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ABSTRACT
Introduction. Alagille syndrome (AS) is a cholestatic disease 
secondary to scarcity of interlobular bile ducts. It is associated 
with extrahepatic manifestations, and renal involvement is 
frequent.
Objectives. To describe the prevalence, type and outcome of 
renal pathology in children with AS.
Patients and Methods. The presence and outcome of renal 
pathology was retrospectively studied in 21 children who 
met AS criteria.
Results. Renal pathology was observed in 18 patients (85.7%): 
(1) ultrasound variations in 7 patients (6 cases of bilateral 
renal dysplasia and 1 case of renal agenesis); (2) distal renal 
tubular acidosis in 2 patients; (3) a drop in glomerular filtration 
and/or proteinuria in 16 patients. The frequency of a drop in 
glomerular filtration was similar between patients with and 
without pathological kidney ultrasound findings.
Conclusions. Our study confirms a high prevalence of renal 
involvement, which enhances the importance of diagnosis and 
renal function follow-up in children with AS.
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INTRODUCTION
Alagille syndrome (AS) is a cholestatic 

disease secondary to scarcity of interlobular bile 
ducts, and associated to extrahepatic clinical 
manifestations.1 Its prevalence is estimated as 1 
case per 70 000 individuals and, in most cases, 
it is due to JAG1 gene mutations.2 Normally, it 
features five “classical” criteria: (1) intrahepatic 
cholestasis associated to ductopenia in liver 
biopsy (95%); (2) heart malformations, typically, 
stenosis or hypoplasia of the pulmonary artery 
(92%); (3) skeletal involvement, generally, 
butterfly vertebrae (70%); (4) eye anomalies, often 
posterior embryotoxon (78%); and (5) distinctive 
facial features (91%), as wide forehead, ocular 
hypertelorism with sunken eyes, prominent ears, 
triangular face and straight nose.3-5 Three out of 
these five criteria are required for the diagnosis, 
or two if there is a family history.1

Renal involvement is variable (19-74%), 
while renal dysplasia is the predominant 
manifestation (with or without cysts).1,5-7 Besides, 
distal renal tubular acidosis (dRTA), kidney 
cysts, urinary tract obstruction, renal agenesis, 
tubulointerstitial nephritis and vesicoureteral 
reflux can be observed.2,4,7 Glomerular changes, 
like mesangiolipidosis and focal and segmental 
glomerulosclerosis have also been described,2,8 as 
well as arterial hypertension secondary to renal 
artery stenosis and other vascular involvements, 
like middle aortic syndrome, intra-abdominal 
vascular anomalies and central nervous system 
abnormalities3. Stroke was reported in up to 15% 
of cases.3

The purpose of this retrospective study was to 
describe the prevalence, type and outcome of renal 
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Table 1. Different organs involvement in series of children with Alagille syndrome

Finding	 Current	study		 Quiros-Tejeira	 Alagille	 Hoffenberg	 Kamath
 (n = 21)  (n = 43) (n = 80)  (n = 26)  (n = 187)
Renal involvement 85.7% (18/21) 50% (15/30) 73.9% (17/23) 19% (5/26) 39% (73/187)
Intrahepatic cholestasis 100% (21/21) 100% (43/43) 91% (73/80) 100% (26/26) ND
Abnormal facies 95.2% (20/21) 98% (42/43) 95% (76/80) 92% (23/25) ND
Heart malformations 85.7% (18/21) 98% (42/43) 85% (68/80) 96% (24/25) ND
Skeletal involvement 57.1% (12/21) 38% (12/32) 87% (70/80) 48% (11/23) ND
Eye anomalies 38.1% (8/21) 73% (16/22) 88% (55/62) 85% (17/20) ND

ND: No data.

pathology in children with AS who received care at 
Hospital de Pediatría ”Prof. Dr. Juan P. Garrahan”.

PATIENTS AND METHODS
The medical records of all the children treated 

in our institution between 1994 and 2016 who 
met the clinical criteria for AS were revised, 
and those who lacked a renal assessment either 
by ultrasound or by specific laboratory tests 
(estimated glomerular filtration [eGF], acid-base 
status, ionogram and proteinuria) were excluded. 
The study was approved by the Ethics and 
Research Committee.

Operational	definitions:
• A renal ultrasound was regarded as normal if 

it showed normal shape, size and echotexture 
for both kidneys, without urinary pathologies, 
while kidneys were regarded as dysplastic 
when reduced in size and hyperechogenic, 
with or without cortical renal cysts.7,9

• dRTA: serum bicarbonate < 18 mEq/L with 
hyperchloremia and inability to acidify the 
urine due to an impairment in acid excretion.10

• Normal renal function: eGF between 90 and 
120 mL/min/1.73 m2, calculated according to 
the Schwartz formula.11

• Chronic kidney disease (CKD): proteinuria 
(> 5 mg/kg/day or proteinuria/creatininuria 
index > 2) over more than 3 months, abnormal 
ur inary  sediment ,  tubular  disorders , 
abnormalities detected through images or 
histology, and/or history of kidney transplant.12

• Arterial hypertension: systolic and/or diastolic 
blood pressure > 95th percentile, according to 
the “Fourth Task Force Report”.13

Statistical analysis
Clinical and demographic characteristics 

and ul trasound f indings  were  analyzed 

descriptively. Continuous outcome measures 
had a normal distribution (Shapiro-Wilk’s test), 
so they were expressed as a median (range), while 
categorical outcome measures were reported as 
an occurrence rate and percentage. Categorical 
outcome measures comparison was performed 
using Fisher’s exact test (significance level was p 
< 0.05). Statistix 7 software was used.

RESULTS
A total of 25 patients who met the AS clinical 

criteria were identified; 4 of these patients 
were excluded because they lacked a kidney 
ultrasound. Therefore, the sample size was of 
21 children (16 males). Mean age was 12.3 years 
(2.6-19.2) and age at the time of AS diagnosis was 
0.5 years (0.08-8.4). Table 1 shows the frequency 
of different organs involvement; the prevalence 
of renal pathology was 85.7% (18 patients). It 
was characterized by the presence of structural 
alterations in 7 cases (bilateral dysplasia in 6 cases 
and agenesis in 1 case). Two patients developed 
dRTA; one of the cases was associated to renal 
dysplasia.

Patients were followed up for 9.6 years (0.7-
17.4), and 10 of them received a liver transplant. 
During the course of the disease, 16 patients 
developed an eGF < 90 ml/min/1.73 m2 and/or 
proteinuria; in 6 cases, these alterations appeared 
after the liver transplant. Two patients required 
renal function replacement therapy: one initiated 
chronic hemodialysis and the other received a 
kidney transplant (both had renal dysplasia). The 
frequency of a drop in the glomerular filtration 
rate (eGFR) was comparable between patients 
with and without pathological kidney ultrasound 
findings (5/7 vs. 5/14, respectively; p= 0.18). No 
patients developed arterial hypertension. Table 2 
describes the findings and the renal outcome for 
each of the study patients.
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Table 2. Renal involvement in 21 children with Alagille syndrome

Patient	 Age	at	AS	diagnosis	 Gender	 Kidney	 Lab	tests	 Age	at 
 (years) (F/M) ultrasound  last follow-up (years)

1 0.08 M Dysplasia Proteinuria* Low eGF 18.3
2 8.4 F Dysplasia Proteinuria Low eGF 19.2
3 0.90 M Dysplasia Proteinuria* Low eGF** 17.8
4 5.8 M Agenesis Low eGF 17.6
5 0.2 M Dysplasia RTA low eGF 3.2
6 7.3 M Dysplasia Proteinuria 1.2
7 0.2 F Dysplasia Normal 11.2
8 0.6 M Normal Proteinuria Low eGF** 14.5
9 0.4 M Normal Proteinuria Low eGF 15.6
10 2.1 M Normal Low eGF 2.8
11 0.4 F Normal Low eGF 4.7
12 0.2 M Normal Low eGF 9.2
13 0.99 M Normal Proteinuria** 18.4
14 0.5 F Normal Proteinuria** 13.8
15 0.2 M Normal Proteinuria** 5.8
16 5.7 M Normal Proteinuria**  9.6
17 0.3 F Normal Proteinuria 4.4
18 1.6 M Normal RTA 6.1
19 0.3 M Normal Normal 17.6
20 0.2 M Normal Normal 2.5
21 3.3 M Normal Normal 18.1

AS: Alagille syndrome; F/M: female/male; eGF: estimated glomerular filtration; RTA: renal tubular acidosis.
* Required renal function replacement therapy.
** Renal impairment occurred after liver transplant.

DISCUSSION
In patients with AS, the frequency of renal 

involvement ranges between 19% and 74%.1,5-7 In 
our series, it was detected in 85.7% (18 patients) 
of the patients, and there was a drop of the eGF 
and/or proteinuria in 16 patients during follow-
up. In Kamath’s study, the largest study including 
adults as well as children, the prevalence was 
39%,7 while in series with a smaller number of 
patients, it was highly variable (Table 2).1,5-7

The prevalence of renal injury in our series 
was high, probably due to our hospital being a 
tertiary care center and to the inclusion of patients 
who received a liver transplant.

The most frequent renal structural anomaly 
was renal dysplasia (28.5%), also prevalent in the 
Kamath et al. series (58.9%).7 dRTA prevalence, 
observed in two of our patients (9.5%), was 
similar to the one reported in other series (7-9%).6,7

No other manifestations, like renal cystic 
lesions (10%) and urinary tract obstruction (8.2%-
10%), were observed among our patients.1,7

eGF drop is frequent in the presence of known 
renal involvement.7 In Kamath’s series, 38% 
of the patients with renal structural anomalies 
showed a drop in GF, and renal dysplasia (1/3 
patients) was the most frequent finding.7 In our 
study, 10 children (47.6%) developed an eGF 
drop at the end of the follow up period and, as 
in the above mentioned study, in these cases, 
bilateral renal dysplasia was also a prevalent 
structural finding (4 patients). It is also worth 
mentioning that drops in eGF and/or proteinuria 
were observed in patients without ultrasound-
detectable renal alterations. Mesangiolipidosis is a 
particular histopathological pattern of glomerular 
lesions characterized by the presence of foam 
cells and/or lipid vacuoles in the mesangium.4 
Habib et al. observed this in 18/26 patients’ 
biopsies (70%); 12 of them showed a drop of the 
eGF and 3 of them showed non-nephrotic range 
proteinuria.4 Very rarely, focal and segmental 
glomerulosclerosis can be observed, though this 
has only been described in 2 adult patients.2,8 
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Although none of our patients underwent a 
renal biopsy, it might be assumed that this 
group presented such histological lesions, which 
accounted for their renal function impairment. 
This highlights the importance of looking for renal 
compromise in every patient, including those 
without structural pathologies. Furthermore, 
it should be kept in mind that 15-20% of these 
patients are future transplant receptors, which 
implies the subsequent exposure to nephrotoxic 
drugs (calcineurin inhibitors as tacrolimus or 
cyclosporin, and nephrotoxic antibiotics) and a 
greater risk of developing CKD, as was the case 
in 6 out of the 10 patients who received a liver 
transplant.2,14 Finally, 2 patients (both with renal 
dysplasia) required renal replacement therapy, 
though this outcome was rare.15

The high prevalence of renal involvement 
observed in our patients strengthens the need 
of a regular assessment of renal function within 
this population, which should include kidney 
ultrasound, serum chemistry, urinalysis and 
blood pressure measurement. Since all our 
patients had normal blood pressure values, no 
vascular tree tests were performed. Yet, vascular 
pathologies should be ruled out in cases of 
arterial hypertension. Besides, a renal biopsy 
should be performed in those patients without 
renal structural defects and drop of eGF and/
or proteinuria and/or albuminuria, in order to 
diagnose glomerular lesions.

CONCLUSIONS
The prevalence of renal involvement was 

high (85.7%) in the AS patients of our series. 
Renal dysplasia was the most frequent structural 
alteration; however, renal function impairment 
was observed in patients with normal kidney 
ultrasound findings. Sixteen of the 21 study 
patients developed a drop in eGF and/or 
proteinuria by the end of follow-up; in 6 of 
them, these alterations appeared after receiving 
a liver transplant. These findings highlight the 
importance of a systematic and regular search 
of renal pathologies in this population, even 
in those patients without proof of structural 
abnormalities. n
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