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Background: Biliary atresia (BA) is a severe neonatal progressive cholangiopathy of unknown etiology. A timely Kasai portoenter-
ostomy (KPE) improves survival of the native liver in patients with BA, although liver transplantation remains the ultimate treatment 
for most (60%–80%) patients. However, postoperative adverse effects of liver transplantation may be significant. In addition, patients 
require lifelong immunosuppressive therapy after liver transplantation.
Case Summary: Here, we report a case of a newborn female baby (birthday: 10–03-2018) with congenital BA (confirmed at 76 days 
of life) who survived KPE (first surgery at 85 days of life) and underwent successful living-related liver transplantation (LRLT) 
(second surgery at 194 days of life). Additionally, we reviewed the existing literature on BA. After KPE (at 85 days of life), the liver 
function of the baby did not improve, and the indicators of liver and kidney function showed a trend of aggravation, indicating that the 
liver function had been seriously damaged before KPE (at 85 days of life), demonstrating the urgent need for liver transplantation 
surgery. The female baby survived after part of her father’s liver was successfully transplanted into her body (at 194 days of life). The 
patient recovered successfully. No other diseases were found at the 4-year follow-up, and all indices of liver and kidney functions 
tended to be normal.
Conclusion: This case highlights the following. Postoperative alkaline phosphatase was consistently above the normal range, 
although the reason for this was unclear; neither tacrolimus nor cyclosporine A has formulations designed specifically for infants, 
which does not meet the needs of clinical individualized medication, suggesting that these anti-rejection drugs are future development 
directions. Only one case of congenital BA has been found thus far in Hefei, and this case has extremely important reference 
significance for the prevention, treatment, and diagnosis of BA in Hefei, Anhui province.
Keywords: biliary atresia, Kasai portoenterostomy, living-related liver transplantation, immunosuppressive drug, therapeutic drug 
monitoring

Introduction
Biliary atresia (BA) is a rapidly progressive biliary disease in children caused by fibrosis and obstruction of extrahepatic 
bile ducts, with a median survival time of 19 months.1,2 The disease manifests as neonatal jaundice and rapidly 
progresses to cholestatic liver fibrosis and cirrhosis within the first few weeks of life, making it the most common 
indication for pediatric liver transplantation worldwide; however, the pathophysiological basis of BA is currently 
unknown.1–3 BA is mainly characterized by progressive fibrosis and inflammation of intrahepatic and extrahepatic bile 
ducts, resulting in bile duct blockage and cholestasis, which eventually leads to cholestatic cirrhosis and liver failure.4 
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Newborn babies with BA often show yellow skin and sclera, pruritus, dysplasia, pale stool, dark urine, hepatospleno-
megaly, and abdominal distension.5 Successful treatment of BA requires the removal of the biliary obstruction as soon as 
possible. Of newborn babies with BA accompanied by bilirubin under 6 mg/dL who undergo Kasai portoenterostomy 
(KPE) under 30 days of age, 70% survive to two years of age with a native liver. However, this number drops to 50% and 
0%, respectively, by age 90 days and >120 days.6 Although the pathogenesis of BA is unknown, it may be related to 
autoimmune factors, virus infection, and toxin-mediated inflammation.7 Investigators have recently revealed cases of BA 
in the same family and a higher incidence in some parts of the world (eg, Asian countries), suggesting that genetic 
predisposition contributes to the disease, and thus propose a genetic inheritance.8 Modern genetic analysis has identified 
genetic variants responsible for BA, thus shifting the paradigm for explaining the phenotype of BA from acquired causes 
(eg, viruses, toxins) to genetically altered cholangiocyte development and function.9 A recent genome-wide association 
study of 336 infants with non-syndromic BA and 8900 controls in China identified an association between an rs17095355 
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site in the ADD3 gene and the risk of BA (odds ratio (OR) = 1.70, 95% confidence interval (95% CI) = 1.49–1.99), 
although the signal of association between HLA genes and genetic susceptibility to BA is weak and may play only 
a small role in the genetic susceptibility to BA.10 With the continuous progress shown in medical technology, the 
classification of BA has become increasingly accurate.4,7,11 The current classification and frequency of BA phenotypes 
are as follows: isolated BA (67%–89%, accounting for the highest incidence by far), syndromic BA (4.9%–10%), cyst 
BA (5%–22.4%), and cytomegalovirus-associated BA (5%–9.5%).7 The principal feature of isolated BA is biliary 
obstruction, followed by jaundice and cholestasis in the later stages.7 Both KPE and liver transplantation are effective 
and successful treatments for BA, but they continue to present many challenges.12 If surgery is not performed in time, 
most patients die within 2 years.11 For infants with congenital BA, the age of operation is critical to the postoperative 
survival time and prognosis, as severe cholestasis can cause serious damage to the liver of a newborn baby.6 Most studies 
have shown that delayed diagnosis and treatment of more than two months is generally associated with poorer natural 
liver survival for infants with congenital BA.6 Recently, with the development of living-related liver transplantation 
(LRLT) technology and the improvement of human medical knowledge, living-related liver has become the main source 
of donor liver for babies with congenital BA.13

Case Report
Even though there are a large number of extant studies on the prevention, treatment, and diagnosis of congenital BA in 
PubMed and ScienceDirect, we considered this topic novel, primarily because of the rarity of this disease.4,11,14–16 The 
disease occurs on all continents, with variable geographic frequencies ranging from 1 in 5000 in Taiwan to an estimated 1 
in 15,000 in the United States; no exact statistical data exist for the Chinese Mainland, and its incidence rate may be 
higher than 1/5000.4,11 BA is most common in East Asian countries, more common in Asia and Africa than in Europe, 
and more common in women than in men. French Polynesia has the highest rates (1:3500), with the chief reason related 
to intra-group marriage in isolated island populations; however, few epidemiological studies of BA have provided clues 
as to its etiology (Figure 1).13,16 Our patient was a 4-year-old girl born on October 3, 2018, weighing approximately 
3.8 kg. Neonatal jaundice was found at birth. Her mother underwent rigorous physical examination during pregnancy, 
and 4-dimension color Doppler ultrasonography of the fetal gallbladder at 24 weeks of gestation did not reveal any 
abnormal cysts. The baby had persistent jaundice after birth, liver function test results showed high levels of direct 
bilirubin (DBIL), indirect bilirubin (IBIL), and total bilirubin (TBIL) three weeks after birth, and was suspected of 
congenital BA by B ultrasound examination of the biliary tract 2.53 months after birth, which was confirmed by 
cholangiography at 76 days of life (According to Chinese expert consensus on BA, cholangiography is the most reliable 
diagnostic method for BA so far). With the extensive progress in medical and life sciences, the classification of BA has 
become increasingly accurate.11,15,17 After careful re-review of our patient’s medical record, we ascertained that the 
patient’s disease was diagnosed as typical congenital BA, and that it reflected solid porta hepatis, because the most 
proximal part of the extrahepatic biliary tract within the porta hepatis of the patient was entirely solidified (Figure 2A). 
According to the classification criteria proposed by Hartley, the present case belongs to type 3, accounting for 90% of the 
total number of BA patients, and the case is also designated as typical type 3 (solid porta hepatis) according to the 
classification criteria proposed by Tomita (Figure 2B).11,17 The patient had no consanguineous marriage in her immediate 
three generations, no similar disease in her family history, and her immediate family members were all in good health, 
including her elder sister. Strikingly, the results of genetic testing showed no abnormalities, which is in agreement with 
previous studies, suggesting that this genetic detection technology cannot exclude congenital BA.18 The clinical features, 
course, and outcome of BA have been well described. In newborn babies with BA, jaundice typically persists and the 
appearance of signs of cholestasis, such as dark urine and pale stools, follow.18 The current diagnosis of congenital BA 
mainly includes clinical diagnosis, laboratory diagnosis, imaging diagnosis, and pathological diagnosis. The clinical 
diagnosis of congenital BA primarily includes white clay-colored stools, yellow brown urine, and jaundice; accompanied 
by abdominal distension, dysphoria, irritability, feeding difficulties, skin itching, and other manifestations (Figure 2C). 
Laboratory diagnosis primarily comprises serum levels of TBIL, DBIL, IBIL, ALT, AST, ALP, and coagulation function 
(Figure 2D). In addition, imaging diagnosis encompasses ultrasonography, MRI, CT, cholangiography, and nuclear 
medicine biliary imaging. The modalities commonly used in clinical cholangiography include percutaneous transhepatic 
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cholangiography, endoscopic retrograde cholangiography, laparoscopy-assisted cholangiography, intraoperative cholan-
giography (IOC), intraoperative angiography, and postoperative angiography. Nuclear medicine hepatobiliary imaging 
constitutes the most advanced non-invasive method at present. By injecting a radioactive tracer into a vein, tracking the 
radiotracer can show the location and degree of BA. For example, a previous study reported that technetium 99m– 
diisopropylphenylcarbamoylmethyl-iminodiacetic acid (DISIDA) scintigraphy exhibited 100% sensitivity, but that the 
specificity of the DISIDA scan was only 70.4%.19 Imaging examination is one of the important means to diagnose BA, 
while the chief pathological diagnosis is liver biopsy, and while liver biopsy is the most accurate method to diagnose BA, 
the disadvantage is that it generates trauma to the body.20 In summary, BA can be diagnosed more accurately through the 
combination of clinical diagnosis, laboratory diagnosis, imaging diagnosis, and pathological diagnosis (Figure 2C). 
However, in our case, no white clay stools were observed. Otherwise, doctors can initially diagnose a baby with 
congenital BA in advance. This is inconsistent with former literature, which suggests that this indicator is not 
a characteristic indicator of the disease (Figure 2E).7,13 Before the first KPE surgery (at 85 days of life), all liver 
function indices well exceeded the normal value, suggesting severe liver dysfunction due to cholestasis (Figure 3A). The 
baby underwent KPE at the age of 2.83 months or 85 days of life. Unfortunately, the conditions were not improved after 
KPE. Therefore, at 194 days of life, the baby underwent the second LRLT surgery (Figure 3A), followed by lifelong 
immunosuppressive therapy after liver transplantation (Figure 3B and C). In Figure 4, at 113 days of life, we can see that 
the test results of serum TBIL (D), DBIL (E), IBIL (F), TBA (G), ALT (H), AST (I), GGT (J), ALP (K), and LDH (M) 
far exceeded the normal range (red straight bar). Additionally, serum ADA (C) could not be determined, likely because 
the result exceeded the detection limit of the advanced automatic biochemical analyzer in our hospital (Beckman Coulter, 
AU5800, USA). In contrast, UREA (A) and CREA (B) were below the normal range (green straight bar). CK was the 
only index that remained normal (L). Almost all the liver and kidney function indices of serum deviated from the normal 

Figure 1 Epidemiology of biliary atresia (BA) worldwide (words in red for emphasis).
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range, but jaundice eased and CK remained normal. The baby had a chronic lack of appetite and stopped gaining weight, 
suggesting that preoperative cholestasis due to BA caused permanent and irreversible liver damage. Therefore, after 
consultation, the doctors decided that the patient was in urgent need of a liver transplantation.

At 194 days of life, 6.47 months after birth, the baby underwent the second surgery, one of the biggest and most 
complicated surgeries of her life, LRLT, with her father as the donor. Doctors removed the patient’s badly damaged liver, 
then transplanted a portion of a healthy liver from her father into the baby’s body. Pathological findings revealed that the 
removed liver of the baby had been severely damaged by chronic cholestasis, with severe signs of liver fibrosis and 
cirrhosis (data not shown). The risky operation lasted 6 h and cost approximately $30,000. Fortunately, the transplanta-
tion was successful. After surgery, persistent jaundice resolved quickly and completely without oral ursodeoxycholic 
acid. Additionally, no glucocorticoids were used. In Figure 4, on 307 days of life, the test results of serum UREA (A), 
CREA (B), ADA (C), TBIL (D), DBIL (E), IBIL (F), ALT (H), AST (I), GGT (J), and CK (L) were all within the normal 
range. Additionally, serum TBA (G) could not be determined, possibly because the newly transplanted liver was not yet 
fully functional in the patient’s body. In contrast, the levels of ALP (K) and LDH (M) were beyond the normal range, 
although the reason for this is unclear. An immunity inhibitor was administered to prevent acute rejection and its 
concentration in the blood was tested regularly (Figure 3B and C). Almost all of the liver and kidney function indices of 
serum were in the normal range except for ALP (Figure 4K) and LDH (Figure 4M). The patient gradually recovered and 
gained weight, suggesting that the second surgery (LRLT) was successful. After two major surgeries, the baby girl 
survived, and the clinical course is shown in Figure 3A.

Figure 2 (A) Classification criteria of biliary atresia (BA). (B) Clinical presentation of BA (words in red for emphasis). (C) Diagnostic features in BA. (D) The present 
medical case belongs to type 3 (words in red for emphasis). (E) Developmental history of KPE and liver transplantation worldwide (words in red for emphasis).
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The baby recovered gradually after surgery and was regularly given an immunity inhibitor to prevent acute rejection 
(Table S1). During administration, we found that Tacrolimus (Tac) had a narrow therapeutic window (3.0–5.0 ng/mL) 
(Figure 3B), and as a result, was replaced with cyclosporine A (CsA), with a wider therapeutic window (100.0–200.0 ng/ 
mL). The dynamic blood concentrations of Tac and CsA in the baby are shown in Figure 3B and C. Therapeutic drug 
monitoring (TDM) results showed that the baby’s blood concentration increased rapidly to the maximum value and 
exceeded the normal range 2 h after taking CsA orally, before decreasing slowly to the normal value (Table S1). 
However, as long-term high concentrations of CsA in the blood may cause adverse reactions, especially in the kidney, we 
dynamically recorded the renal function indicators (UREA, CREA, and ADA, Table S2).21 The results showed that the 
serum concentrations of UREA, CREA, and ADA tended to be normal (Figure 4A–C). Previous studies have shown that 
long-term oral immunosuppressive CsA may cause diarrhea, although we noted no diarrhea induced by prolonged oral 
CsA. At present, there is no special oral sustained and controlled release preparation of CsA for babies, and the results 
suggest that this kind of preparation of anti-rejection drugs is a future development direction.

The liver function of the baby was severely impaired before the liver transplantation, possibly because a large amount 
of bile produced by the liver could not be excreted properly into the gallbladder, resulting in massive cholestasis in the 
liver, resulting in severe liver damage. Soon after the first operation at 113 days of life, the liver function indices 

Figure 3 Clinical course of the baby and results of TDM for ISD. (A) Clinical history (timeline) of the baby (words in red for emphasis). (B) Dynamic whole-blood Tac valley 
concentration monitoring. ISDs are the key to anti-rejection treatment after organ transplantation in the effective therapeutic range. After liver transplantation, the ISD Tac 
is taken orally, but its therapeutic window is narrow and it is difficult to control its effective blood concentration with an oral dose. From 317 days of life to 383 days of life, 
the concentration of the drug in the blood of the baby far exceeded the normal range, resulting in renal toxicity (border colour in red for beyond the normal range). (C) 
Dynamic whole-blood CsA valley concentration monitoring shows a wide therapeutic window and an easily controlled oral dose of CsA. After dose adjustment, the effective 
blood concentration can be controlled within a stable range (black column) from 397 days of life to 1367 days of life, reducing adverse reactions to the liver and kidney 
(border colour in red for beyond the normal range, border colour in green for below the normal range).
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Figure 4 Postoperative dynamic monitoring of renal and liver function indices in serum. The renal function indices include UREA (A) CREA (B) and ADA (C) The liver 
function indices include TBIL (D) DBIL (E) IBIL (F) TBA (G), ALT (H) AST (I) GGT (J) ALP (K) CK (L) and LDH (M) Red indicates that the value is above the normal range, 
and green indicates that the value is below the normal range. Tac was changed to the oral ISD CsA at 397 days of life.
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including TBIL (Figure 4D), DBIL (Figure 4E), IBIL (Figure 4F), and TBA (Figure 4G) were still far beyond the normal 
range, which may be due to the original liver damage or the fact that the donor liver was taken from an adult.22 After 
the second operation (at 194 days of life), the liver function was tested regularly, and the results showed that these four 
indicators gradually tended to be normal, suggesting gradual recovery of both the liver function and the body. 
Additionally, three important indices of liver function, ALT (Figure 4H), AST (Figure 4I), and GGT (Figure 4J), 
gradually returned to normal after the second surgery-liver transplantation (at 197 days of life, Table S2). Dynamic 
monitoring results indicated that the newly transplanted liver gradually began to function normally in the baby, with 
normal bile secretion and excretion, and successful LRLT.

Dynamic monitoring showed that the baby’s postoperative ALP was consistently above the normal range, but tended 
to decline overall (Figure 4K, Table S2). Although the reason for this remains unclear, it may be due to incomplete 
recovery of transplanted liver function.23 Additionally, previous studies have found that ALP often exceeds the normal 
range during infant development, and the higher ALP in this case may also be related to the rapid growth of the body.24 

Moreover, four dynamic monitoring test results showed that CK in blood was below normal (green straight bar), but the 
long-term results tended to be normal (Figure 4L). Furthermore, another biochemical index of liver function, LDH, in the 
baby’s blood was beyond the normal range, but generally tended to decline, and may be restored to the normal range in 
the future (Figure 4M). In conclusion, the baby recovered well after liver transplantation.

Interestingly, several postoperative blood routine tests revealed mild anemia in the infant, which has not been reported 
in previous studies (at 1274 days of life). This is a rare adverse effect of oral CsA. We do not know the specific cause of 
the anemia, but it may be related to the long-term use of immunosuppressive drugs (ISDs). Additionally, previous studies 
have shown that CsA binds to blood cells and plasma proteins at a high rate, and CsA is rapidly distributed into 
erythrocytes after oral administration, with 60%–75% taken up by blood cells; however, thus far, there have been no 
reports of CsA destroying erythrocytes. Furthermore, hematocrit levels were lower than the normal range in some blood 
routine tests.

The results of abdominal color Doppler ultrasound at 1298 days of life showed that the transplanted liver was 
complete in shape and smooth in the surface, with a portal vein flow rate of 51 cm/s, suggesting that the transplanted liver 
played a normal role in the body (Figure 5A–D). The follow-up was conducted at 1383 days of life, during which 
abdominal color Doppler ultrasound revealed no lump, seroperitoneum, and abnormal flow in the abdominal cavity and/ 
or around the appendix (Figure 5E–G). Therefore, no lump and other abnormalities caused by long-term use of ISD were 
found in the major organs and/or tissues of the abdomen.

In conclusion, all liver function indices of the baby’s blood after KPE and LRLT tended to be normal except for ALP, 
and the test results indicated that the LRLT was successful. Patients undergoing liver transplantation should be treated 
with lifelong ISD. Currently, the most commonly used ISDs are Tac and CsA. Here, CsA was regularly taken orally and 
the blood concentration was tested in parallel to maintain a normal blood concentration level and reduce adverse 
reactions (Table S1). After adjusting the ISD dosage, the effective blood concentration was maintained within the normal 
range, and the adverse reactions caused by long-term drug use were reduced. No abnormalities were found in the renal 
function monitoring indicators. This present case is significant since there are eight million residents in Hefei, but only 
one case of congenital BA has been discerned thus far. At present, the patient is recovering well after two major 
operations and is now approximately six years of age. Therefore, the occurrence of this case reflects extremely important 
reference significance for the prevention, treatment, and diagnosis of congenital BA in Hefei, Anhui province.

Discussion
Diagnosis of BA
BA is typically seen in full-term, normal birth-weight infants, and is characterized by jaundice shortly after birth, with 
lighter stool color and darker urine color. Abdominal B ultrasound showed an enlarged liver without bile duct dilatation 
and no gallbladder or small gallbladder observed after 4 h of fasting. However, a normal gallbladder does not rule out 
BA. Ultrasonography of hilar fibrous mass (triangle sign) is a specific manifestation of BA, but depends on the 
experience of the operator, with a sensitivity of 49%–75%. Isotope hepatobiliary imaging, duodenal fluid drainage, 
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liver biopsy, and pathologic endoscopic retrograde cholangiopancreatography are also helpful in differential diagnosis. If 
external BA cannot be ruled out after the above examination, laparoscopic or open cholangiopancreatography should be 
performed in time.

Patients Undergoing Liver Transplantation Must Take Lifelong ISD to Prevent 
Rejection
Congenital BA is characterized by the obstruction of bile ducts inside and outside the liver, which can lead to biliary 
cirrhosis in babies and eventually liver failure.1,4 At present, KPE is the preferred treatment for BA.5,6 However, the 
effect of KPE is directly related to the age of the baby at the time of the operation because the earlier the operation, the 
better the effect. Previous studies have demonstrated that KPE surgery should be performed before the first 3 months of 
life, preferably with a definitive diagnosis before 2 months of life, and KPE surgery performed within 45 days (1.5 
months) of age can achieve the best bile flow recovery rate and long-term survival rate. Additionally, infants with BA 
who receive KPE alone may still require liver transplantation before adulthood because of previous severe liver damage. 
In this case, the baby was diagnosed with congenital BA 76 days (2.53 months) after birth and underwent KPE surgery 
85 days (2.83 months) after birth. The liver and kidney function of the baby did not improve but worsened after the first 
surgery (KPE) because of the delay in the optimal operation time, indicating that the liver had been seriously damaged 
before KPE (Table S2). Therefore, the doctor decided to perform liver transplantation after consultation. It is necessary to 

Figure 5 Abdominal color Doppler ultrasonography showed normal transplanted liver, bile, and renal function (at 1298 days of life), and no lump, seroperitoneum, and 
abnormal flow in the abdominal cavity and/or around the appendix (at 1383 days of life) (words in red for emphasis). (A and B) The transplanted liver was regular in shape, 
smooth in surface, homogeneous in parenchymal echo and even in light spot. The portal vein blood flow velocity at the portal was 51 cm/s. The inner diameter of the 
inferior vena cava was not wide and the inner diameter of the common bile duct was not expanded. (C and D) Both kidneys were normal in shape and size, with a clear 
outline, complete and smooth renal capsule, uniform echo in parenchyma, and concentrated echo in the collecting system. No obvious abnormal echo was observed. (E–G) 
Abdominal color Doppler ultrasound revealed no lump, seroperitoneum, and abnormal flow in the abdominal cavity and/or around the appendix.
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maintain sufficiently high vigilance for BA to make a clear diagnosis and perform surgery as soon as possible. Liver 
transplantation is the most effective treatment for congenital BA in babies.7,11 It has been reported that the survival rate 
of babies after transplantation is close to 90%, and the earlier a liver transplantation is performed, the better the 
effect.11,13 However, complications after liver transplantation in babies still cannot be ignored or avoided.21,22 How to 
effectively prevent and treat complications after liver transplantation in babies remains a clinical concern.

ISD Against Acute Rejection Reaction
Acute rejection reaction is the most common rejection reaction and one of the most serious complications after liver 
transplantation. Acute rejection reaction, which is seen after liver transplantation, usually occurs any time between the 
5th and 15th days after surgery.25 If the post-liver transplantation patient has recurrent fever, increased bilirubin and 
aminotransferase, and persistent abdominal distention after surgery, acute liver rejection should not be excluded.26 Tac, 
mycophenolate mofetil, and intravenous administration of methylprednisolone can be used for acute rejection reactions.27 

Here, as the above symptoms did not occur when the baby regularly took the ISD Tac after liver transplantation, acute 
rejection reaction was excluded. On the FDA website, the biomarker for Tac is CYP3A5*3. For routine clinical 
application of Tac, the steady-state serum C0 of Tac should be adjusted to the effective concentration range under the 
guidance of TDM. Currently, the information provided by the FDA indicates that determination of the CYP3A5 genotype 
before transplantation improves understanding of the metabolic characteristics of Tac before surgery, which allows the 
most appropriate drug and dose to be selected in the early postoperative initial treatment and ensures that the 
concentration of Tac can be adjusted to the effective concentration once or twice. The goal is to maximize the efficacy 
of the drug.

CsA is a potent ISD that can reversibly act on lymphocytes, inhibit cell-mediated immune responses (including 
alloimmune response), and inhibit the synthesis and release of lymphocytes, blocking stationary lymphocytes in the early 
G0 and G1 phases of the cell cycle. In this way, the survival time of allografts can be prolonged, and humoral and host 
immunity can be inhibited. CsA does not inhibit erythropoiesis and does not affect the function of phagocytic cells. 
Common side effects of CsA include anorexia, nausea, vomiting and other gastrointestinal reactions, gingival hyperpla-
sia, and occasionally hyperglycemia anemia hyperuricemia. After kidney transplantation, in the short term, the erythro-
poietin in the body cannot reach a normal level, which affects the hematopoietic function of the bone marrow, resulting in 
a low number of red blood cells (RBCs) and low hemoglobin (HGB) content. Here, the recent blood routine examination 
revealed that the RBC, HGB, HCT, and mean platelet volume of the baby were all at lower-than-normal levels (at 1273 
days of life), although the reason is unclear, and further study is needed.

The oral absorption of CsA is irregular and incomplete, and individual differences are large. The oral peak time of 
CsA is about 3.5 h, and it is mainly absorbed in the small intestine. The bioavailability of CsA is approximately 30% and 
can be increased with the extension of treatment time and the increase in drug dose. Absorption of CsA can be reduced in 
patients with liver disease or gastrointestinal dysfunction after liver transplantation. The binding rate of CsA with plasma 
protein is up to 90% (mainly binding with plasma lipoprotein). After absorption, CsA is distributed in all tissues of the 
body, mostly in the fat, liver, pancreas, lung, kidney, renal gland, spleen, and lymph nodes (the concentration in these 
tissues is higher than that in plasma). In the blood, 33%–47% of CsA is distributed in plasma, 4%–9% in lymphocytes, 
5%–12% in granulocytes, and 41%–58% in RBCs. CsA is metabolized by the liver and affected by the P450 enzyme; it is 
almost completely metabolized in the body. CsA has at least 15 metabolites, some of which have immunosuppressive 
activity. CsA is mainly excreted in the intestine with bile (94%) and in the stool, while only 6% is excreted by the 
kidneys, and less than 0.1% of the original substance is excreted from the urine. The plasma half-life of CsA is 19 (10– 
27) h for adults and only 7 (7–19) h for children.

Selection of ISD in This Case
Calcineurin inhibitors (CNIs), represented by Tac and CsA, are the most widely used ISDs in clinical practice.28 CNIs 
play their roles by inhibiting T cell activation and mixed lymphocyte reaction.28 The inhibitory effect of Tac is more than 
10 times that of CsA, but as the liver toxicity of Tac is lower than that of CsA, Tac is the first choice in clinical practice.29 

However, both Tac and CsA can cause hepatotoxicity and nephrotoxicity.29 Here, the baby was given a normal dose of 
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Tac regularly after surgery, but the results of TDM showed that the blood drug concentrations were all above the normal 
range (Table S1). Additionally, the therapeutic window of Tac is narrow (3.0–5.0 ng/mL) (Instruction of Siemens 
Healthcare Diagnostics Inc), which makes it difficult to control the dosage of infants.30 Therefore, Tac was replaced 
with regular oral doses of CsA, which has a wide normal effective range of blood drug concentration (100–200 ng/mL) 
(Instruction of Siemens Healthcare Diagnostics Inc) and an easily controlled dosage in babies (Table S1).31 To prevent 
liver and kidney toxicity caused by ISD, we recorded all serum indices of liver and kidney function in the baby in detail. 
Serum UREA and CREA increase when renal function is impaired (Table S2). Here, from 307 days of life to 393 days of 
life, serum UREA continued to increase after oral Tac (Figure 4A). Additionally, most test results of serum CREA were 
within the normal range after oral Tac, but all were at high levels from 307 days of life to 393 days of life (Figure 4B). 
On 359 days of life, both serum UREA and CREA could not be determined, likely due to the levels far exceeding the 
detection limit. Serum UREA and CREA are important indicators of renal function injury induced by drugs. These results 
suggest that oral administration of the ISD Tac during the postoperative period from 307 days of life to 393 days of life 
impaired the renal function of the baby. After changing to oral ISD CsA at 397 days of life, the serum UREA and CREA 
were mostly in the normal range and tended to be completely normal in the later stage from 408 days of life to 1367 days 
of life (Table S2). Many studies have reported that the nephrotoxicity of Tac is lower than that of CsA; however, we 
found the opposite result, in that these two renal function indices tended to be normal after long-term oral administration 
of CsA. We do not know the exact reason for this, which may be related to individual differences in medication. ADA is 
an enzyme that hydrolyzes adenosine in vivo and is central to the normal function of the immune system. Our previous 
studies found that inhibition of the adenosine pathway could alleviate alcoholic liver fibrosis in rats.32 Here, the serum 
ADA levels tended to be normal when CsA was used instead of Tac after 397 days of life, suggesting that CsA was less 
toxic to the immune system (Figure 4C).

Interestingly, most of the seven tested serum liver function indices, including TBIL (Figure 4D), DBIL (Figure 4E), 
IBIL (Figure 4F), ALT (Figure 4H), AST (Figure 4I), GGT (Figure 4J), and CK (Figure 4L), were within the normal 
range (Table S2). However, when Tac was replaced with CsA, the serum liver function indices were more stable in the 
normal range, especially those of TBIL (Figure 4D), DBIL (Figure 4E), ALT (Figure 4H), AST (Figure 4I), and GGT 
(Figure 4J). Additionally, oral ISD Tac showed that four test results of serum IBIL (Figure 4F) and CK (Figure 4L) were 
below the normal range (green straight bar), and after switching to CsA, only two test results were below the normal 
range. Additionally, the test results of serum AST (Figure 4I) were stable and within the normal range. These results 
suggest that the ISDs Tac and CsA have little effect on the liver function of the baby, and that the transplanted liver 
gradually plays a normal function in the body. Serum TBA is mainly used in the diagnosis of various liver diseases and is 
one of the most sensitive indicators of liver function. When hepatocytes are damaged, they cannot effectively absorb bile 
acids from the intestine, resulting in increased concentrations of TBA. Here, from 434 days of life to 669 days of life, we 
found that six test results of serum TBA (Figure 4G) were above the normal level (red straight bar). Although we do not 
know the exact reason for this result, it may be related to the temporary increase in serum TBA level caused by the short- 
term high-protein diet of the baby. Therefore, the diet and nutrition of patients after liver transplantation is another 
important research direction. From 717 days of life to 1367 days of life, all test results of serum TBA were at the normal 
level (Table S2). It is clear that long-term oral CsA is less toxic to the liver, and that the transplanted liver gradually 
functions normally in the body of the baby.

BA Survival and Five-Year Survival
A successful KPE delays the need for an emergency liver transplant in early infancy and not only offers the potential for 
longer native liver survival (NLS) into adulthood but also provides valuable time in the search for a suitable liver 
donor.13 Anouti et al conducted an updated assessment of 1052 transplanted pediatric and adult BA patients in the United 
States from 2010 to 2021 using the UNOS database, and their results showed that there were 441 (20.0%) living donor 
liver transplantations (LDLTs) and 611 (27.7%) split deceased-donor liver transplantations.33 In the United States, the 
number of annual surgeries for BA liver transplantation was stable (an average of 182±16), while the number of surgeries 
for BA LDLT rose from 28 in 2010 to 55 in 2021, and the five-year graft survival rate for BA patients was 88.3% 
compared with 79.5% for non-BA elderly patients.33 Five-year observation and relative survival estimates are widely 
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used in studies of patients with congenital BA and liver transplantation as they provide a general description of disease 
outcomes and are useful for monitoring and comparative purposes.15,34,35 Previous research by Chardot et al has revealed 
that BA patients exhibit a 30% chance of reaching adulthood without liver transplantation, and several large retrospective 
studies in Japan and other Western countries have focused on the long-term outcomes of liver transplantation for BA, 
reporting five-year and 10-year graft survival rates of 68.0%–98.0% and 71.0%–90.0%, respectively. An estimated 50% 
(20%–73%) of late-onset acute rejection and 15% (3%–35%) of transplant failures are associated with poor medication 
adherence after liver transplantation.34 Chardot et al reviewed all 1107 BA patients born in France between 1986 and 
2009 and found that 1044 (94%) BA patients had undergone KPE surgery and 38% of BA patients had complete 
abrogation of jaundice (serum TBIL≤ 20 μmol/L).35 Results showed that five-year, 10-year, and 20-year NLS rates after 
KPE surgery were 40%, 36%, and 30%, respectively; and that the NLS rates at one, two, three months and 20 years after 
KPE surgery were 39%, 32%, 28%, and 19%, respectively. A total of 588 children received 692 liver transplantations, 
and the overall survival rates for BA patients at five, 10, and 20 years were 81%, 80%, and 77%, respectively.35 As 
reported by Matsui, a program that screened 313,230 infants in Japan’s Tochigi Prefecture between 1994 and 2011 
demonstrated NLS rates of BA children at five, 10, and 15 years of 88%, 77%, and 49%, respectively.15 Authors of 
a Chinese population-based study estimated clinical data from 244 consecutive patients who underwent KPE and found 
that the overall median NLS rates were 41.2 months (95% CI, 30.8–51.6 months), and that the one-year, three-year, and 
five-year NLS rates were 85.4%, 61.1%, and 43.3%, respectively; with the conditional survival of patients with BA non- 
linear over time after KPE surgery.36 These data necessitate large-scale, multicenter population studies to further follow 
up BA survivors and investigate their five-year survival with or without liver transplantation. At present, the long-term 
prognosis of BA patients with LDLT remains quite favorable.

Approximately 80% of Patients with BA Require Subsequent Liver Transplantation
Dong et al reported in 2018 on approximately 400 infant patients who were diagnosed with BA each year at the 
Children’s Hospital of Fudan University, one of the largest pediatric hospitals in China, and their study showed that the 
two-year survival rate of primary liver survival was 53.7% in BA patients, and the remaining 46.3% BA patients required 
subsequent liver transplantation.37 An early investigation conducted by Mark et al surveyed all 148 infants with BA 
between January 1999 and June 2002 in England and Wales of the UK, and these authors found that a primary KPE was 
performed in 142 infants (with a median age at surgery of 54 [range 7–175] days) and a primary liver transplantation in 
five (with a median age at surgery of 248 [190–398] days); 135 babies were alive, 84 (62%) of whom had their native 
liver and 51 (38%) underwent transplantation.38 Tessier et al also reported in 2019 that the outcomes after KPE were 
uneven, with 50% of infants needing a liver transplantation by 24 months, making BA the leading indication for pediatric 
liver transplantation.39 Jain et al retrospective observational study identified a total of 397 patients with BA who 
underwent KPE procedure at King’s College Hospital between 1980 and 1996, and they found that patients with BA 
were at risk of needing a liver transplantation when beyond 16 years of age; their research further demonstrated 20-year 
NLS rates had been documented as 14–44% worldwide, but that most long-term native liver survivors developed 
complications in adulthood—including portal hypertension (PHT) and cholangitis, with reported liver transplantation 
rates as high as 22%. The higher end of the Jain study range came from Japan, where there was a longer experience of 
KPE and where transplantation practice is vastly different (Figure 2E).40 Rebecca et al reported that approximately 80% 
of patients with BA will require liver transplantation, accounting for 50% of all pediatric liver transplantations.41 Lee 
et al conducted a study at the National Taiwan University Children’s Hospital from 2015 to 2023 and enrolled 42 BA 
patients before and after KPE at approximately 2–9 months. These authors concluded that in Taiwan about 50% of 
patients with BA who undergo KPE eventually develop various advanced liver diseases and need liver transplantation 
before two years of age.42 Authors of a previous study applied the Dutch national database for BA collected data of 104 
BA patients on clinical features, liver biochemical indices, and liver ultrasonography from all BA patients who under-
went KPE without liver transplantation and who survived to age 20 (n = 28; 27% of all 104 BA patients).43 These 
researchers found that ≥25% of patients with BA survived at least 20 years without liver transplantation in the 
Netherlands, that female BA patients manifested a diminished perception of their health, and that 20% of long-term 
survivors remained asymptomatic, with no clinical or ultrasonographic signs of cirrhosis or portal hypertension.43 A 2013 
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study by Chardot et al showed that BA patients had an 89% life expectancy and a 30% chance of surviving to adulthood 
without liver transplantation.35 Early KPE, with no age threshold, reduced the need for liver transplantation before 
adulthood. BA accounts for about 50% of the indications for liver transplantation in children, and a French study of 1107 
children with BA from 1986 to 2009 revealed that the majority of long-term survivors of BA patients showed native liver 
cirrhosis, and about 85–90% of BA patients who survived after KPE were likely to require liver transplantation in 
adulthood. Nevertheless, there is still a small percentage of BA patients (approximately 10–15%) who may never need 
liver transplantation.35 Therefore, large multi-center investigations and studies are still needed in the future to further 
confirm the number of BA patients who require liver transplantation and to provide attention to patient survival status.

Monitoring Protocol of Trough Concentration (C0) and Two Hours After CsA 
Administration
At present, the monitoring scheme of CsA usually adopts the monitoring scheme of C0, as the TDM protocol of CsA has 
not yet reached consensus.44–46 The monitoring protocol is an earlier and accepted protocol that refers to the lowest blood 
concentration after ingestion.45,46 Since CsA is routinely administered twice a day, the protocol refers to when the blood 
concentration of CsA reaches a steady state (usually on Day 2); ie, the whole blood concentration 12 hours after the first 
dose and before the second dose.45,46 In theory, the concentration at this time should be the lowest after each 
administration. Therefore, as long as the blood concentration of CsA is guaranteed within the treatment window, 
rejection reactions will not occur.47 Based on this, the monitoring scheme is also the classic TDM regimen for CsA in 
clinical practice.47,48 The individual variation of CsA is large, and there are many influencing factors. To produce 
sufficient immunosuppressive effect in the narrow treatment window of transplant patients with the lowest adverse 
reactions, investigators of international prospective studies have proposed a new monitoring method called C2 (the 
concentration measured in whole blood about 2 hours after oral administration of the drug) monitoring method and 
hypothesize that adjusting the dosage of CsA based on C2 monitoring would significantly reduce the incidence of 
rejection, decrease the severity of acute rejection reaction, and generate a better predictive effect on acute renal toxicity 
of CsA than simply measuring C0.49,50 For liver transplantation patients, the effective concentration of CsA as 
recommended by C2 monitoring method is 1000 ng/mL at 0–3 months after surgery, 800 ng/mL at 3–6 months, and 
600 ng/mL after 6 months.46,49 In summary, both basic research and clinical studies demonstrate that the C2 monitoring 
method of CsA is safe, effective, and economical in liver transplantation recipients. After consultation, both doctors and 
clinical pharmacists assigned the blood concentration monitoring protocol that measured both trough and 2-hr after CsA 
ingestion for the patient.

We uncovered no abnormality in the current case except for ALP, and the baby recovered well after liver 
transplantation surgery. Neither Tac nor CsA formulations are currently designed specifically for infants, and this does 
not meet the needs of clinical individualized medication. Therefore, it is common to use oral tablets and capsules in 
fractionated doses to compensate for inadequate dosage and specifications of existing medications. We recommend that 
precise adjustment of the clinical dose would be helpful in ensuring that the blood concentration of the recipient remains 
stable and within the target range.

Conclusions
At present, cholangiography remains the most accurate method to diagnose congenital BA, but this method can result in 
trauma to the body. Currently, KPE is the most effective method for treating congenital BA, but it is best to perform the 
surgery within 1.5 months after birth, and the earlier it is performed, the better the effect and the longer survival time. 
Many patients with congenital BA who underwent KPE in early childhood still require liver transplantation as adults, 
possibly due to permanent liver damage caused by cholestasis before surgery. Here, because the diagnosis was made 76 
days after birth, the effect of KPE on the 85th day after birth was poor, and all postoperative liver and kidney indices 
were beyond the normal range, indicating that a liver transplantation was necessary. The patient recovered well after liver 
transplantation 6.47 months after birth. Regular oral ISDs were used to prevent rejection reaction and regular follow-up 
was conducted. In this case, it was found that an oral dose of 70 mg/day of CsA for children under 4 years of age can 
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stabilize the blood concentration of CsA within the effective range and minimize the possible adverse reactions caused by 
long-term use. This case provides valuable experience for the prevention, diagnosis, and treatment of neonatal con-
genital BA.
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