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Accuracy of echogenic periportal enlargement image in
ultrasonographic exams and histopathology

in differential diagnosis of biliary atresia
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Abstract

Objectives: To define the sensitivity, specificity and accuracy of the ultrasound triangular cord sign and hepatic

histopathology, in isolation or in combination, for diagnostic differentiation between biliary atresia and intrahepatic

cholestasis.

Methods: This was a retrospective study carried out between January 1990 and December 2004. Fifty-one cases

of biliary atresia and45of intrahepatic cholestasiswereanalyzed.Histopathologywasperformedblindbyapathologist.

The triangular cord sign was identified in ultrasound reports as the only diagnostic sign of biliary atresia. Sensitivity,

specificity and accuracy were calculated for the triangular cord sign and histology both in isolation and in combination.

The gold standard for diagnosis of biliary atresia was the appearance of the extrahepatic biliary tree via laparotomy.

Results: The triangular cord sign alone had sensitivity of 49%, specificity of 100% and accuracy of 72.5%.

Histopathology compatible with extrahepatic biliary obstruction alone had 90.2% sensitivity, 84.6% specificity and

87.8%accuracy. The triangular cord signandhistopathology in isolationor combination resulted in sensitivity of 93.2%,

specificity of 85.7% and accuracy of 90.3%.

Conclusions: Finding the triangular cord sign on ultrasound is an indication for laparotomy. If the triangular cord

sign is negative, liver biopsy is indicated; if histopathology reveals signs of biliary atresia, explorative laparotomy is

indicated. In cases where the triangular cord sign is absent and histopathology indicates neonatal hepatitis or other

intrahepatic cholestasis, clinical treatment or observation are recommended in accordance with the diagnosis.
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Introduction

Neonatal cholestasis syndrome is one of the greatest chal-

lenges to pediatric hepatology, due to the countless possible

causes and the need for rapid diagnosis of treatable condi-

tions. Neonatal cholestasis can be classified into two major

subsets, according to intrahepatic or extrahepatic causes. The

intrahepatic group includes countless clinical entities of a

metabolic, toxic or infectious nature. In contrast, the extra-

hepatic group - obstructive and surgical - is limited to a small

number of conditions: biliary atresia (BA), choledochal cyst,

bile duct stenosis and bile duct microlithiasis. The apparent

simplicity of this classification of the cholestasis may catch

out clinicians faced with a diagnostic dilemma that demands

rapid and precise resolution.1
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Biliary atresia is responsible for 45% of cholestatic dis-

eases in children. Prognosis is determined by surgical correc-

tion, using the Kasai procedure (hepatoportoenterostomy),

before 60 days of life.1

When investigating a newborn or infant with jaundice sec-

ondary to conjugated hyperbilirubinemia, abdominal ultra-

sound (US) is one of the tests with greatest diagnostic

relevance. Although it is considered operator-dependent, it is

accessible, low-cost, noninvasiveanddoesnot dependon liver

function.1 The lack of specificity for BA diagnosis of classical

ultrasound findings has been replaced by the prospect of

improving diagnostic accuracy based on a new sign visible on

US – the triangular cord sign –which was first described by

Korean authors.2-5 The triangular cord is a fibrous mass of tri-

angular or tubular shape that is located at the cranial portion

of the bifurcation of the portal vein and which is the ultrasono-

graphic manifestation of the fibrous tissue remnant in the

region of the porta hepatis.2

Notwithstanding,with theexceptionof explorative laparo-

tomy which is the gold standard, liver biopsy is considered

the best diagnostic test for BA. If the specimen contains five

to seven portal spaces, accuracy can reach 93% at centers of

excellence with pediatric pathologists trained in hepatology.6

The objective of this study is to define the sensitivity,

specificity and accuracy of the triangular cord sign (TCS) on

ultrasound and hepatic histopathology, in isolation or in con-

junction, for differential diagnosis between BA and the intra-

hepatic cholestasis.

Methods

Patients

This was a retrospective study carried out at the Pediatric

HepatologyDepartment at theHospital dasClínicas at theUni-

versidade Federal de Minas Gerais (UFMG) in Brazil. The

patient sample was made up of those infants aged less than 6

months who were referred to the department between Janu-

ary of 1990 and December of 2004 for investigation of the

causes of neonatal cholestasis syndrome. Patients who had

undergone US and/or liver biopsy were included in the study.

Infants were excluded if they were more than 6 months old,

had ultrasound diagnoses of choledochal cyst or bile duct

microlithiasis, had incomplete data on their medical records

or their workup had been performed at another institution.

The study sample therefore comprised 96 infants with

neonatal cholestasis. Fifty-one infants had a diagnosis of BA

confirmed by explorative laparotomy combined with intraop-

erative cholangiography where feasible.

Age at the time of ultrasound varied from 6 to 155 days

(mean: 68.6±32.0; median: 65.5). Liver biopsies were taken

from patients aged from 5 to 155 days (mean: 79.4±30.6:

median: 75.5).

Abdominal ultrasound

Ultrasound reports were checked for the presence or

absence of TCS. The triangular cord sign, viewed on trans-

verse and longitudinal scans following the portal vein, is seen

on ultrasound as a structure of echogenic density, with thick-

ness ≥ 3.0 mm, and a triangular or tubular shape, located at

the bifurcation of the portal vein affecting its first and second

order branches. No other ultrasound findings were taken into

account in this study.

Scanswereperformedbyseveral differentultrasoundspe-

cialists at the Radiology Department of the UFMG Hospital das

Clínicas. A range of different systems were used, depending

on date and circumstances, with 5.0 or 7.5 MHz linear probes.

Hepatic histopathology

Liver biopsies were taken percutaneously in 52.7% of

cases, using a Hepafix® 1.6 needle; the remainder were sur-

gicalwedgebiopsies. After being fixed in formol saline at 10%,

the liver specimen is processedusing routinehistological tech-

niques, up to setting in paraffin; the paraffin block is sec-

tioned with a microtome and, from each block, five slides are

produced of 5.0 to 7.0 µm thick histological sections, which

are stained with hematoxylin and eosin (HE), reticulin, Perls

(Prussian blue), Gomori’s or Masson’s trichrome and periodic

acid-Schiff (PAS) with and without diastase. Slides with less

than five portal spaces were excluded from the analysis.

Histopathological analysis of the liver biopsy slides was

performed blind by a single experienced pathologist from the

department.

Definitive diagnosis

Biliary atresia diagnoses were confirmed by explorative

laparotomy by means of macroscopic identification of the

atretic extrahepatic bile ducts and gallbladder and by opera-

tive cholangiography when it was feasible to inject a contrast

medium into the pervious gallbladder. Laparotomy, with or

without cholangiography, was therefore the gold standard for

BA diagnosis, since it is the only procedure that can defini-

tively confirm or rule out a diagnosis of BA.1,6,7 The surgical

team comprises four pediatric surgeons.

In order to diagnose clinical or intrahepatic cholestasis,

clinical follow-up was required, with remission of jaundice in

up to 3 months of observation and assessment of clinical sta-

tus plus the use of laboratory tests for certain diagnoses: idio-

pathic neonatal hepatitis, multifactorial cholestasis, Alagille

syndrome, alpha-1-antitrypsindeficiency, tyrosinemia, galac-

tosemia, and others.

Statistics

This is a retrospective study based on analysis of patient

medical records.

Data analysiswasperformedusing thepublic domain soft-

ware program Epi-Info, version 6.8
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Sensitivity, specificity and accuracy for the diagnosis of

BA were calculated for the TCS and for histopathological find-

ings of extrahepatic biliary obstruction in isolation. The same

parameters were then calculated for two other cases: in the

first case, both the TCS and histopathology compatible with

extrahepatic biliary obstruction were obligatory for diagnosis;

in the second, diagnosis could be made on the basis of one or

the other being positive.

The study was approved by Research Ethics Committee

at UFMG.

Results

When used as the only criterion for a diagnosis of BA, the

TCS (Figure 1) had sensitivity of 49.0% (95%CI 34.6-63.5)

and specificity of 100% (95%CI 89.6-100); accuracy was

72.5% (95%CI 62.0-81.1). There were, therefore, no

false-positives. Around 50% of cases of BA were, however,

false-negative on US, being wrongly classified as intrahe-

patic cholestasis.

Histopathology findings compatible with extrahepatic

obstruction of BA exhibited sensitivity of 90.2% (95%CI

77.6-96.3), specificity of 84.6%(95%CI68.8-93.6) andaccu-

racy of 87.8% (95%CI 78.8-93.4) when used as the only cri-

terion for diagnosis. Five of the 51 patients with BA were

false-negative, while six out of 39 intrahepatic cholestasis

patients who had histopathology compatible with BA, i.e.,

were false-positive.

When TCS and histopathology with extrahepatic obstruc-

tion were taken together for diagnosis of BA, sensitivity was

42.2% (95%CI 28.0-57.8) and specificity 100% (95%CI

86.3-100). Diagnostic accuracy was of the order of 65.8%

(95%CI 53.9-76.0).

When either of the two was accepted as sufficient for diag-

nosis, the resultswereas follows: sensitivity of 93.2%(95%CI

80.3-98.2), specificity of 85.7%(95%CI66.4-95.3) andaccu-

racy of 90.3% (95%CI 80.4-95.7).

Discussion

This is a retrospective study and as such is subject to the

limitations inherent to this type of design, such as the learn-

ing curve over time and changes related to improvements in

equipment and/or techniques. Data on periportal thickening

were obtained from a review of ultrasound reports. The scans

were performed by several different ultrasound specialists

since the patient load at the department is too great for all

scans to be performed by a single professional. It was there-

fore decided to reflect the prevailing reality in including

abdominal US scans that had been carried out by all of the

medical professionals who do US scans at the Radiology

Department of the UFMG Hospital das Clínicas. Despite this,

it was possible to achieve 100% specificity, as shown by the

pilot study by Pinto-Silva et al.,9 where sensitivity was 62.5%

using a single experienced examiner.

Table 1 is a synthesis of the experiences with ultrasound

of a selection of authors and the results of this study, with

emphasis onTCS for diagnosis ofBA.4,10-14 Except in the study

carried out in Japan, where scans were performed by two

ultrasound specialists, all of the others used single examiners.

When this study is compared with those from Asia and

Egypt, the sample from the UFMG Hospital das Clínicas is

larger than the others as a result of the 15-year study period,

Figure 1 - Triangular cord sign on first and second order branches
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which is a longer period than described by the other authors.

The sensitivity of 49.0% found here is equivalent to one half

to two-thirds of the values found by other studies, making the

exam inadequate for screening at our department if used in

isolation. This low sensitivity can be attributed to the hetero-

geneous nature of the ultrasound specialists’ levels of expe-

rience at recognizing the TCS image. If, on one hand, the low

sensitivity means that around half of BA cases were not diag-

nosed by US, the 100% specificity means that patients with

intrahepatic cholestasis will not be unnecessarily subjected

toexplorative laparotomy. TheTCS finding can speedup refer-

ral for laparotomy, making other diagnostic tests unneces-

sary, especially for patientswhoarriveat thedepartment later.

Training the ultrasound team involved with examining chil-

dren could improve the sensitivity of this investigative tech-

nique at identifying TCS.

Twenty-five of the 49 BA cases that underwent ultra-

sound and where TCS was not found would have had their

diagnosis of BA ruled out if persistent fecal acholia and hepatic

histopathology had not also been available during workup.

This demonstrates the need to include histopathology results

in the differential diagnosis of infants with cholestasis.

The sensitivity, specificity and accuracy of hepatic histo-

pathologyobservedhere is listed inTable2 togetherwithother

teams’ experiences.15-21 The last two studies were per-

formed in Brazil. This study was compared with the other two

Brazilian studies in view of the institutional similarities. In

common with our study, both the studies from the state of

São Paulo describe patients treated at public university

hospitals: Gastrocentro at the Medical Sciences Faculty of the

UniversidadeEstadual deCampinas20 and the InstitutodaCri-

ança at the Universidade de São Paulo.21 The sample in our

study was larger because it includes all cases of neonatal

cholestasis over a 15-year period. The neonatal cholestasis

samples in the Campinas and São Paulo studies were from

periodsof 4 years and6monthsand6years, respectively.20,21

From the total of 90 liver biopsies analyzed, based on the

criterion of extrahepatic obstruction compatible with BA, 11

cases were wrongly diagnosed. There were six false-positives

and five false-negatives. In view of the low sensitivity of US,

it was combined with hepatic histopathology to improve diag-

nostic performance.

There was a discrete improvement over histopathology in

isolation when either of the two diagnostic criteria was

accepted for diagnosis. Sensitivity rose from 90.2 to 93.2%,

specificity from 84.6 to 85.7%, and accuracy from 87.8 to

90.3%.

The only definitive diagnostic test for BA remains, to date,

explorative laparotomy, whether diagnosis is based on an

atretic gallbladder seen macroscopically, replaced by fibrous

remnants, or by intraoperative cholangiography.7,22 Never-

theless, less invasive preliminary tests capable of refining the

indications for laparotomy are necessary to avoid unneces-

sarily subjecting patients with cholestasis due to intrahepatic

causes to the procedure.

The low sensitivity of ultrasound means that combining it

with liver biopsy results is indispensable to obtaining diagnos-

tic confidence with relation to BA and, as a result, to safely

indicating laparotomy for children with neonatal cholestasis.

The merit of the TCS ultrasound sign lies in its 100% specific-

ity, which can be of aid in speeding up referral for laparotomy,

especially where infants arrive at the department aged more

than 60 days. All of the cases that exhibited the sign were con-

firmed as BA. Due to the improved diagnostic performance

offered by combining hepatic histopathology with the TCS, it

is recommended that TCS and histopathology be combined

for faster, more reliable, diagnoses.

Table 1 - Comparison between different authors’ findings for sensitivity, specificity and accuracy of triangular cord sign for diagnosis of BA

Authors Country n Sensitivity (%) Specificity (%) Accuracy (%)

Park et al., 19974 Korea 61 85.0 100.0 95.0

Kendrick et al., 200010 Singapore 60 83.3 100.0 96.7

Kotb et al., 200111 Egypt 60 100.0 100.0 100.0

Lee et al., 200312 Korea 86 80.0 98.0 94.0

Visrutaratna et al., 200313 Thailand 46 95.7 73.9 84.8

Kanegawa et al., 200314 Japan 55 93.0 96.0 95.0

Roquete et al. Brazil 91 49.0 100.0 72.5

BA = biliary atresia.
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The results of this study agree with the algorithm pro-

posed by Kotb et al.:11 the TCS sign seen on ultrasound is

enough to indicate laparotomy with cholangiography, if this is

feasible. If the TCS is negative, liver biopsy is indicated; if his-

topathology shows signsofBA, explorative laparotomy is once

more indicated. In cases where TCS is negative and histopa-

thology indicates neonatal hepatitis or other intrahepatic

cholestasis, clinical treatment or observation are recom-

mended in accordance with the diagnosis.
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