native liver survivors who suffered from portal hypertension and recurrent cholangitis.
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Discussion

Since the introduction of KPE as the curative treatment for BA, factors affecting the operative outcomes have been studied extensively. The age at KPE has drawn the most attention from researchers and it is generally believed that the timing of operation correlates with the operative outcome (13–16). Early KPE is recommended to avoid the presence of irreversible liver injury due to disease progression. It has been shown that most BA patients generally survive with their native liver for a long period if they undergone KPE before 90 days (17). According to a study before, if KPE can be done before 75 days of age, more than 40% of liver transplantations could be spared (18). Nonetheless, there were also studies reporting satisfactory outcome in an apparently “late” KPE. Controversy exists at whether KPE should be offered to late presenters or these patients should be offered primary liver transplant, due to the higher failure rate (6). Nevertheless, proponents for late KPE concerned about the risk and complications associated with liver transplant, in addition to the scarcity of donor in many places. Our previous report has revealed that that KPE before day 70 of life was associated with a higher chance of successful drainage (19). Therefore, we herewith use day 70 of life as the cut off to evaluate the outcome of a “late” KPE.

Our findings suggested that patients who underwent KPE after day 70 of life still had more than 50% of chance to survive with their native liver for a considerable period of time. This percentage appeared to be higher than one of the earliest studies on “late” KPE by Chardot et al. in 2001 (20). More recently, Uecker et al. also reported the outcome of 11 patients receiving KPE at a mean age of 108 days. A high transplant rate (73%) was observed but the average age at transplant was almost 1.7 years. The authors advocated that KPE should still be the preferred primary treatment option (21). When KPE can successfully restore biliary drainage, liver transplant can be avoided or at least be deferred to an older age when the risk is lower. Even though the technique of liver transplantation is matured in well-established centres, this operation still carries significant risk of morbidity as well as mortality. KPE can also serve as a bridging therapy particular for places where organ supply is in shortage. Transplant recipients have to use life-long immunosuppressant which predisposes them to an immune-deficient status. In the worst case, haematological malignancy can develop (2, 19). The side-effects of immunosuppressant are more prominent in younger patients and hence early liver transplant should be avoided as far as possible. With more than 50% long-term NLS, we concur that KPE should remain the primary treatment even for late presenters.

Our results have shed the light on the feasibility to salvage late presenter by KPE. Indeed, our findings here were similar to a recent study by Khayat et al. that also reported 56% NLS rate among patients with KPE done at a median age of day 77 of life (22). Nevertheless, we admitted that this is over-simplified to recommend that KPE should be offered to all late presenters without precautions. Therefore, in addition to existing knowledge, we attempted to identify prognostic factors that could potentially predict a lower chance of successful operation when it is done after day 70 of life. With this regard, we performed a sub-group analysis to investigate whether the age at KPE would impact on the outcome by dividing them into different age groups. We observed a trend of lower NLS rate as the age at KPE advanced (Figure 2). This is also in line with the general belief that more extensive and irreversible liver damage occurs as the disease is allowed to progress. Although a slight but non-significant improvement was noted in the most advanced group, we believed this could be related to patient selection as some patients with presentation beyond day 100 of life had undergone primary liver transplant and excluded.

It is still unclear from the literature what are the prognostic markers to predict the outcome of patients who received KPE after day 70 of life. Here, we revealed that the pre-KPE serum bilirubin and ductal enzyme levels were significantly lower in NLS than transplanted patients. We chose bilirubin and ductal enzyme to evaluate as these two markers are reflective of the underlying biliary obstruction. This indicated that the severity of biliary obstruction before the operation had a detrimental effect on the operative outcomes. If the obstruction is too severe, the chance of successful post-KPE drainage could be jeopardized. Post-operatively, the serum bilirubin level at 6 months could be outcome-determining. This finding is also supported by previous studies reporting the prognostic value of early post-KPE bilirubin level. Of note, there were no significant difference in the level during the first three months after KPE. Therefore, the prognosis of the patients need not to be determined soon after KPE. On the other hand, by knowing the predictive factors ahead, clinicians can formulate the next management plan in advance to minimize morbidity (23, 24). For patients with poor prognostic indicators, they can be prepared for liver transplant with adequate time. It is always beneficial if the work up can be completed in time especially in places where organ supply from deceased donor is limited. This could also facilitate an early identification of potential living donor. In addition to biochemical index, when we compared the proportion of NLS according to the age at KPE, we noticed a higher proportion of patients would require liver transplant as the age at KPE advanced.

Besides the evaluation of NLS, we were also interested to examine the impact of late KPE on the future development of complications. Portal hypertension and cholangitis are two common BA complications and it is estimated that 50% of BA native liver survivors will suffer from one or both of these (25, 26). In this cohort, the prevalence was slightly higher with approximately two-third of patients suffering disease-related complications. However, we could not detect a significant difference in the age at KPE between patients with and without these complications. This could be related to the small sample size as 33 native liver survivors were included for analysis. Nevertheless, the incidence of both complications was higher than the overall figures as reported in our previous study (PHT: 51.6% and recurrent cholangitis: 27.5%) (19). The findings have enlightened us about the impact of late KPE in the subsequent development of complications. Thus, in addition to a better NLS, we recommend that KPE should be performed before day 70 of life whenever possible to avoid long term complications. Patients who undergo a late KPE should be closely monitored for portal hypertension and cholangitis. Surveillance imaging and endoscopy should be carried out to detect portal hypertension which can be clinically silent but life-threatening. The onset of BA complications can potentially exacerbate the hepatic injury and subject the patient to liver failure.

We acknowledge there are several limitations with this study. As we focused on patients with late KPE, the sample size has been further reduced for this rare disease. In addition, this study is subjected to the bias associated with a retrospective design. The study period was over 40 years and there were inevitably changes in the management details such as operative technique and the use of adjuvant medications. We admitted that this could affect the analysis but the variations in practice have been made minimized by limiting the number of in-charge surgeons who all followed the same surgical principle. The diagnosis of portal hypertension was based on clinical evidence and direct portal measurement has not been carried out. The true prevalence of portal hypertension might therefore be under-estimated as early asymptomatic patients were not diagnosed.

Despite the aforementioned study, we would like to conclude that patients who undergo KPE after day 70 of life are expected to have 50% native liver survival at 10 years follow up. However, early KPE is still preferred as late operation predisposes patients to a higher risk of developing BA related complications. Pre-KPE bilirubin and ductal enzyme levels predict the outcomes of KPE. Post-operatively, the bilirubin at 6 months indicates the prognosis of the patient.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board of Queen Mary Hospital. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

Study design: FL, PHYC. Data Collection: FL, FY. Data analysis: FL, PHYC. Manuscript drafting: FL, PHYC. Critical review: PHYC. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Tam PKH, Chung PHY, St Peter SD, Gayer CP, Ford HR, Tam GCH, et al. Advances in paediatric gastroenterology. Lancet. (2017) 390(10099):1072–82. doi: 10.1016/S0140-6736(17)32284-5

2. Chung PHY, Zheng S, Tam PKH. Biliary atresia: east versus west. Semin Pediatr Surg. (2020) 29(4):150950. doi: 10.1016/j.sempedsurg.2020.150950

3. Masucci L, Schreiber RA, Kaczorowski J, Collet JP, Bryan S. Universal screening of newborns for biliary atresia: cost-effectiveness of alternative strategies. J Med Screen. (2019) 26(3):113–9. doi: 10.1177/0969141319832039

4. Matsui A. Screening for biliary atresia. Pediatr Surg Int. (2017) 33(12):1305–13. doi: 10.1007/s00383-017-4175-3

5. Ando H. A new operation for noncorrectable biliary atresia. Nagoya J Med Sci. (1999) 62(3-4):107–14. doi: 10.1001/archsurg.1960.01300060039009

6. Wong KK, Chung PH, Chan IH, Lan LC, Tam PK. Performing Kasai portoenterostomy beyond 60 days of life is not necessarily associated with a worse outcome. J Pediatr Gastroenterol Nutr. (2010) 51(5):631–4. doi: 10.1097/MPG.0b013e3181e8e194

7. Wong CWY, Chung PHY, Tam PKH, Wong KKY. Long-term results and quality of life assessment in biliary atresia patients: a 35-year experience in a tertiary hospital. J Pediatr Gastroenterol Nutr. (2018) 66(4):570–4. doi: 10.1097/MPG.0000000000001854

8. Serinet MO, Wildhaber BE, Broue P, Lachaux A, Sarles J, Jacquemin E, et al. Impact of age at Kasai operation on its results in late childhood and adolescence: a rational basis for biliary atresia screening. Pediatrics. (2009) 123(5):1280–6. doi: 10.1542/peds.2008-1949

9. Lang T, Kappler M, Dietz H, Harms HK, Bertele-Harms R. Biliary atresia: which factors predict the success of a Kasai operation? An analysis of 36 patients. Eur J Med Res. (2000) 5(3):110–4. doi: 10.1067/mpd.2002.124971

10. Sangkhathat S, Patrapinyokul S, Tadtayathikom K, Osatakul S. Peri-operative factors predicting the outcome of hepatic porto-enterostomy in infants with biliary atresia. J Med Assoc Thai. (2003) 86(3):224–31. doi: 10.1016/s0022-3468(80)80097-2

11. Harpavat S, Finegold MJ, Karpen SJ. Patients with biliary atresia have elevated direct/conjugated bilirubin levels shortly after birth. Pediatrics. (2011) 128(6):E1428–33. doi: 10.1542/peds.2011-1869

12. Harpavat S, Garcia-Prats JA, Shneider BL. Newborn bilirubin screening for biliary atresia. New Engl J Med. (2016) 375(6):605–6. doi: 10.1056/NEJMc1601230

13. Nio M, Wada M, Sasaki H, Tanaka H. Effects of age at Kasai portoenterostomy on the surgical outcome: a review of the literature. Surg Today. (2015) 45(7):813–8. doi: 10.1007/s00595-014-1024-z

14. Raval MV, Dzakovic A, Bentrem DJ, Reynolds M, Superina R. Trends in age for hepatoportoenterostomy in the United States. Surgery. (2010) 148(4):785–91. doi: 10.1016/j.surg.2010.07.028

15. Nio M, Sasaki H, Wada M, Kazama T, Nishi K, Tanaka H. Impact of age at Kasai operation on short- and long-term outcomes of type III biliary atresia at a single institution. J Pediatr Surg. (2010) 45(12):2361–3. doi: 10.1016/j.jpedsurg.2010.08.032

16. Townsend MR, Jaber A, Nader HA, Eid SM, Schwarz K. Factors associated with timing and adverse outcomes in patients with biliary atresia undergoing Kasai hepatoportoenterostomy. J Pediatr-Us. (2018) 199:237. doi: 10.1016/j.jpeds.2018.04.001

17. Lykavieris P, Chardot C, Sokhn M, Gauthier F, Valayer J, Bernard O. Outcome in adulthood of biliary atresia: a study of 63 patients who survived for over 20 years with their native liver. Hepatology. (2005) 41(2):366–71. doi: 10.1002/hep.20547

18. Schoen BT, Lee H, Sullivan K, Ricketts RR. The Kasai portoenterostomy: when is it too late? J Pediatr Surg. (2001) 36(1):97–9. doi: 10.1053/jpsu.2001.20020

19. Chung PHY, Chan EKW, Yeung F, Chan ACY, Mou JWC, Lee KH, et al. Life long follow up and management strategies of patients living with native livers after Kasai portoenterostomy. Sci Rep. (2021) 11:11207. doi: 10.1038/s41598-021-90860-w

20. Chardot C, Carton M, Spire-Bendelac N, Le Pommelet C, Golmard J-L, Reding R, et al. Is the Kasai operation still indicated in children older than 3 months diagnosed with biliary atresia? J Pediatr. (2001) 138(2):224–8. doi: 10.1067/mpd.2001.111276

21. Uecker M, Kuebler JF, Schukfeh N, Pfister E-D, Baumann U, Petersen C, et al. Kasai procedure in patients older than 90 days: worth a cut. Eur J Pediatr Surg. (2021) 32(01):080–4. doi: 10.1055/s-0041-1740556

22. Khayat A, Alamri AM, Saadah OI. Outcomes of late Kasai portoenterostomy in biliary atresia: a single-center experience. J Int Med Res. (2021) 49(5):03000605211012596. doi: 10.1177/03000605211012596

23. Shneider BL, Brown MB, Haber B, Whitington PF, Schwarz K, Squires R, et al. A multicenter study of the outcome of biliary atresia in the United States, 1997 to 2000. J Pediatr-Us. (2006) 148(4):467–74. doi: 10.1016/j.jpeds.2005.12.054

24. Howard ER, MacLean G, Nio M, Donaldson N, Singer J, Ohi R. Survival patterns in biliary atresia and comparison of quality of life of long-term survivors in Japan and England. J Pediatr Surg. (2001) 36(6):892–7. doi: 10.1053/jpsu.2001.23965

25. Ng VL, Haber BH, Magee JC, Miethke A, Murray KF, Michail S, et al. Medical status of 219 children with biliary atresia surviving long-term with their native livers: results from a North American multicenter consortium. J Pediatr-Us. (2014) 165(3):539. doi: 10.1016/j.jpeds.2014.05.038

26. Bessho K. Complications and quality of life in long-term survivors of biliary atresia with their native livers. J Pediatr-Us. (2015) 167(6):1202–6. doi: 10.1016/j.jpeds.2015.08.041



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The outcome of Kasai portoenterostomy after day 70 of life

		Introduction



		Materials and methods



		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics






OPS/images/fped-10-1015806-g001.jpg
Native Liver Survival

e
k3

o
=

Years after KPE





OPS/images/fped-10-1015806-g002.jpg
14

12

o

D70to 79

D80 to 89 D90 to 99

Transplanted mNLS

D100 or above







OPS/images/fped-10-1015806-t002.jpg
hypertension +ve

hypertension -ve

P
value

(n=21) (n=12)
Mean Age at 8122123 0451
KPE (days)
Recurrent Recurrent
cholangitis +ve  cholangitis ~ve
(n=10) n=
Mean Age at 841145 80384 0173

KPE (days)







OPS/images/fped-10-1015806-t001.jpg
Native Liver Survivors (n=33)

Patients Transplanted (n =29)

Mean age at Kasai (day of life)
Mean value for pre-KPE bilirubin (umol/L)

Mean value for pre K]

LP (U/L)
Mean value for pre-KPE GGT (U/L)
Mean value for postKPE bilirubin at 1 month (umol/L)
Mean value for post-KPE bilirubin at 3 months (jmol/L)
Mean value for post-KPE bilirubin at 6 months (umol/L)

821102
1003 23.1
366.3 = 154.3
466.2+ 195.4
627446
389339
296+21.7

831291
139.9+37.4
485.1+291.3
538.9+ 375.6
88.1+539
540+475

47.0+ 335

0382
0.012
0.011
0.017
0291
0.096
0.016





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





