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Abstract

Background To perform correlation analyses between the ultrasonographic characteristics of porta hepatis lymph
nodes (PHLNSs) and the pathological features of PHLNs and the liver in biliary atresia (BA).

Methods \We analyzed the clinical ultrasonographic characteristics of PHLNs in 27 patients with BA, along with
specific pathological features, including pathological size, the number of bile granules, the number of germinal
centers, the proportion of lymphocytes, and the analysis of liver biopsy specimens. A series of correlation analyses
were then performed between ultrasonography data, pathological features, and prognosis.

Results The level of ultrasound echogenicity of PHLNs was positively correlated with the number of bile granules
(r=0.377,p=0.004), while ultrasound and pathological size were also positively correlated with the number of
germinal centers (r=0.591, p=0.001; r=0.459, p=0.016, respectively). No significant correlations were detected
between the stage of liver fibrosis and pathological features or postoperative jaundice (all p > 0.05). Different types of
lymphocytes proliferating in the livers, and CD8 + cells were positively correlated with the pathological size of PHLNs
(r=0.390, p=0.045; r=0.424, p=0.028, respectively), and the number of germinal centers(r=0.554, p=0.003; r=0.482,
p=0.011, respectively).The ultrasonographic and pathological size of PHLNs were only positively correlated with the
serum levels of direct bilirubin(r=0431, p=0.025; r=0.593, p=0.001, respectively).Finally, the pathological size of
PHLNs and the number of CD8+ cells in the liver were negatively correlated with the reduction of jaundice following
Kasai portoenterostomy (KPE) surgery (r=-0.385, p=0.047; r=-0.567, p=0.0411; r=-0.002, p=0.033, respectively).

Conclusions Analyses demonstrated that the ultrasonographic features of PHLNSs are significantly correlated with
pathological features of PHLNs and the liver. In addition, the enlargement of PHLNs might represent a prognostic
predictor following KPE surgery.
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Introduction

Surgeons often observe enlarged porta hepatis lymph
nodes (PHLNSs) in children when performing Kasai sur-
gery for biliary atresia(BA) [1]. Previous studies have
shown that the enlargement of PHLNSs is related to the
BA severity [2, 3]. Bove et al. [4] reported that lymphoid
follicle hyperplasia was frequently detected in the PHLNs
of children with BA, and that 53% of these nodes had
germinal centers. The main factor contributing to the
size of PHLNs known to be variable expansion of the
inter follicular cortical lymphoid tissue in combination
with reactive sinusoidal histiocytosis with a mixture of
hematopoietic precursors and bile-stained macrophages.
Consistent with the data reported by Bove et al. [4], our
previous study also reported the detection of bile gran-
ules in enlarged PHLNs [5]. We hypothesized that mac-
rophages phagocytize bile granules in the liver and then
drain them into the PHLNs along with the lymph fluid,
thus initiating an immune response, and causing reactive
PHLNSs hyperplasia. However, this hypothesis has yet to
be fully confirmed. Furthermore, it has not been estab-
lished whether there are correlations between microen-
vironmental changes, such as immune cell composition,
the number of germinal centers, and the number of bile
granules in the PHLNs of patients with BA, and the ultra-
sonographic characteristics of the PHLNs.

In BA, it is possible that the enlargement of PHLNs
may be associated with liver fibrosis and the infiltration
of inflammatory cells into the liver. Some studies have
shown that the inflammatory response mediated by T
cells in the liver plays a crucial role in the pathogenesis
of BA [6, 7]. Pathologically, a large number of CD4 +and
CD8+ T lymphocytes have been detected around the epi-
thelium of the bile duct of the liver in patients with BA
[6, 7]. CD4+T cells regulate immune inflammation by
secreting and activating inflammatory cells and inflam-
matory factors, thus accelerating liver inflammation and
leading to BA [8]. Active CD8+cytotoxic T cells have
been shown to damage the epithelium of the bile duct
and disrupt important physiological processes, such as
the flow of bile [9].

In this study, we investigated the possible pathological
mechanisms underlying PHLN enlargement by analyzing
the correlations between ultrasonographic features and
pathological features of PHLNs and the liver.

Methods

Patients

This study was approved by the Institutional Clinical
Research Ethics Committee of Fujian Provincial Mater-
nity and Children’s Hospital in accordance with the
Declaration of Helsinki, and written informed parental
consent was waived due to the retrospective nature of the
study. Between June 2019 to December 2021, we collated
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clinical data and pathological specimens of liver tissue
and PHLNSs from 27 patients with BA. The inclusion cri-
teria were as follows: (1) pathological specimens needed
to include PHLNs and liver tissues; (2) the patient had
a complete set of laboratory examination data, includ-
ing preoperative and postoperative follow-up clinical
biochemical indicators. As a control group, we acquired
samples of liver tissues from 15 patients with choledochal
cysts.

Prognosis was judged by assessing whether jaundice
disappeared (a total bilirubin level <34.2umol/L) three
months after receiving the Kasai operation [10-13].

Ultrasonography techniques

All patients underwent abdominal ultrasound (US) scan-
ning which was performed by two operators with more
than 10 years of experience in pediatric US. The opera-
tors utilized a Voluson E8 scanner (GE Medical Systems)
incorporating a 4—8 MHz curvilinear transducer and an
11-MHz linear array transducer. First, high-frequency
transducers (>10 MHz) were used to detect PHLNS.
PHLNs were detected at the porta hepatis, in front of the
main portal vein, and around the hepatoduodenal liga-
ment. The maximal length and width of the PHLNs were
measured and the number, shape, and echogenicity of the
PHLNSs were recorded. The size of the PHLNs was evalu-
ated by calculating the cross-sectional area (area=maxi-
mum length x maximum width). PHLNs shape was
categorized as regular (including circular or elliptical
nodes) or irregular. Hyperechogenicity was defined when
the ultrasonic echogenicity of the PHLNs was higher
than that of the liver; in contrast, hypoechogenicity was
defined when the ultrasonic echogenicity of the PHLNs
was lower than that of the liver. If the patient had more
than one detectable PHLNS, only the largest node was
used for data analysis.

Histological and immunohistochemical staining

The PHLNs of all specimens were cut along the maxi-
mum diameter, and the maximal length and width were
measured. The width was perpendicular to the maximal
length, and the largest cross-sectional area was defined as
the maximal lengthx the maximal width. If a patient had
more than one detectable PHLNS, then only the largest
node was selected for data analysis.

We used microscopy to observe and count the num-
ber of bile granules in sections of PHLNS. In this study,
bile granules refer to bile pigment deposition particles
observed in PHLN by hematoxylin-eosin (HE) staining,
which were usually located in phagocytes and were about
1-5 pm in diameter. Macrophages were confirmed by
staining with CD68 antibody (Table S1), and bile-stained
macrophages were defined as cells showing both CD68
positivity and bile pigment deposition. The number of
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bile granules were classified into three grades: grade 0
(no bile granules), grade 1+ (1-2 bile granules), grade 2+
(3—10bile granules), and grade 3+ (> 10bile granules).

Formalin-fixed and paraffin-embedded PHLNs were
routinely sectioned and stained with antibodies against
BCL-6, CD21, CD3, CD20, CD4, CD8 (Table S1). The
number of germinal centers in PHLNs was quantitatively
determined by immunohistochemical (IHC) staining of
BCL-6 and CD21, and the number of different types of
lymphocytes were semi-quantified according to the per-
centage of positive cells as a proportion of the total num-
ber of cells (including all positive and negative cells).

Formalin-fixed and paraffin-embedded liver samples
were routinely sectioned and stained with Masson tri-
chrome (Fuzhou Maxnew Biotech Co., Ltd.)and stained
with CD3, CD20, CD4, and CD8 (Table S1).The staging
of fibrosis in liver samples from patients with BA, and
choledochal cysts, was evaluated according to Scheuer’s
fibrosis staging criteria [14]. Five hepatic lobules and por-
tal area images (400x,3.60x2.97mm?) were randomly
acquired from each liver sample under 400x magnifica-
tion (Leica microscope with a DFC450 camera), and the
number of different types of lymphocytes were quantified
in each field-of-view. The mean value was determined as
the density of each positive cell when applying specific
exclusion criteria, as follows: (1) the presence of other
positive cells, such as interstitial cells and histiocytes; (2)
perivascular lymphocytes; and (3) lymphocytes in lym-
phoid follicles [15, 16].

Statistical analysis

All statistical analyses were performed with SPSS ver-
sion 20.0statistical software. The Shapiro-Wilk test was
used to test whether quantitative data conformed to the

Page 3 of 9

normal distribution. Pearson’s correlation or Spearman’s
rank correlation was used to analyze the correlations
between quantitative variables or between quantitative
variables and rank variables. Point-biserial analysis was
used to analyze the correlations between two classifica-
tion variables and quantitative variables. Kendall’s Tau-b
analysis was used to analyze the correlation between rank
variables while Rank-biserial analysis was used to ana-
lyze the correlations between binary variables and rank
variables. Fisher’s exact probability method was used to
analyze the correlations between unordered categori-
cal variables. The t-test or Mann-Whitney U test was
used to analyze the differences in quantitative variables
between the choledochal cyst group (the control group)
and the BA group. The c2 test or Fisher’s exact probabil-
ity method was used to compare the distribution of cate-
gorical variables between the choledochal cyst group and
the BA group. Statistically significant differences were
defined as those with p values < 0.05.

Results

Ultrasonographic features

The maximal area of PHLNs on US images taken from
27 patients with BA ranged from 59.5 to 296mm?, with a
median and interquartile range of 80.8 (68—131.3) mm?
In total,24 patients (88.9%,24/27) had more than two
PHLNS, and three patients (11.1%,3/27) had only one
PHLN. Nine patients (33.3%,9/27) had PHLNSs that were
round while 18 patients (66.7%,18/27) had PHLNs that
were irregular. The boundaries of all PHLNs were clear
(100%,27/27); five patients (18.5%,5/27) were hypoechoic
(Fig. 1A) and 22 patients (81.5%,22/27) were hyperechoic
(Fig. 1B).

Fig. 1 Ultrasonic features of PHLNs in BA. (A) Male, 45 days: there were two PHLNs around the main portal vein in the hilar area, showing moderate and
low echogenicity. (B) Male, 35days: there were two PHLNs around the main portal vein in the hilar area, and echogenicity was obviously enhanced. PHLN,

porta hepatis lymph node; BA, biliary atresia
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Clinical-pathological features

A total of 42 patients were included in this study, includ-
ing 27 patients with BA and 15 patients with choledochal
cysts (the control group). There were significant differ-
ences between the two groups in terms of gender and
age (p=0.044, p=0.0432, respectively) (Table S2). Serum
levels of direct bilirubin (DBIL), indirect bilirubin (IBIL),
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST) and gamma-glutamyl transpeptidase (GGT)
in the BA group were significantly higher in the BA group
than in the choledochal cyst group (p<0.001 for all)
(Table S2).

PHLNs of all 27 patients with BA were detected
(Fig. 2A). The pathological size of the LNs ranged from
13.46 to 190.59mm?, with a median of 67.75 (39.61—
103.59) mm? (Table S3). Different degrees of lymphoid
follicle hyperplasia were observed (Fig. 2B) (Table S3).
Germinal centers were detected in 25 patients (25/27,
92.59%) (Fig. 2C). In addition, different numbers of
bile granules were observed (Fig. 2D); nine patients
were gradel+ (9/27, 33.33%), seven patients were
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grade2+ (7/27, 25.93%), and 11 patients were grade3+
(11/27,40.74%) (Table S3).

The pathological area of PHLNs was positively cor-
related with the number of germinal centers (r=0.591,
p=0.001) (Table 1). There was no significant correlation
between the number of bile granules and germinal cen-
ters in PHLNs in patients with BA (p>0.05) (Table 1).
The pathological size of PHLNs in BA, and the num-
ber of germinal centers and bile granules, were not sig-
nificantly correlated with the proportions of different
lymphocytes(p > 0.05 for all) (Table 1).

Correlations between ultrasonographic features and
pathological features

Correlation analysis between ultrasonographic features
and the pathological features of PHLNSs in patients with
BA showed that the level of ultrasonic echogenicity was
positively correlated with the number of bile granules
(r=0.377, p=0.004, Table 2). The correlation between
pathological size and the number of germinal centers
was not statistically significant (p>0.05, Table 2). The

Fig. 2 PHLNSs. (A) PHLNs were stained with HE. (B) CD21 staining of PHLNs and the follicular dendritic network of lymphatic follicle germinal centers were
positive (IHC,x100). (C) BCL-6 staining in PHLNs showing positive germinal centers in lymph follicles (IHC, x100). (D) 1-2bile granules (grade 1+4) were
observed by microscopy across an entire section of PHLNs (HE, x400). PHLN, porta hepatis lymph node
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Table 1 Correlation analyses of the pathological features of PHLNs in the BA group (N=27)
Bile granules Germinal center CD3+T CD20+B CD4+T CD8+T
quantity grading quantity cell ratio cell ratio cell ratio cell ratio
Pathological size (mm?) 0.247 0.591 0.0288 -0.184 -0.015 0.078
(0.213) (0.001) (0.887) (0.357) (0.941) (0.697)
Germinal centers 0.133 1.000 0.068 0.026 -0.244 0.092
(0.508) (0.735) (0.899) (0.220) (0.649)
Grading of the number of bile granules 1.000 0.133 0.203 -0.314 0.294 0.265
(0.508) (0.245) (0.068) (0.108) (0.154)

p value is given in brackets
PHLN, porta hepatis lymph node; BA, biliary atresia

Table 2 Relationship between ultrasonographic features and

the pathological features of PHLNs in the BA group
Ultrasound
echogenicity

Ultrasound area

Correlation Pvalue Correlation P

coefficient coefficient value
Pathological size 0.079 0.697 0317 0.108
(mm?)
Number of germinal ~ 0.158 0432 0459 0016
centers
Grading of the num-  0.377 0.004 0.354 0.070

ber of bile granules
PHLN, porta hepatis lymph node; BA, biliary atresia

ultrasonic size was positively correlated with the number
of germinal centers (r=0.459, p=0.016, Table 2). How-
ever, there was no significant correlation between patho-
logical size and the number of bile granules(p >0.05 for
all, Table 2).

Correlations between the pathological features of PHLNs
and pathological features in the liver
Analysis showed that the stages of liver fibrosis in the27
BA patients ranged from 2 to 4 (Table S4). No correla-
tions were detected between pathological features and
the stage of liver fibrosis (p > 0.05 for all, Table S5).
Different degrees of lymphocyte infiltration were
observed in the hepatic lobule and portal area of the liver
in the BA group (Fig. 3A and B) (Table S6). Furthermore,
more CD3+T lymphocytes, CD20+ B lymphocytes and
CD4+ T lymphocytes were distributed in the portal area
than in the hepatic lobules (p<0.001, Table S6). Corre-
lation analysis showed that the pathological size of the
PHLNSs was correlated with the number of CD8+ T cells
in the hepatic lobule (r=0.390, P=0.045) (Fig. 3C), and
the portal area (r=0.424, p=0.028) (Fig. 3D) (Table 3).
The number of germinal centers was positively correlated
with the proportions of CD3+T cells and CD8+T cells
in the hepatic lobules and portal area (p<0.05 for all).
However, there was no significant correlation between
the number of germinal centers and the proportions
of CD20+B and CD4+T lymphocytes (p>0.05 for all,
Table 3). There was no significant correlation between

the number of bile granules in PHLNs and the propor-
tion of lymphocytes in the liver (p >0.05 for all, Table 3).

Compared with the choledochal cyst (control) group,
the stage of liver fibrosis in the BA group mainly ranged
from stage 3 to 4 (77.78%); this compared to stages 0 and
1 in the choledochal cyst group (accounting for 80%)
(Table S7). The number of lymphocytes in the BA group
was also significantly higher than that in the choledochal
cyst group (Table S7).

Correlations between ultrasonographic, clinical-
pathological features, and prognosis

The ultrasound and pathological size of PHLNs in
patients with BA were only positively correlated with the
serum level of direct bilirubin (Table S8). There was no
significant correlation between ultrasound echogenicity,
the number of bile granules, the number of germinal cen-
ters, and each clinical index (Table S8).

In this study, jaundice disappeared in 14 patients with
BA (51.9%). For the rest 13 patients (48.1%), jaundice per-
sisted for three months after KPE surgery. The pathologi-
cal size of PHLNS in patients with BA, and the number of
CD8+T cells in the hepatic lobule and portal area, were
negatively correlated with the reduction of jaundice three
months after KPE surgery. There was no significant cor-
relation between the other types of lymphocytes in the
liver (p >0.05 for all, Tables 4 and 5) and ultrasound size
and echogenicity, the number of bile granules, the num-
ber of germinal centers, and the stage of liver fibrosis.

Discussion

In a previous study, Bove et al. [4] reported that PHLNs
in patients with BA were significantly larger than those
incidentally found at the junction of the hepatic duct
and cystic duct around the proximal biliary remnant at
or near the lesions, thus suggesting an important rela-
tionship between PHLNs and BA. Furthermore, these
authors also found that lymphoid follicle hyperplasia was
often observed in the enlarged PHLNs; the mean number
of germinal centers was 3.2/mm? and the number of ger-
minal centers correlated with the area and increased with
age [4]. The germinal center is a place where B cells dif-
ferentiate and represents the immune response of human
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Fig. 3 Lymphocyte infiltration in the liver. (A) Scattered lymphocyte infiltration in the hepatic lobule of a liver in BA group (HE, x400). (B) A large num-
ber of lymphocytes infiltrating the portal area of the liver in the BA group (HE, x400). (C) Immunohistochemical staining of CD8+T lymphocytes in the
hepatic lobule of liver in the BA group (IHC, x400). (D) Immunohistochemical staining of CD8+T lymphocytes in the hepatic portal area of the BA group

(IHC,x400)

Table 3 Correlation analyses between the pathological features of PHLNs and liver lymphocytes in the BA group

CD3+T cells CD20+8B cells CD4+T cells CD8+T cells
Hepatic lobule Hepatic Hepatic Hepatic Hepatic Hepatic Hepatic Hepatic
portalarea  lobule portalarea  lobule portalarea  lobule portal
area
Pathological size(mm?) 0336 0.173 -0.194 -0.196 0.208 0.049 0.390 0424
(0.087) (0.389) (0.332) (0.327) (0.297) (0.808) (0.045) (0.028)
Bile granules -0.105 -0.354 -0.183 -0.352 0.089 -0.029 —0.269 (0.175) -0.354
(0.603) (0.070) (0.362) (0.072) (0.658) (0.886) (0.070)
Germinal centers 0480 0490 0.187 -0.042 0.297 0.261 0.554 0482
(0.011) (0.010) (0.351) (0.836) (0.132) (0.189) (0.003) 0.011)

p value is given in brackets
PHLN, porta hepatis lymph node; BA, biliary atresia

LNs to antigenic stimulation. This process needs to occur
one to two weeks after exposure to an antigen, and has
been observed in perinatal infant autopsy [17]. In addi-
tion, bile-stained macrophages are also one of the main
factors contributing to the enlargement of PHLNs [4].
Consistent with the study by Bove et al. [4], our present
data show that more than 90% of PHLNS in patients with
BA produced a variable number of germinal centers; in

addition, bile-stained macrophages were observed. Bile-
stained macrophages (confirmed by CD68 IHC) may
contribute to PHLN enlargement in part by phagocytosis
of bile pigment, but their number was not significantly
correlated with hepatic lymphocyte infiltration, sug-
gesting that their immune activation role was limited.
Instead, PHLN swelling was more likely driven by germi-
nal center activation. The phagocytosis of macrophages
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Table 4 Ultrasonic features of PHLNs in the BA group, the
pathological features of PHLNs and their correlation with
prognosis

Prognosis Pvalue
Correlation coefficient
Ultrasound size (mm?) 0.174 0.385
Ultrasound echogenicity? / 0370
Pathological size (mm?) -0.385 0.047
Germinal centers 0.236 0.237
Bile granules -0.126 0452

a: Fisher’s exact probability method was used to analyze the correlation
between unordered categorical variables

PHLN, porta hepatis lymph node; BA, biliary atresia

Table 5 Correlation analyses between the pathological features
of the liver and the prognosis of BA

Prognosis
Correlation P
coefficient value
Liver fibrosis / 1.000
stage®
CD3+T cells Hepatic lobule area 0313 0.112
Hepatic portal area 0.284 0.151
CD20+T cells Hepatic lobule area 0.110 0.584
Hepatic portal area -0.042 0.835
CD4+T cells Hepatic lobule area 0.344 0.079
Hepatic portal area 0.376 0.053
CD8+T cells Hepatic lobule -0.567 0.002
Hepatic portal area -0411 0.033

a: Fisher’s exact probability method was used to analyze the correlation
between unordered categorical variables

BA, biliary atresia

may only be a passive response to cholestasis, rather
than a core mechanism of BA inflammation. The rela-
tionship between bile granules in PHLNs and immune
response PHLNS still needs to be further verified by ani-
mal experiments.

Hepatic fibrosis is an important pathological mani-
festation of BA. Hepatic fibrosis can cause bile drainage
disorder, thus resulting in reduced intrahepatic bile dis-
charge, thereby affecting the drainage of PHLNs. This
study did not find a statistically significant correlation
between PHLNs enlargement and the degree of liver
fibrosis. However, the increase in the area and number
of germinal centers in PHLNSs is associated with CD8 +in
the liver. The infiltration of T lymphocytes indicates
that PHLNs may participate in the pathological process
of BA through immune regulation. Its specific relation-
ship with liver fibrosis needs further study. Following
biliary obstruction, immune-mediated biliary injury
persisted regardless of the restoration of bile flow after
KPE surgery, thus suggesting that bile extravasation can-
not be the sole explanation for liver injury [18]. It is still
unclear whether the obvious inflammatory reaction in
and outside of the liver in patients with BA is a secondary
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reaction to cholestasis and biliary obstruction or the root
cause of bile duct destruction and liver fibrosis [19].

The inflammatory response mediated by T cells in the
livers of patients with BA plays a crucial role in disease
pathogenesis. Previous studies have shown that hepatic
inflammatory cells are mainly infiltrated by CD4+and
CD8+T cells [6, 7], especially CD8+ T lymphocytes. In
this study, we detected obvious infiltration of CD4+T
cells and CD8+T cells in the hepatic lobule and portal
area; these observations do not concur with those of Dav-
enport et al. and Mack et al., who previously reported that
CD4+T cells were the most common form of lympho-
cytes [19-21]. In a previous study, involving a rotavirus-
infected mouse model of BA, researchers found that the
increased infiltration of CD4+T and CD8+ T cells could
trigger inflammation and lead to biliary epithelial damage
[22-24]. Shivakumar et al. [9] found that the reduction of
CD4+T cells did not change the progression of inflam-
matory injury and bile duct obstruction, and that the loss
of CD8+T cells significantly inhibited bile duct damage
in an animal model, thus indicating that bile duct dam-
age was mainly due to CD8+ T cells. In the present study,
we detected larger areas and higher numbers of germinal
centers in PHLNs, along with a high number of CD8+T
lymphocytes in the livers of patients with BA, thus sug-
gesting that the severity of liver bile duct injury could be
reflected by the size of PHLNs.

In this study, we did not identify a significant correla-
tion between PHLNs and B lymphocytes in the liver. At
present, the specific role of B lymphocytes in BA remains
unclear. B lymphocytes mainly play an auxiliary role in
BA and do not only activate T cells by secreting cytokines
[25]; they also activate T cells by secreting their own anti-
gens to promote T cell activation and pathogenic func-
tion [26—28]. The depletion of B lymphocytes in BA has
been associated with impaired effector T cell activation
and protection from biliary injury, further confirming
the helper role played by B lymphocyte [28]. The specific
relationship between PHLNs and B lymphocytes in the
liver has yet to be fully elucidated.

In the present study, the stage of fibrosis and the degree
of inflammatory infiltration in the BA group were signifi-
cantly higher than those in the choledochal cyst (control)
group, thus indicating that BA was a serious inflam-
matory disease that often causes damage to the liver
and bile duct. In an animal model of BA, CD8+T lym-
phocytes in the liver can be activated in the early stage
of the disease, thus leading to biliary epithelial damage;
this process can also induce the expression of osteopon-
tin in the biliary tract and biliary stromal cells to initiate
biliary fibrosis [29]. Previous studies have shown that
osteopontin is a pro-fibrotic cytokine and a driver that
bridges fibrosis with pleiotropic effects on cell prolifera-
tion, migration, inflammation and fibrosis [30-32]. In
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an experimental model of cholestasis, the expression of
osteopontin has been shown to be associated with the
stage of biliary fibrosis in infants with BA by regulating
the interaction of TGF-p with hepatic stellate cells and
myofibroblasts secreting collagen 1 [33]. In the presents
study, the number of various types of T lymphocytes in
the livers of patients in the BA group were significantly
higher than those of the control group, thus resulting in
differing severities of liver fibrosis; these findings concur
with those reported by previous studies [6, 7].

It has been reported that the degree of enlargement in
PHLNS is related to the progression of BA [2, 3]. Con-
sistent with previous studies, our analyses showed that
the pathological size of the PHLNs was negatively cor-
related with jaundice following KPE surgery; in other
words, the larger the size, the worse the prognosis. This
may be because the size of the PHLNS reflects the sever-
ity of cholestasis (increased phagocytosis in bile granules)
and the degree of inflammation in the hepatobiliary sys-
tem (an increased number of germinal centers). However,
in the present study, there was no significant correlation
between the ultrasonographic size of the PHLNSs area and
the prognosis of patients following KPE surgery. This lack
of significance may be due to the fact that this study was
retrospective, because the number of BA specimens was
small, and because the PHLNs displayed by ultrasound
were not completely consistent with those obtained
during surgery. In contrast to the findings reported by
Ahmed et al. and Derkow et al. [34, 35], we found that a
greater number of CD8+ T lymphocytes in the livers of
patients with BA, the worse the effect of jaundice reduc-
tion three months after surgery. Our findings also differ
from those reported by Zhang et al. who reported that
increased numbers of CD4 + T cells were associated with
a poor prognosis [36]. The results are inconsistent which
may be related to the method used to determine the
number of lymphocytes; some authors used semi-quan-
titative methods for counting, while others use quantita-
tive counting methods.

The study has some limitations that need to be consid-
ered. First, we only studied the pathological features of
PHLNSs in BA; we did not conduct pathological analysis
on the potential small PHLNs of choledochal cysts. Sec-
ond, we only analyzed 27 patients; this could have exerted
impact on statistical validity. Finally, we did not perform
animal experiments to investigate the specific pathologi-
cal mechanisms that might underlie PHLNs enlargement.
These limitations need to addressed in future research.

Conclusions

In conclusion, our analyses found that the ultrasono-
graphic features of PHLNs in BA are correlated with the
pathological features of PHLNSs and the liver. In addition,
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the enlargement of PHLNs might play a role in predicting
prognosis following KPE surgery.
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