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ARTICLE INFO ABSTRACT

Article history: Objective: Our objective was to analyze performance of noninvasive markers for significant esophageal varices in
Received 28 January 2020 relation to outcomes of endoscopic surveillance and primary prophylaxis in biliary atresia (BA).

Received in revised form 29 May 2020 Methods: This was a prospective follow-up study of a national cohort of BA patients born between 1989 and 2017,
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including 72 consecutive patients who underwent variceal surveillance endoscopies. The risk for developing sig-
nificant varices (grade > 2) and variceal bleeding was compared between successful (postoperative total bilirubin
<34 umol/L) and failed portoenterostomy (PE) patients. AUROC analyses and Wilcoxon signed ranks test were
used to assess accuracy of noninvasive measures to predict the presence of significant varices after successful PE.
Results: In total, 72 patients underwent 471 endoscopies during 427 follow-up years. Among 45 successful PE pa-
tients (63%), varices appeared later [at median age 1.6 (0.7-14) vs. 0.8 (0.4-1.9) years] and bled less often [7% vs.
41%, p < 0.001 for both] than after failed PE. Liver biochemistry, stiffness, and predictive scores showed poor ac-
curacy for the presence of significant varices. After failed PE, lowered plasma albumin concentration predicted
varices with an AUROC of 0.69 (95% CI 0.52-0.85, p = 0.030). After successful PE the varices prediction rule
with AUROC 0.72 (95% CI 0.64-0.79) was the most accurate predictor. Individual predictors showed no meaning-
ful changes between the two consecutive endoscopies leading to discovery of varices.

Conclusion: Accurate targeting of endoscopies based on noninvasive predictors remains difficult during primary
variceal prophylaxis protocol in BA. The differing prognoses after successful and failed PE should be considered in
variceal surveillance and future studies.

Type of study: Diagnostic/prognosis study.

Level of evidence: Level I1.
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Biliary atresia (BA) is a destructive cholangiopathy of infancy, which
leads to death unless treated. Portoenterostomy (PE) is the primary sur-
gical treatment, followed by liver transplantation (LT), which may be in-
dicated if bile flow is not restored by PE or later in life owing to
advanced liver disease and its complications, including portal

Abbreviations: APRI, aspartate to platelet ratio index; AUROC, area under receiving op-
erator curve; BA, biliary atresia; CI, confidence interval; CPR, clinical prediction rule; EIS,
endoscopic injection sclerotherapy; GI, gastrointestinal; HR, hazard ratio; K-VaPS, King's
variceal prediction rule; LT, liver transplantation; NPV, negative predictive value; PE,
portoenterostomy; VPR, varices prediction rule.
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hypertension, esophageal varices and associated gastrointestinal (GI)
bleeding. Currently, no evidence-based guidelines exist on the indica-
tions for primary endoscopic prophylaxis of esophageal or gastric vari-
ces in children with diagnoses other than extrahepatic portal vein
obstruction [1]. In adults, six-week mortality of variceal bleeding is
10%-20% [2]. In children, mortality after the first variceal bleeding
may be as low as 1% [1]. Duche et al. performed endoscopies on 641
BA patients with signs of portal hypertension and found high-risk vari-
cesin 173 (29%) patients at a median age of 1.2 years [3]. Gl bleeding oc-
curred in 16% of all patients and in 60% of those with high-risk varices.
Of them, 17% (3% of all patients) experienced a life threatening conse-
quence of the bleeding. The authors suggested endoscopic primary pro-
phylaxis of high-risk varices. On the other hand, Shneider et al. recently
reported a 7% incidence of variceal bleeding by the age of two years in a
program with no routine endoscopic screening [4]. Identification of pa-
tients with high-risk varices using clinical, laboratory, and ultrasound
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findings has been the goal of some previous studies [5-8] but these
studies have pooled BA patients with successful and failed PE.

Avoiding unnecessary endoscopies is important as increasing evi-
dence implies that repeated general anesthesias in early childhood
may predispose to neurodevelopmental impairment [9-11]. Further-
more, frequent hospital visits are the most important factor that lowers
BA patients' health related quality of life [12,13].

Our nationwide hepatobiliary unit follows all BA patients in Finland
and screening endoscopies are included in the follow-up protocol. We
aimed to evaluate the current results of our endoscopic surveillance
and primary prophylaxis protocol and assess the accuracy of various
noninvasive markers for significant varices.

1. Methods

Between 1989 and 2017, 89 patients were diagnosed with BA in
Finland. Seventy-two (81%) patients, who underwent one or more
upper GI endoscopies were prospectively followed, and included in
this study (Fig. 1). Follow-up continued until LT, death, or end of the
study period on December 11, 2018. Seventeen infants were excluded:
six with multiple untreatable anomalies leading to early death, 10
who died or underwent LT before commencing endoscopic surveillance,
and one one-year-old with successful PE who had not yet attended en-
doscopy. Forty-two patients were included in our previous study with a
follow-up until 2008 [14].

1.1. Patient management

Since 2005, BA treatment in Finland has been centralized to Helsinki
University Hospital, which has also run the nationwide pediatric LT
program since 1987. Patients are followed at three-month intervals in
Helsinki or local hospitals but all return to Helsinki for annual follow-
up visits, which include a clinical examination, laboratory assessment,
abdominal ultrasound, liver elastography, and a screening upper GI en-
doscopy for varices. For patients with normal bilirubin levels and no
varices, the interval between the screening endoscopies may be ex-
tended to up to two years.

After failed PE, the first screening endoscopy is approximately at six
months after PE and after successful PE, at one year of age. Pediatric sur-
geons with substantial experience in endoscopic procedures perform or
supervise all endoscopies. Any grade 2 or 3 esophageal varices are
treated with endoscopic injection sclerotherapy (EIS) using sodium
tetradecyl sulfate. After EIS for varices, the next endoscopy is planned
within two to four weeks until eradication of varices. Endoscopies are

72 patients

also performed when clinically indicated to diagnose GI bleeding or
other symptoms.

1.2. Data collection

Data collection included age at PE, all endoscopy findings, treatment
of varices, complications, laboratory results (alanine transferase, ALT;
aspartate transferase, AST; y-glutamyl transferase, GGT; albumin;
prealbumin; total and direct bilirubin; platelets) at three and six months
after PE and at the time of each endoscopy, ultrasound measured spleen
length and liver stiffness results before each endoscopy, and the timing
of GI bleeding episodes. Liver stiffness was measured with a transient
elastography device (FibroScan; Echosens, Paris, France) as described
in detail previously [7]. Patients were grouped according to the success
of PE (successful PE: <34 umol/L any time after PE; failed PE: >34 pmol/
L) owing to differing prognoses. Significant varices were defined as
grade 2 or 3 esophageal varices, or gastric varices.

The following previously published scores were calculated for suc-
cessful primary treatment patients before each screening and scheduled
control endoscopy: AST to Platelet Ratio Index (APRI): [(observed AST/
AST upper limit of normal)/platelet count]*100 [15]; spleen size Z score
(SAZ): (observed spleen length — expected spleen length)/SD of the
age and gender-based spleen length [16]; Varices Prediction Rule
(VPR): albumin*platelet count/1000 [17]; Clinical Prediction Rule
(CPR): (0.75*platelet count)/(SAZ + 5) + 2.5*albumin [18]; and King's
Variceal Prediction Rule (K-VaPS): 3*albumin — 2*equivalent adult
spleen size [5].

2. Ethics

The Ethics committee of the Helsinki and Uusimaa Hospital district
approved this study. Since patients were not contacted for the purpose
of this study, no consent was needed.

3. Statistics

We used SPSS 22 statistics software (IBM, Somers, NY). Data are pre-
sented as frequencies, percentages, and medians with ranges. Longitu-
dinal changes in different variceal markers between two consecutive
endoscopies leading to discovery of varices were assessed with
Wilcoxon signed ranks test. The associations between variceal markers
and the presence of significant varices were visualized as scatterplots
and evaluated using area under the receiver operating characteristic
(AUROC) analyses. We chose cutoff values using the highest sum of

45
PE succeeds

27
PE fails

1217
5.8y (1.0-14)

33 native liver
9.2y (1.3-28)

211!
0.9y (0.4-2.0)

6 deaths?
0.8y (0.5-1.7)

! Includes one with late referral and primary LT at 0.8 years.

2 Comprises patients who died without LT, including one fatality of esophageal perforation and sepsis as a complication of endoscopic injection sclerotherapy.

Fig. 1. Patient flowchart. Median age (range) is given as years at study endpoints. Successful portoenterostomy (PE) was defined as decrease in plasma total bilirubin

concentration < 34 umol/L at any point after PE. LT, liver transplantation.
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Table 1

Frequency of varices, endoscopic injection sclerotherapy (EIS) treatments, gastrointestinal (GI) bleeds, and variceal bleeds in all, successful portoenterostomy (PE), and failed PE patients.

All patients Successful PE Failed PE p

Patients 72 45 27

Esophageal varices of any grade, or gastric varices 46 (64%) 27 (60%) 9 (70%) 0.452
EIS treatments 7 (51%) 217 (47%) 16 (59%) 0.338
Gl bleeding 1(29%) 8 (18%) 3 (48%) 0.008
Bleeding from varices 4(19%) 3(7%) 11 (41%) 0.001
Gl bleeding before the first endoscopy 7 (10%) 1°(2%) 5(19%) 0.025
Bleeding from varices after commencing EIS 6 (8%) 2 (4%) 4 (15%) 0.189

2 One patient was once treated with endoscopic variceal ligation, included in EIS treatments.
b The patient had a vitamin K deficiency associated bleeding as the first sign of BA at age two days, but after PE has had no further GI bleeding.

sensitivity and specificity from AUROC curve analyses. All analyses were
performed separately for patients, whose PE succeeded or failed. We
used STROBE checklist as a guideline in reporting.

4. Results
4.1. Patients

The study comprised 72 patients, 427 follow-up years, and 471 en-
doscopies (average 1.1 endoscopies per follow-up year). Gastric or
esophageal varices of any grade were encountered in two thirds of the
patients in 228 (48%) of the endoscopies, and 51% of the patients re-
ceived EIS in 191 sessions (Table 1). In total, 21 (29%) patients experi-
enced GI bleeding, while only 14 (19%) of them had varices verified in
endoscopy at the time of bleeding, and 6 (8%) patients experienced var-
iceal bleeding after commencing EIS. No patient died of variceal bleed-
ing. PE succeeded in 45 patients (63%). Patients with successful PE
developed varices later and experienced fewer variceal bleeding epi-
sodes than did patients whose PE failed (Table 1, Fig. 2).

4.2. Varices and bleeding after successful PE
Successful PE patients underwent 382 endoscopies [1.0 per follow-

up year, median 6 (1-40) per patient] and 136 EIS treatments (0.3 per
follow-up year), and their follow-up ended at a median age of
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8.6 years (1.0-28). Most endoscopies (n = 353, 92%) were screenings
or scheduled controls after EIS, in 28 (7%) the indication was GI bleed-
ing, and in one instance Gl symptoms. Half of the patients (n = 21,
47%) underwent EIS, with a median of five [1-22] treatments per pa-
tient. The first EIS was performed at median age 1.6 years (0.7-14). In
ten patients, varices were eradicated but reappeared later, and EIS was
resumed (Fig. 3). Eight patients experienced GI bleeding, the first bleed-
ing episode occurring at median age of 2.2 (0-12) years. In three, bleed-
ing originated from varices (grade 2 in one, grade 3 in two; associated
with gastric varices in one) and in five from other sources (one ulcera-
tive colitis, one Dieulafoy lesion, one vitamin K deficiency, and two un-
defined sources of bleeding despite extensive workup including
colonoscopy, capsule endoscopy, and enteroscopy). Five of the eight pa-
tients with GI bleeding had received primary prophylactic EIS before the
first bleeding episode. As shown in Table 1, only two (4%) patients bled
from varices after commencing EIS. EIS treatments caused no significant
complications.

4.3. Varices and bleeding after failed PE

Failed PE patients underwent 89 endoscopies [3.1 per follow-up
year, median 2 (1-13) per patient] and 55 EIS treatments (1.9 per
follow-up year), and their follow-up ended at median 0.9 year
(0.4-2.0). Three quarters of endoscopies (n = 68, 76%) were screenings
or scheduled controls after EIS. In 20 (23%) patients the indication was
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Fig. 2. (A-B) Survival without significant varices and endoscopic injection sclerotherapy EIS (A) and without variceal bleeding (B) for successful and failed portoenterostomy (PE) patients.

Group comparisons with log rank test.
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Fig. 3. Follow-up findings in 21 representative successful portoenterostomy patients who were treated with endoscopic injection sclerotherapy for significant varices. Each bar represents
one patient's follow-up with spotted bar parts representing periods without significant varices and gray parts periods when significant varices were treated. In the upper part of the figure,
the follow-up ended at liver transplantation (LT), and in the lower part, follow-up continues with native liver (NL). Follow-up time is in years.

Gl bleeding, and in one instance GI symptoms. Sixteen patients (59%)
received EIS, median 2 (1-11) treatments per patient. The first EIS oc-
curred at median age 0.8 years (0.4-1.9). EIS treatment induced variceal
bleeding requiring red blood cell transfusion and esophageal ulceration
in three occasions each. One patient with terminal liver failure and
repeated variceal bleeding died of esophageal perforation and
mediastinitis as a complication of EIS. As shown in Table 1, 13 (48%) pa-
tients experienced GI bleeding, which originated from varices in 11
(41%) [median grade 2 (1-3) associated with gastric varices in four].
In total, five (19%) patients experienced Gl bleeding before the first en-
doscopy, while four (15%) had variceal bleeding after commencing EIS.
The first bleeding episode occurred at median age 0.7 (0.4-1.6) years. In
9 out of 11 patients with variceal bleeding, EIS treatments continued
until LT or death. Age at PE was comparable between patients with

Table 2

and without GI bleeding [0.18 (0.04-0.70) versus 0.21 (0.11-0.25)
year, p = 0.791, respectively].

4.4. Noninvasive identification of significant varices

Following successful PE, liver biochemistry, liver stiffness, and differ-
ent predictive scores obtained at the time of endoscopy identified the
presence of significant varices with poor accuracy (AUROC 0.61-0.72,
Table 2 and Fig. 4). Individual liver biochemistry tests and scores
showed no meaningful changes between the two consecutive endos-
copies leading to discovery of varices (Table 3). Among failed PE pa-
tients, lowered plasma albumin concentration (optimal cutoff 25 g/L,
sensitivity 0.71, specificity 0.67) indicated the presence of significant
varices with an AUROC of 0.69 (95% CI 0.52-0.85, p = 0.030). In the

Prediction of significant varices at time of endoscopy among successful portoenterostomy (PE) patients (bilirubin <34 pmol/L at any point after PE, 45 patients, total 353 surveillance

endoscopies).

N AUROC Cutoff Sensitivity Specificity PPV NPV p
(95% CI)
Total bilirubin, pmol/L 329 0.61 (0.54-0.67) 18 0.41 0.79 0.52 0.70 0.001
GGT, U/L 304 0.61 (0.55-0.68) 144 0.48 0.68 0.43 0.71 0.017
APRI 287 0.64 (0.57-0.70) 1.01 0.92 0.49 0.43 0.90 <0.001
Varices prediction rule? 212 0.72 (0.64-0.79) 2.76 0.74 0.57 0.49 0.80 <0.001
Clinical prediction rule” 126 0.69 (0.60-0.79) 105 0.51 0.85 0.09 0.60 <0.001
Kings variceal prediction rule® 126 0.67 (0.58-0.77) 68 0.67 0.68 0.16 0.58 0.002
Liver stiffness, kPa 97 0.67 (0.56-0.79) 14.1 0.88 0.49 0.37 0.92 0.010

The cutoff was set at the highest sum of sensitivity and specificity. AUROC, area under receiver operating characteristic; CI, confidence interval; PPV, positive predictive value; NPV, negative

predictive value; APRI, AST to platelets ratio index.
2 Albumin * platelets / 1000.
b 0.75*platelet count)/(spleen size z-score +5) + 2.5*albumin.
¢ 3*albumin — 2*equivalent adult spleen size.
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Fig. 4. Scatterplots for individual markers aimed to predict the presence of significant varices at time of endoscopy among successful portoenterostomy (PE) patients (bilirubin <34 umol/L
at any point after PE, 45 patients, total 353 surveillance endoscopies). APRI, AST to platelets ratio index.

entire patient cohort, PE success was the strongest predictor of variceal
bleeding (Table 1).

5. Discussion

The future looks very different for BA patients whose PE succeeds or
fails. Shneider et al. showed that total bilirubin greater than or less than
34 umol/L three months after PE is a strong predictor of short-term out-
come [4]. Our data support this finding, confirming that esophageal var-
ices appear earlier and bleed more often among patients whose post-PE
bilirubin remains elevated. In most previous studies addressing varices
and variceal bleeding in BA [5,17,19,20], all patients were analyzed as
one group although their pretest probability of liver disease complica-
tions differs markedly. The fact that the postoperative course of the
liver disease depends essentially on PE success should be considered
in future studies.

Our findings indicate that following successful PE, esophageal vari-
ces may appear and reappear at any time during long-term follow-up
(Fig. 3). Although current studies are still limited in duration, the life-
long incidence of varices and GI bleeding increases with longer follow-
up. Within our primary prophylaxis program, varices that developed
after successful PE were controlled efficiently as only two (4%) patients

Table 3
Wilcoxon signed ranks test to explore individual changes in liver biochemistry and scores
when varices first appeared during follow-up before sclerotherapy.

Number of Negative Positive Ties p
pairs ranks ranks
Total bilirubin 32 12 16 4 0.45
GGT 31 21 8 2 0.02
APRI 29 20 9 0 0.09
Varices prediction 15 8 7 0 0.98

rule.?

Data pairs (total 38) were measured before two consecutive endoscopies: with no signif-
icant varices and with significant varices.
For liver stiffness, Clinical prediction rule, and King's variceal prediction rule <10 data pairs
were available.

¢ Albumin*platelets / 1000.

experienced variceal bleeding after commencing EIS. We can only spec-
ulate what the incidence and severity of GI bleeding in this group might
have been without the screening and primary prophylaxis program. In a
systematic review of 14 studies with BA patients with 20-year native
liver survival, 35 out of 162 (22%) patients had experienced GI bleeds
[21].

In the present study, the accuracy of the noninvasive predictors for
varices was disappointing. During longitudinal endoscopic variceal sur-
veillance, we found poor predictive values both before any endoscopic
interventions and after commencing EIS. However, VPR, CPR and K-
VaPS are originally derived from treatment-naive children, which
could explain their poor accuracy after EIS. Although VPR was the
most accurate predictor of varices, its AUROC remained less than 0.8 in-
dicating only modest accuracy. VPR components, albumin and platelets,
are easily available, but no online calculator seems to exist. CPR and K-
VaPS are less suitable for clinical work since they require calculations
with spleen size reference charts, which are based on a study with
only six to 36 children in each age and sex group [16]. Targeting screen-
ing endoscopies to those with APRI >1.01 would have reduced endos-
copies by 29%, and we would have missed significant varices in 10% of
patients excluded from endoscopy. AST and platelets as well as APRI cal-
culators are easily available.

Our patients underwent a large number of screening endoscopies
under general anesthesia necessitating a considerable amount of re-
sources. Repeated and especially prolonged general anesthesias may
predispose children to neurodevelopmental harm [9-11]. However,
general anesthesias for surveillance endoscopies are typically short,
which have not been associated with later neurodevelopmental issues
[22]. EIS is also associated with severe complications and the procedure
related mortality may be as high as 0.3% [1]. The risk of death as a con-
sequence of variceal bleeding appears to be 1%-3% in BA [1,3], but may
be lower if liver disease is otherwise compensated [1]. In two surveys of
doctors treating BA patients in Europe and Canada, 77%-85% would per-
form a screening gastroscopy if they clinically suspected varices in a BA
patient and 58%-100% would start primary prophylaxis measures for
varices [23,24]. Canadian families were less willing to accept endoscopy
related risks than Canadian doctors [24]. In previous studies, BA patients
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reported frequent hospital visits as the most important factor lowering
their quality of life [12,13]. For these reasons, we are actively looking for
the optimal and safest ways to reduce the number of endoscopies.

The Baveno VI consensus workshop pediatric symposium concludes
that EVL is preferable to EIS whenever possible and that EIS is only indi-
cated in secondary prophylaxis [1]. Our material includes two major
complications, both associated with secondary prophylactic treatment
of varices, one with EIS and one with EVL. The currently available EVL
devices are too large for infants, including most of the failed primary
treatment patients in this study. Following successful PE, it might be
wise to wait and perform the first screening endoscopy only when the
child is large enough to undergo EVL for primary prophylaxis. Our cen-
ter now uses EVL instead of EIS for all patients who weigh more than
10 kg.

The descriptive nature, uncontrolled intervention, and lengthy in-
clusion period are the main limitations of our study. The strengths in-
clude comprehensive, prospective standardized endoscopic follow-up
of a national cohort of BA patients and a relatively long follow-up time
in the successful PE group. Carefully collected long-term follow-up
data on endoscopic primary prophylaxis surveillance of esophageal var-
ices are scarce and our findings are a significant addition to international
evidence.

Despite primary prophylactic EIS in the failed PE group, 19% of pa-
tients had GI bleeds before the first endoscopy and 15% had variceal
bleeding episodes after commencing EIS. The bleeds occurred early
and permanent eradication of varices rarely succeeded before LT. In
these patients, the treatment focused on securing survival and thriving
until they received LT. Since variceal bleeding occurred often before the
first endoscopy and permanent eradication of varices was inconceiv-
able, earlier start of surveillance endoscopies seems indicated after
failed PE.

6. Conclusions

BA patients may benefit from endoscopic surveillance and primary
prophylaxis of varices after successful PE. Targeting of endoscopies
based on liver biochemistry, stiffness, and different prediction scores re-
mains unreliable during primary variceal prophylaxis protocol in BA.
Differing prognoses of successful and failed PE patients should be con-
sidered in future studies addressing esophageal varices and associated
bleeding in BA.
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