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Alagille syndrome (AGS) is an autosomal dominant hereditary disorder characterized by identifiable abnor-
malities in the liver, heart, face, skeleton, and eyes. Recently, liver transplantation (LT) has been proposed as
a therapeutic strategy for patients with AGS complicated by end-stage liver disease, but clinical experience in
performing anesthesia in LT for AGS is still scarce. We aimed to summarize our preliminary experience in the
anesthetic management of LT for AGS in this study.

We reviewed the cases of 11 patients with AGS who underwent LT from September 2017 to April 2019.
Preoperative multi-system comorbidities, intraoperative details, and postoperative outcomes were retrospec-
tively collected and summarized.

Cardiopulmonary abnormalities were common (81.8%) in AGS patients before LT, and the most frequent co-
morbidity was pulmonary artery stenosis. After careful anesthetic evaluation and perioperative management,
all patients survived during the perioperative period without significant cardiovascular complications. However,
there was an unexpectedly high prevalence of surgical complications and re-operations in AGS patients com-
pared to biliary atresia recipients (54.5% vs. 22.4%, P=0.031; and 45.5% vs. 15.3%, P=0.028, respectively).
Perioperative management of LT for AGS patients can be particularly challenging, requiring a full understand-
ing of the pathophysiology, as well as a careful preoperative evaluation of the multi-system comorbidities. The
high prevalence of postoperative surgical complications should be a matter of concern.
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Background

Alagille syndrome (AGS) is an autosomal dominant metabol-
ic disease caused by gene mutations in the NOTCH signaling
pathway. AGS is classified into 2 types: Jagged 1 (JAG1) gene
mutation is known as AGS type 1, and NOTCH 2 gene mutation
is regarded as AGS type 2 [1-3]. The clinical diagnostic criteria
for AGS include interlobular bile duct paucity accompanied by
at least 3 of the following 5 main features: chronic cholesta-
sis resulting from intrahepatic bile duct hypoplasia, peripheral
pulmonary stenosis, dysmorphic facies with a bossed forehead
and deep-set eyes, posterior embryotoxon, and butterfly-like
vertebrae [2]. Generally, AGS is still a rare disease, with a re-
ported prevalence of 1: 30 000 to 1: 70 000 [2,3].

Chronic cholestasis is the most common manifestation of AGS
in infants and young children, and liver transplantation (LT) has
been indicated for AGS patients with end-stage liver disease,
portal hypertension, and impaired quality of life with growth
retardation secondary to serious cholestasis, refractory pru-
ritus, and xanthomatosis. The recently reported 1-year and
5-year survival rates exceeded 80% [4,5]. However, patients
with AGS often have varying degrees of cardiovascular, cen-
tral nervous system, and renal malformations, which can ex-
ert adverse effects before, during, and after LT, and possibly
influence the prognosis of patients with AGS [4].

There have been several case reports on the anesthetic man-
agement for LT in AGS patients with cardiovascular malfor-
mations. Adachi et al. suggested strengthening intraoperative
monitoring with pulmonary artery catheterization to main-
tain hemodynamic stability, as well as the guidance of volume
therapy [6]. Cheng et al. advocated a judicious preoperative
evaluation of the cardiovascular system to screen-out unsuit-
able candidates for cardiovascular function optimization [7].
Png et al. reported hemodynamic changes in AGS patients dur-
ing LT, and found that veno-venous bypass (VVB) was helpful
in maintaining hemodynamic stability [8]. However, anesthesia
experience in LT for AGS patients remains sparse. Therefore,
we report our center’s experience in anesthesia management
for AGS patients, focusing on preoperative multi-systemic as-
sessment and perioperative management.

Material and Methods

One hundred and seventy-nine children underwent LT be-
tween September 2017 and April 2019 at the Beijing Friendship
Hospital, Capital Medical University in Beijing, China. The re-
search was approved by the Ethics Committee of Capital
Medical University Affiliated Beijing Friendship Hospital (ap-
proval number: 2020-P2-044-01). Eleven patients (6.1%) were
indicated for AGS, based on either genetic diagnosis or clinical
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diagnosis. Preoperative recipient variables, donor and liver graft
factors, intraoperative data, and postoperative outcomes were
analyzed. A whole liver graft was anastomosed using the con-
ventional technique, while a split, reduced-size, or living-re-
lated partial liver graft was anastomosed using the modified
piggy-back technique. During the anhepatic phase, the inferi-
or vena cava was totally clamped in all cases without the use
of VVB. All children were treated according to the standard
anesthetic protocol for pediatric LT in our center, and the in-
traoperative anesthetic data were obtained by reviewing the
electronic anesthesia records [9]. Specifically, preoperative car-
diovascular assessment and management algorithms of AGS
patients were as follows: Echocardiography was initially per-
formed to evaluate cardiac function and screen-out potential
cardiopulmonary malformations, and right heart catheteriza-
tion would be further employed when there were findings of
complex congenital heart disease or elevated pulmonary ar-
terial pressure. Patients with mild-to-moderate cardiopulmo-
nary defects and normal cardiac function would proceed to
LT without further treatment. For those patients with complex
congenital heart disease complicated by cardiac insufficiency,
pulmonary hypertension, and right-to-left shunt, a multidis-
ciplinary team (MDT) discussion would be held to determine
the appropriateness and timing of LT. Intraoperative arterial
blood gas analysis was measured at specific time-points: an-
esthetic induction, hepatic dissection, anhepatic phase, af-
ter reperfusion, and at the end of surgery. Continuous vari-
ables are presented as the meantstandard deviation, median
(range), or median (interquartile range). Intraoperative vari-
ables at different time-points were compared using a repeat-
ed-measures analysis of variance. P values <0.05 were consid-
ered statistically significant.

Results

Preoperative evaluation

Preoperative assessment of patients includes a physical exam-
ination, liver and renal function tests, vitamin and blood glu-
cose levels, abdominal Doppler ultrasonography, upper-abdom-
inal computed tomography angiography, electrocardiogram,
echocardiography, arterial blood gas analysis, and chest ra-
diography. Baseline patient and liver graft characteristics are
provided in Table 1. All 11 patients were complicated by cho-
lestasis, of whom 9 were misdiagnosed as biliary atresia (BA)
and received exploratory laparotomy, laparoscopic explora-
tion, or Kasai portoenterostomy. Nine patients (81.8%) were
complicated with cardiovascular malformations identified by
echocardiography, with pulmonary artery stenosis (44.4%) as
the most common form. However, no patient needed to un-
dergo interventional therapy or cardiovascular surgery, be-
cause all patients were New York Heart Association (NYHA)
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Table 1. Baseline patient and liver graft characteristics.

case Age(mo) Gender (O OO zscorer SUUE DL Ll Mabormites Classfcation

1 12 Female 7.5 66 -3.60 JAG1 8 12 PFO, PAS |
2 275 Male 105 82 -268 o 6 s Normal 1
3 12 Mae 9 & 1%  JAGL 8 13 VSLPDA I
"""" 4 149 Male 358 143 -103 Gl 6 13 PS 1
5 165 Male 84 76  -131  JAG1 9 18 Normal 1
6 73 Male 15 102 -349 Gl s 3 vso .

7 65.5 Male 15 97 -4.12 JAG1 12 31 PS 1]
8 235 Female 85 80  -225 o o 21 ews .
9 17 Mae 79 715 -296 Gl 8 12 PO o
""" 10 12 Female 63 68  -280 JAGI 7 10 pS 1
""" 11 114 Male 17 122 -269 JAGI s 3 B 1
Case Donor type Graft type Graft weight (g) GRWR (%) WIT (min) CIT (min)

1 Deceased Whole 321 4.28 5 710
2 Lvingrelated  leftlaterallbe 226 215 2 8
3 Lvingrelated  leftlaterallbe 267 207 2 n7
"""" 4 Deceased,split  leftlobewithMHV 525 147 3 570
5 Deceased, reduced-size left laterallbe 264 314 3 640
6 Lvingrelated  leftlaterallbe 317 21 s 147
7 Lvingrelated  leftlobewithMHV 306 208 2 150
8 Lvingrelated  leftlaterallbe 214 252 2 90
9 Lvingrelated leftlaterallbe 253 30 2 79
""" 10 Lvingrelasted  leftlaterallobe 200 318 1 6
""" 11 Lvingrelasted ~ Leftlaterallobe = 272 1e0 2 100

* Diagnosis based on clinical diagnostic criteria. * Height for age Z score (Data form Chinese Center for Disease Control and
Prevention). BAVS — bicuspid aortic valve stenosis; CIT — cold ischemia time; CTP — Child-Turcotte-Pugh; GRWR - graft-to-recipient
weight ratio; MHV — middle hepatic vein; PAS — pulmonary artery sling; PDA — patent ductas arteriosus; PELD — Pediatric End-stage
Liver Disease; PFO — patent foramen ovale; PS — pulmonary stenosis; VSD — ventricular septal defect; WIT - warm ischemia time.

functional class I or Il with no signs of severe pulmonary hy-
pertension, right ventricular dysfunction, or right-to-left shunt.
The prevalence of posterior embryotoxon, butterfly-like ver-
tebrae, xanthoma, and renal abnormalities was 2 (18.2%), 2
(18.2%), 3 (27.3%), and 3 (27.3%), respectively. Vitamin de-
ficiency (63.6%) was relatively common, and growth fail-
ure (72.7%) was a frequent problem in patients with AGS. At
the time of surgery, the median (range) age of the patients
(8 males and 3 females) was 23.5 (12.0-149.0) months. The
median (range) weight and height were 8.5 (6.3-35.8) kg and
82 (66-143) cm, respectively. The mean Child-Turcotte-Pugh
(CTP) score and Pediatric End-stage Liver Disease (PELD) score

This work is licensed under Creative Common Attribution-
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were 7.6+2.1 and 10.8+9.6, respectively. The average graft-to-
recipient weight ratio (GRWR) was 2.68+0.91%, and the me-
dian (range) graft weight was 267 (200-525) g. Living-related
grafts were utilized in 8 of 11 patients, while deceased grafts
were employed in 3 patients. The median (range) warm isch-
emic time and cold ischemic time were 2 (1-5) min and 117
(67-710) min, respectively.

Intraoperative details

Intraoperative details are shown in Tables 2 and 3. The mean
urine output and blood losses were 4.7+1.6 ml/kg/h and
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Table 2. Intraoperative hemodynamics, electrolyte, and blood gas measurements.

HR (bpm) 109.0+6.3 127.8+7.8 116.0+7.3 107.4+5.9
CSAP(mmHg  902¢28 951339  643426™  939s16
o (mmHg  s7s07  s208 46109 70108
CPH73ss01 735802 72902 736202
CPacO,(mmHg  395:18  365¢l4 Mas1r sse17
Pa0,(mmHg 2009¢103 3148489 2030487 3609495
CBE(mmot)  -3eell 49e12 s9rl2  -21s07
©HCO,(mmol)  2L7sl1  205s10 201209  231:06
CNa(mmol) 1333411 13764120 139301 14436107
CK@moy 30802 40102 37502 42101
Ccammoy 1182002 1115004 1145006 1081003
oW mmoy 60:08 75e12 osels 89:10
AC@moy o0l 201026 ses04#° 26:03*
CHWCT®  284sl3  283:l5  27.0e22  285s13

# Compared with variables after anesthetic induction (P<0.05). * Compared with variables before reperfusion (P<0.05). BE — base
excess; Ca — serum calcium concentration; CVP — central venous pressure; GLU — blood glucose concentration; HCT — hematocrit;
HR — heart rate; K — serum potassium concentration; LAC — blood lactate concentration; SAP — systolic arterial pressure; Na — serum
sodium concentration; PaCO, — arterial carbon dioxide pressure; PaO, — arterial oxygen pressure.

20.8+12.6 ml/kg, respectively. The mean fluid infusion was
11.5+4.1 ml/kg/h, and the average red blood cell infusion was
20.6+15.3 ml/kg. Non-transfusion was accomplished in Case 2,
Case 6, and Case 8, fresh frozen plasma was only indicated for
Case 1 and Case 4, and no patients required platelet transfu-
sion. Intraoperative changes in serum lactate, potassium, and
base excess were similar to those of patients with other indica-
tions for LT [10], and no patient received perioperative contin-
uous hemodiafiltration. The incidence of postreperfusion syn-
drome diagnosed by Aggarwal’s definition was 90.9%, but no
patients experienced cardiac arrest or vasoplegic syndrome.

Postoperative complications and clinical outcomes

The average durations of Intensive Care Unit (ICU) and hospi-
tal stay were 7.3+5.6 days and 35.4+12.7 days, respectively.
The mean follow-up time was 24 months (range, 14-34), and
patient and graft survival were 100%. The incidence of post-
operative surgical complications and re-operations were sig-
nificantly higher in AGS patients than in BA recipients (54.5%
vs. 22.4%, P=0.031; and 45.5% vs. 15.3%, P=0.028, respective-
ly) (for details, see Tables 3, 4). Case 1 developed a hepatic ar-
tery thrombus, but did not undergo urgent revascularization or
retransplantation after arterial collaterals developed. Bile leak-
age and hepatic vein anastomotic stricture occurred in Case
2, requiring re-operation on postoperative day (POD) 19 and
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serial balloon dilatation on POD 30. Two children (Case 7 and
Case 9) developed bowel perforation, requiring re-operation
for repair. Case 9 developed multiple organ failure due to per-
foration-related sepsis, and he had needed long-term mechan-
ical ventilation after re-operation; he was eventually moved
from the ICU on POD 15 and was discharged on POD 43. Case
3 and Case 11 received exploratory laparotomy due to wound
dehiscence and Roux-en-Y anastomotic bleeding, respectively.
No patients developed acute heart failure or required inotro-
pic support during the postoperative period. To date, all pa-
tients have shown normal physical activities and psychoso-
cial behaviors without deterioration in their cardiac function.

Discussion

In this study, we demonstrate a 100% patient and graft surviv-
alin 11 AGS patients. Although the cohort was relatively small,
we still found several important findings: (1) Cardiopulmonary
malformations were relatively common in AGS patients un-
dergoing LT, among which pulmonary artery stenosis was the
most common feature. (2) Mild-to-moderate cardiopulmo-
nary defects did not significantly increase post-LT cardiovas-
cular complications of AGS patients. (3) Compared with pedi-
atric BA recipients, AGS patients had a higher prevalence of
postoperative surgical complications.
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Table 3. Intraoperative management and postoperative outcomes.

: Flu'.d Blood loss RBC FFP  ICU stay Hospital Surgical :
Case infusion (ml/kg) output (mi/kg) (ml/kg) (days) stay comblications Re-operation Outcome
(ml/kg/h) & (mUkg/h) & & Yl (days) P
1 7.6 10.67 4.8 26.67 13.33 7.5 30 HAT None Alive
2 12.1 7.62 6.3 0 0 20 56 BL Hvag  Choledochojeju- Alive
nostomy
3 136 38.89 6.8 33.33 0 3 30 WI,WD Exploratory Alive
laparotomy
4 7.8 36.31 3.2 36.31 16.76 2.5 38 None None Alive
5 13.9 16.67 3.7 23.81 0 3.5 23 None None Alive
6 6.3 8.00 4.1 0 0 4.5 16 None None Alive
Exploratory
7 9.4 33.33 3.5 40.00 0 9 37 IP laparotomy, Alive
IPR
8 10.8 5.90 34 0 0 5 43 None None Alive
9 16.2 25.32 4.6 25.32 0 15 44 IP IPR Alive
10 19.7 31.75 7.9 31.75 0 2.5 51 None None Alive
Roux-en-¥ Explorator
11 9.2 1471 3.7 1176 0 7.5 21 anastomotic P y Alive
) laparotomy
bleeding

BL — bile leakage; FFP — fresh frozen plasma; HAT — hepatic artery thrombosis; HVAS — hepatic vein anastomotic stricture;
ICU - Intensive Care Unit; IP — intestinal perforation; IPR — intestinal perforation repair; RBC — red blood cell; WD — wound dehiscence;
WI = wound infection.

Table 4. Postoperative surgical complications and re-operations in pediatric AGS and BA recipients.

Variables AGS (n=11) BA (n=98) P-value

Age (mo) 23.5 (12.0-73.0) 30.9 (10.3-73.3) 0.007
© Malegender®) s 727 s4 (551) 0345
 Height(@m) 820 (715-1020) 700 (654-903) 0038
Weight® 85 (75-15 85 (7.0-133) 0466
Czscoret 2269 (349--131) 118 (230--0.13) 0015
 PEIDscore o (15 10 (320 0759
* Preoperative history of abdominal operation (%) o 818) 90 (91.8%) 0265
 living-related donor %) 8 (727 75 765 0722
patialgraft®s) 0 909 78 (796 0687
 Graftweight@® 267 (26-317) 259 (210-326) 0644
CGRWR%) 2681091 2921096 0432
© Surgical complications 6 (545 2 (24 0031
 Reoperations (%) 5 @ss) 15 153 0028

* Height for age Z score (Data form Chinese Center for Disease Control and Prevention). AGS — Alagille syndrome; BA — biliary atresia;
GRWR - graft-to-recipient weight ratio; LT — liver transplantation; PELD — Pediatric End-stage Liver Disease.
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Several confounding factors have been reported to affect post-
transplant outcomes of AGS patients, including surgical tech-
nique, anesthetic experience, graft quality, and cardiovascular
and other comorbidities associated with the underlying dis-
ease. Early and accurate diagnosis of AGS is essential to the
treatment and prognosis of patients with AGS. Unfortunately,
it is sometimes difficult to make a correct diagnosis because
cholestasis in AGS is similar to that in BA[11,12]. In our series,
up to 82% of patients were misdiagnosed as BA. Traditionally,
the classical diagnosis of AGS requires interlobular bile duct
paucity together with at least 3 of the 5 major clinical features,
including chronic cholestasis, cardiopulmonary defects, cra-
niofacial abnormalities, posterior embryotoxon, and butterfly
vertebrae [4]. Using revised diagnostic criteria, namely a JAG1
mutation or family history of AGS, diagnosis can be done with
only 2 of the 5 clinical manifestations [13].

Successful perioperative management of AGS patients relies
on effective communication and cooperation between the MDT
members consisting of liver transplant surgeons, anesthesi-
ologists, intensivists, pediatricians, geneticists, cardiologists,
hepatologists, radiologists, nutritionists, ophthalmologists, or-
thopedics, and other specialists. Patients should have a com-
prehensive evaluation of hepatic function, cardiac examination,
spinal X-ray, ophthalmologic examination, and renal function.
Monitoring and optimizing of growth, development, diet, and
nutritional status should be emphasized by MDT members, since
growth retardation is known to occur in 50-90% of patients
with AGS. Preoperative growth disorders due to fat-soluble vi-
tamin deficiency should be treated with nutritional therapy [14].

Of note, cardiac comorbidities are the leading causes of death
for children diagnosed with AGS [15,16], and can serious-
ly affect the outcome of LT for AGS. As a consequence, pre-
operative assessment and optimization of cardiopulmonary
malformations can be of great importance. Common cardio-
vascular malformations of AGS include peripheral pulmonary
stenosis, atrial septal defect, patent foramen ovale, ventric-
ular septal defect, tetralogy of Fallot, and aortic stenosis [2].
In our series, 82% of patients have cardiovascular malforma-
tions. After careful evaluation of cardiac function, all patients
underwent LT without serious cardiovascular complications.
However, it should be noted that AGS patients complicated
with severe cardiopulmonary abnormalities were at increased
mortality risk after LT [16]. Non-surgical interventional treat-
ments and open-heart surgery may be beneficial in relieving
and optimizing perioperative hemodynamics of these patients.
Nevertheless, it is still controversial whether cardiac comorbid-
ities should be proactively repaired before LT, and treatment
decisions should be determined after a careful discussion by
MDT members. Additionally, patients with AGS often have con-
genital renal abnormalities, intracranial vascular malforma-
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and bronchial stenoses, and recurrent fractures, which could
lead to fatal postoperative complications and should be care-
fully screened and evaluated [2,4,14].

The high prevalence of postoperative surgical complications
of AGS patients is a new finding of this study. The reason for
this remains unclear, but it may be attributed to systemic mal-
nutrition or the history of preoperative abdominal surgery. In
this study, 82% of patients were misdiagnosed as BA and un-
derwent exploratory laparotomy, laparoscopic exploration, or
Kasai portoenterostomy. Importantly, some patients in this
study might have had co-existence of AGS and BA, which was
also called BA overlapping AGS [11]. Previous studies have
found that patients with AGS who had undergone Kasai pro-
cedure could have worse general condition and traumatic bil-
iary tract injuries, which might force them to undergo liver
transplants earlier [11,17].

This study has several limitations. First, this study is limited
by its retrospective nature and the small sample size. Second,
most of the patients did not receive preoperative nutrition ther-
apy before admission to our hospital, suggesting that future
research is warranted to observe whether systemic nutrition
therapy can minimize postoperative surgical complications.
Third, cardiopulmonary malformations of all patients in this
study were neither complicated nor serious, and the threshold
for correcting cardiopulmonary defects still needs to be clari-
fied in future studies. Finally, no patient in this study was di-
agnosed as AGS type 2 by preoperative genetic tests, in which
type renal dysfunction was more frequent. Renal dysfunction
in patients with AGS may complicate perioperative anesthet-
ic management and affect the prognosis of patients. Future
studies should focus more on the anesthetic management of
LT for AGS type 2 patients.

Conclusions

We report a 100% patient and graft survival in a cohort of 11
pediatric patients with AGS. After careful preoperative evalu-
ation and anesthetic management, mild-to-moderate cardio-
vascular abnormalities did not carry a high risk for mortality
or serious postoperative cardiovascular complications. It has
been well-recognized that disease-specific complications im-
proved, and no patients developed cardiovascular complica-
tions during the perioperative period. Postoperative surgical
complications are relatively frequent, although the underlying
causes remain to be elucidated, reflecting the multi-system in-
volvement of the disease itself.
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