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Abstract

Cervical lymphadenopathy in Children: a diagnostic
tree analysis model based on ultrasonographic and

clinical findings
Ji Eun Park

Collage of Medicine, Department of Clinical Medical Sciences
The Graduate School

Seoul National University

Purpose: To establish a diagnostic tree analysis (DTA) model based
on ultrasonography (US) findings and clinical characteristics for
differential diagnosis of common cervical lymphadenopathy in

children.

Materials and Methods: A total of 242 patients (131 boys, 111 girls;
mean age, 11.240.3 years; range, 1 month to 18 years) with
pathologically confirmed Kikuchi disease (n=127), reactive
hyperplasia  (n=64), lymphoma (n=24), or suppurative
lymphadenitis (n=27) who underwent neck US were included. US
images were retrospectively reviewed to assess lymph node (LN)
characteristics and clinical information was collected from patient

records. DTA models were created using a classification and
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regression tree algorithm on the basis of US imaging and clﬂinicall
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findings. The patients were randomly divided into training (70%,
170/242) and validation (30%, 72/242) datasets to assess the

diagnostic performance of the DTA models.

Results: In the DTA model based on all predictors, perinodal fat
hyperechogenicity, LN echogenicity, and short diameter of the
largest LN were significant predictors for differential diagnosis of
cervical lymphadenopathy (overall accuracy, 85.3% and 83.3% in
the training and validation datasets, respectively). In the model
based on categorical parameters alone, perinodal fat
hyperechogenicity, LN echogenicity, and loss of fatty hilum were
significant predictors (overall accuracy, 84.7% and 86.1% in the

training and validation datasets, respectively).

Conclusions: Perinodal fat hyperechogenicity, heterogeneous
echotexture, short diameter of the largest LN, and loss of fatty
hilum were significant US findings in the DTA for differential
diagnosis of cervical lymphadenopathy in children. However, the
application of short—diameter cutoff values is limited by population
diversity, and other clinical and radiological findings should be taken

into account.
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Introduction

Cervical lymphadenopathy 1s one of the most common problems
encountered in children [1]. Since cervical lymphadenopathy is a
non—specific clinical manifestation of various diseases, its
differential diagnosis should cover a wide range of diseases.
Although patient history and physical examination provide
substantial information, further work—up to identify the underlying

etiology is required in many cases [2—6].

Although infectious lymphadenitis i1s the major etiology of
pediatric cervical lymphadenopathy, various noninfectious causes
also require diagnostic consideration, including malignancies such as
lymphoma, and inflammatory lymphadenitis such as Kikuchi’s
disease, Kawasaki disease, and connective tissue disorders—
associated lymphadenopathies. The diagnostic work—up or
therapeutic strategy varies significantly according to the underlying
diseases of suspicion. For instance, In cases suggestive of
lymphoma, core needle biopsy (CNB) or excisional biopsy is
essential for diagnosis, whereas in cases suggestive of Kikuchi
disease, which generally has a self—limiting benign course, biopsy

may not be necessary. However, Kikuchi disease can initially mimic



the clinical presentation of lymphoma, as it generally presents with
fever, cervical lymphadenopathy, and night sweats [7—8]; therefore,
a biopsy is occasionally performed in these cases for differentiation.
Moreover, even cases of clinically suspected lymphadenopathy
associated with Kikuchi disease or infectious lymphadenitis often
require further diagnostic assessments, such as image examinations
or biopsy, to rule out malignancy or rare diseases. Thus,
appropriate establishment of a presumptive diagnosis based on
clinical information and imaging findings is crucial for determining

the further diagnostic work—up [9].

Ultrasonography (US) is the most appropriate imaging modality
for initial assessment of pediatric cervical lymphadenopathy
because of its availability and non—invasiveness [10]. Unlike
computed tomography (CT), US does not involve radiation
exposure, contrast media, or sedatives. Moreover, US provides
high—resolution imaging information of LN characteristics, including
size, shape, margin, internal echogenicity, vascularity, and perinodal

soft tissue.

Although multiple diseases should be comprehensively

considered as the etiology of cervical lymphadenopathy in children,
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most studies on US imaging findings of pediatric cervical
lymphadenopathy only cover two diseases of interest, such as
metastasis vs. reactive lymphadenopathy, Kawasaki disease vs.
lymphadenitis, tuberculous lymphadenitis vs. Kikuchi disease, and
lymphatic disease vs. metastatic disease [11—14]. According to
previous studies, a combination of multiple imaging features instead
of a single imaging finding has been found to be useful iIn
discriminating causes in cervical lymphadenopathy among children
[13; 15—17]. Therefore, assessment of pediatric lymphadenopathy
requires a method of discriminating various diseases by combining
various clinical and imaging findings, that is, a diagnostic tree
analysis (DTA) model. Although the diagnostic tree for necrotic
cervical lymphadenopathy in adults has been published [18], there
are no corresponding studies on children. Thus, our study aimed to
suggest a DTA model based on US findings and clinical
characteristics for differential diagnosis of common cervical

lymphadenopathy in children.



Material and methods

Patients selection

Patients under 19 years of age who underwent neck US with
pathologic confirmation of the lymphadenopathy from 2012 to 2018
(n = 927) were included in our study. Among these patients, 316
received pathologic confirmation of the enlarged cervical LN (CNB,
230; fine needle aspiration [FNA], 44; and excisional biopsy [with
or without CNB or FNA], 42). Our study intended to establish a
DTA model based on imaging findings and clinical characteristics
for differential diagnosis of common cervical lymphadenopathy in
children; therefore, we excluded 74 patients due to the following
reasons: (a) disease groups with less than twenty patients (n = 35)
and (b) inconclusive pathologic results (n = 39). Since FNA vyielded
many inconclusive reports, including "nonspecific benign" or
"Inadequate," diagnoses by FNA results were accepted as definitive
diagnoses only in the suppurative lymphadenitis group or lymphoma

group. The flowchart for patient inclusion is shown in Fig. 1.

Finally, a total of 242 patients (131 boys and 111 girls; mean

age, 11.2 + 0.3 years; range, 1 month to 18 years) with
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pathologically confirmed Kikuchi disease (n = 127), reactive
hyperplasia (n = 64), lymphoma (n = 24), and suppurative
lymphadenitis (n = 27) who underwent neck US were included. The
patients underwent FNA (n = 15), CNB (n = 195), or excisional

biopsy (n = 32) for histopathological confirmation.

Clinical information was reviewed, including age, sex, cervical
tenderness, erythema, heat sense, fever, hepatomegaly,
splenomegaly, and history of antibiotic use. In addition, laboratory
results such as white blood cell (WBC) count, C—reactive protein
(CRP) level, and erythrocyte sedimentation rate (ESR) were

collected.

Ultrasonography, core needle biopsy, and fine needle

aspiration

Grayscale and color Doppler US images were obtained with a
Philips ultrasonography system (U22 or EPIQ 7G; Philips
Healthcare, Bothell, WA, USA) equipped with a linear high—
frequency transducer (5-12 MHz or 5-18MHz). Color Doppler

ultrasound was acquired only when the patient was cooperative

5



(195/242 patients, 80.6%).

Two experienced pediatric radiologists (J.Y.K. and Y.J.R., with
14 and 8 years of clinical experience, respectively) performed US—
guided CNB on the most representative node by using a disposable
18—gauge gun biopsy needle (TSK Ace—cut; Create Medic,
Yokohama, Japan or Stericut with a coaxial guide, TSK Stericut;
TSK Laboratory, Soja, Japan). After local anesthesia with 1%
lidocaine, the cortex of the LN was obtained using a biopsy needle.
In cases with suppurative lymphadenitis, US—guided FNA was
performed using 18— or 20—gauge needles (Angiocath; Becton
Dickinson Infusion therapy Systems, Sandy, UT) on the necrotic LN
after local anesthesia. The need for sedation was determined

according to the patient’s cooperation.

Image analysis

US images of LNs were retrospectively reviewed using picture
archival and communication system (PACS). Imaging analysis was
performed by two radiologists (Y.J.R. and J.E.P with 8 years and 4

years of clinical experience, respectively) independently. The



reviewers were blinded to the clinical history and the pathologic

diagnosis of the lymphadenopathy.

For whole US images, the laterality of the lymphadenopathy
(unilateral vs. bilateral), presence of posterior neck involvement,
number of involved LNs (single vs. several vs. multiple), regional
distribution (conglomerated vs. multiple separated), and size
distribution (even vs. uneven) were assessed. Among the enlarged
LNs, the largest LN was selected as the representative LN.
However, for LNs with abnormal imaging findings, the largest LN
with abnormal features was the representative LN. The authors
measured the long diameter (LD) and short diameter (SD) of the
largest cervical LN in the axial image, and the SD/LD ratio was
calculated. In addition, echogenicity of the LN in comparison with
the adjacent neck muscle, heterogeneity of the echogenicity,
margins, presence of necrosis or abscess, calcification, loss of
normal fatty hilum, perinodal fluid dispersion, and perinodal fat
hyperechogenicity were evaluated for the representative LN. In
color Doppler US images of a representative LN, LN hilar

vascularity and perinodal or cortical vascularity were analyzed.
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Statistical analysis

Statistical analysis was performed using open—source statistical
software R, version 3.4.2 (http://www.R—project.org) and SPSS,
version 22 (SPSS Inc, Chicago, Ill). All clinical and radiological
variables were compared in the four groups (Kikuchi disease,
reactive hyperplasia, lymphoma, and suppurative lymphadenitis). In
all of the tests, p—values less than 0.05 were considered
statistically significant. Pearson’s chi—squared test or Fisher’s
exact test were used to compare categorical variables among the
groups. Kruskal—Wallis rank sum test or one—way ANOVA were

performed in continuous variables.

Interclass correlation coefficient and weighted kappa were used for
assessing inter—reader reliability in continuous and categorical
variables. Weighted kappa values of 0-0.20 (poor), 0.21-0.40 (fair),
0.41-0.60 (moderate), 0.61-0.80 (good), and 0.81-1.00 (very good)
and interclass correlation coefficient values of 0-0.20 (poor), 0.21—
0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (strong), and 0.81—

1.00 (excellent) were obtained.

To create a DTA model for differential diagnosis of cervical



lymphadenopathy in children, a classification and regression tree
(CART) algorithm was used (minimum cases in the parent node, 20;
minimum cases in the child node, 20; maximum tree depth, 30). The
following clinical and US findings were used to establish the DTA
model: (a) clinical findings: age, sex, cervical tenderness, erythema,
heat sense, fever, prolonged fever (>2 weeks), hepatomegaly,
splenomegaly, history of antibiotic use, and laboratory results
(WBC, ERC, and CRP), (b) US findings: laterality, posterior neck
involvement, number, regional distribution, size distribution, nodal
level, LD, SD echogenicity compared with adjacent neck muscle,
heterogeneity of the echogenicity, margins, presence of necrosis or
abscess, calcification, loss of fatty hilum, perinodal fluid collection,
perinodal fat hyperechogenicity, LN hilar wvascularity, and
perinodal/cortical vascularity. Two different predictor variable sets
were used: 1, all predictors mentioned above; 2, categorical
predictors alone. Among the continuous variables, the SD of the
largest LN, WBC count, and LN shape were converted to nominal
variables for the second DTA model (short diameter of the largest
LN: subcentimeter [SD < 10 mm] or others [SD > 10 mm]; WBC:

leukopenia [WBC < 4 x 103], normal range [4 x 103 < WBC < 12 x



103], or leukocytosis [WBC > 12 x 103]; LN shape: elongated
[SD/LD ratio < 0.5], oval [0.5 < SD/LD ratio < 0.7], or round

[SD/LD ratio > 0.7]).

Each disease group was randomly divided into training (70%, total
170/242 [Kikuchi disease: 89, reactive hyperplasia: 45, lymphoma:
17, suppurative lymphadenitis: 19]) and validation (30%, total
72/242 [Kikuchi disease: 38, reactive hyperplasia: 19, lymphoma: 7,
suppurative lymphadenitis: 8]) datasets to assess the diagnostic
performance of the DTA model. The accuracy of the diagnostic tree

was calculated and validated using the external validation dataset.
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Results

Clinical characteristics

A comparison of the clinical characteristics among the four disease
groups 1s shown in Table 1. There were 131 boys and 111 girls.
The mean age of the patients was 11.17 + 0.31 years (range, 1

month to 18 years).

Cervical tenderness was the most common clinical presentation in
suppurative lymphadenitis (77.8%, 21/27). None of the lymphoma
patients showed cervical erythema or cervical heat sense. Fever
was frequently presented in Kikuchi disease (73.2%, 93/127) and
suppurative lymphadenitis (70.4%, 19/27). Few patients had

hepatomegaly (1.2%, 3/242) or splenomegaly (2.1%, 5/242).

Most patients underwent assessment of serum ESR (erythrocyte
sedimentation rate) and CRP (C—reactive protein) levels, and these
levels were the highest in suppurative lymphadenitis (ESR: 40.21 +
31.05, CRP: 3.52 + 3.46). Among the patients with Kikuchi disease,
leukopenia was the most common finding in WBC counts (61.9%,
73/127). WBC counts were mostly in the normal range in reactive

hyperplasia (70.0%, 35/64) and lymphoma (79.2%, 19/24). The
11



majority of suppurative lymphadenitis patients had leukocytosis

(63.0%, 17/27).

Neck US imaging findings

Table 2 summarizes the US imaging findings in the four disease
groups. In Kikuchi disease and suppurative lymphadenitis,
lymphadenopathy was usually unilateral (74.8%, 95/127; 96.3%,
26/27, respectively). However, posterior neck involvement was
common in Kikuchi disease (73.2%, 93/127) while it was rare in
suppurative lymphadenitis (7.4%, 2/27). Multiple lymphadenopathy
and conglomerated distribution were the most common in Kikuchi
disease (91.3%, 116/127; 89.8%, 114/127). The size of the
enlarged LNs showed a relatively even distribution in Kikuchi
disease (83.5%, 106/127), while the other three disease groups

showed uneven distributions.

The mean SDs of the largest LN in lymphoma and suppurative
lymphadenitis were greater than those in Kikuchi disease and
reactive hyperplasia. Most cases of lymphoma and suppurative

lymphadenitis showed SDs greater than 10 mm, whereas most

12



cases of Kikuchi disease and reactive hyperplasia showed SDs less
than 10 mm (Kikuchi disease, 8.56 + 2.95 mm; reactive hyperplasia,
8.28 £ 3.23 mm; lymphoma, 17.27 £ 7.64 mm, and suppurative

lymphadenitis, 18.43 + 6.00 mm).

Representative LNs were usually homogeneous in Kikuchi
disease (100.0%, 127/127) and reactive hyperplasia (92.2%, 59/64)
whereas they usually exhibited heterogeneous echogenicity in
suppurative lymphadenitis (96.3%, 26/27) and lymphoma (58.3%,
14/24). In suppurative lymphadenitis, enlarged LNs were generally
ill—defined (85.2%, 23/27) and intranodal necrosis or abscess
(85.2%, 23/27) were common, while the other three disease groups
showed well—defined margins with little or no intranodal necrosis or

abscess.

Most cases of Kikuchi disease (92.1%, 117/127) and
suppurative lymphadenitis (96.3%, 26/27) demonstrated perinodal
fat hyperechogenicity while lymphoma and reactive hyperplasia did
not. Loss of fatty hilum was more common in lymphoma (70.8%,
17/24) and suppurative lymphadenitis (88.9%, 24/27) than in
Kikuchi disease (0.8%, 1/127) and reactive hyperplasia (3.1%,

2/64). There was no LN calcification in all US examinations of the

13



four diseases.

Most patients in the four disease groups also underwent color
Doppler US examinations (Kikuchi disease: 81.1%, 103/127;
reactive hyperplasia: 76.6%, 49/64; lymphoma: 87.5%, 21/24; and
suppurative lymphadenitis: 81.48%, 22/27). Color Doppler
examinations of LNs in suppurative lymphadenitis (86.4%, 19/22)
and lymphoma (66.7%, 14/22) showed more frequent abnormal
hilar vascularity while most LNs in Kikuchi disease (99.0%,
102/103) and reactive hyperplasia (93.9%, 46/49) had normal hilar

vascularity.

The representative cases of the four disease groups are
presented in Fig. 2. Interobserver agreement of the imaging findings

was good or excellent (0.743-0.991).

DTA Models

The summary of the two DTA models derived from all

predictors and categorical predictors alone is shown in Figs. 3 and 4.

The accuracies of the diagnostic trees in the training and validation

14



datasets are shown in Table 3.

In the DTA model based on all predictors, perinodal fat
hyperechogenicity, LN echogenicity, and SD of the largest LN were
found to be significant predictors in the diagnostic algorithm for
differential diagnosis of cervical lymphadenopathy. The overall
accuracy with 95% confidence interval (CI) was 85.3% (79.1%—
90.3%). In contrast, in the DTA model based on categorical
parameters alone, perinodal fat hyperechogenicity, LN echogenicity,
and loss of fatty hilum were significant predictors. The overall
accuracy with 95% CI was 84.7% (78.4%-89.8%), which was
similar to that of the model from all predictors. In contrast, none of
the clinical variables was a statistically significant predictor in both

models.

External validation of the diagnostic tree

The overall accuracies of the external validation dataset with 95%
CI were 83.3% (72.7%-91.1%) and 86.1% (75.94%-93.1%) based
on all predictors and categorical predictors alone, respectively. The

validation datasets consisted of a total of 72 patients (38 boys and

15



34 girls; mean age, 10.6 + 5.25 years; range, 1 month to 18 years).

16



Discussion

For differential diagnosis of cervical lymphadenopathy in
children, perinodal fat hyperechogenicity, LN echogenicity, SD of
the largest LN, and loss of fatty hilum were significant predictors in
our study. The DTA derived from all clinical and radiologic findings
showed an accuracy of 85.3% in the training dataset and 83.3% in
the external validation dataset to distinguish four diseases, namely,
Kikuchi disease, reactive hyperplasia, lymphoma, and suppurative
lymphadenitis. In this analysis, the significant predictors were
perinodal fat hyperechogenicity, LN echogenicity, and SD of the
largest LN. For the dataset using only nominal variables, accuracy
was reported to be 84.7% in the training dataset and 86.1% in the
external wvalidation dataset. In this diagnostic tree, significant
predictors were perinodal fat hyperechogenicity, LN echogenicity,

and loss of fatty hilum.

In this study, the presence of perinodal fat hyperechogenicity
was a key predictor to differentiate Kikuchi disease and suppurative
lymphadenitis from lymphoma and reactive hyperplasia. Several
reports have described perinodal infiltrations in Kikuchi disease
[18—22] and suppurative lymphadenitis [23]. Likewise, perinodal

17



fat hyperechogenicity, which appears as a peripheral halo or
periadenitis, is a common feature of Kikuchi disease (92.1%,
117/127) and suppurative lymphadenitis (96.3%, 26/27) in this
study. The mechanism underlying perinodal fat hyperechogenicity is
explained by inflammatory capsular destruction of the LN and
perinodal infiltration of the Ilymphoid cells, histiocytes, and
especially in Kikuchi disease, karyorrhectic debris (fragmentation
of nuclei of dying cells and chromatin) [13; 18; 24—26]. However,
perinodal fat hyperechogenicity could be detected in lymphoma or
metastasis due to extracapsular extension of the disease, which

implies the possibility of misclassification in the DTA.

Heterogeneity of the internal echotexture of LN is a unique
factor in suppurative lymphadenitis that can help distinguish it from
Kikuchi disease. In Kikuchi disease, all LNs (100.0%, 127/127)
showed homogeneous echotexture and none showed intranodal
necrosis. On the other hand, most cases of suppurative
lymphadenitis demonstrated heterogeneous echotexture (96.3%,
26/27), frequently accompanied by LN necrosis or perinodal
abscess formation (85.2%, 23/27). Heterogeneous echotexture and

intranodal necrosis are caused by pyogenic organisms such as

18



Staphylococcus aureus or Streptococcus pyogenes that can cause
acute inflammatory reactions, and recruitment of neutrophils may
result In gross abscess formation composed of non—cellular
materials [27—29]. In contrast, intranodal necrosis of Kikuchi
disease 1s a microscopic necrosis demonstrated only on contrast—
enhanced CT or MRI, not on US. Internal necrosis in Kikuchi
disease i1s a coagulative necrosis that is composed of various
cellular materials such as eosinophilic fibrinoid deposits,
karyorrhectic debris, histiocytes, and immunoblasts [21; 25; 30;
31]. Moreover, radiologic examinations are usually performed in the
early proliferative stage of Kikuchi disease before the necrosis is
not formed [32]. Thus, the necrosis in Kikuchi disease on US is
rarely observed, in contrast to suppurative lymphadenitis, and is

also indistinguishable from the non—necrotic solid portions.

Loss of fatty hilum was a useful feature for differentiating
lymphoma from reactive hyperplasia when perinodal fat
hyperechogenicity was absent. In this study, 96.9% (62/64) of the
reactive hyperplasia patients showed normal fatty hilum of the LN,
while 70.8% (17/24) of lymphoma patients demonstrated absence

of hilum. Several studies [33—36] have reported that loss of
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echogenic hilum may found in malignancy, and according to
Leboulleux et al. (2007) [37], in follow—up of thyroid cancer
patients, preservation of a fatty hilum was a major criteria that
excludes malignancy, showing 100% sensitivity. In malignant
diseases such as lymphoma and metastasis, loss of hilum, nodal
internal heterogeneity, and irregular nodal contour are the

characteristic features in US [38].

With regard to size, LNs are generally considered to be in the
normal range if their SD is less than 1 cm [39]. However, some
studies suggested different size criteria depending on the location
of the LN [40; 41], and there are few studies describing specific
diagnoses of lymphadenopathy by size. According to Slap et al. [42],
among children and young adults who underwent biopsy for
peripheral lymphadenopathy, LNs greater than 2 cm were
associated with granuloma or malignancy. However, when we
converted the SD of the largest LN into a nominal variable by using
a cutoff value of 10 mm, the SD of the largest LN was no longer a
significant predictor in the decision tree model. Nevertheless, a
larger LN raises suspicion of pathologic conditions such as

malignancy, suggesting that the use of a cutoff diameter offers

20



limited effectiveness for differential diagnosis, and that it 1is

important to consider other clinical and radiologic findings.

Although we used both clinical information and radiologic
findings to establish the DTA models based on all predictors and
categorical parameters, none of the clinical findings were identified
as significant variables in the predictive models. US and US—guided
biopsy were performed without serologic examinations In some
patients; for example, only 78.1% of reactive hyperplasia patients
underwent laboratory tests for the WBC count, and ESR
measurements were performed with US in only 51.9%-75.6% of the
patients in each disease group. If the laboratory tests had been
performed in all patients, the results could have been different in
that the WBC count, which showed statistically significant
differences among the four disease groups, could be included as the
predictor in the DTA model. In addition, although clinical findings
and physical examination play important roles in primary
management of pediatric cervical lymphadenopathy [43], the
symptoms in cervical lymphadenopathy disease groups are often
nonspecific [39], and interexaminer reliability for pediatric physical

examinations has often been reported to be poor, moderate, and fair
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in various diseases [44—46]. Therefore, radiologic evaluation of
pediatric cervical lymphadenopathy would be useful for differential

diagnosis and may improve diagnostic accuracy.

Our study had some limitations. This retrospective study had a
limited study population. We excluded patients whose pathologic
diagnosis was made only by fine needle aspiration (FNA) biopsy
except In suppurative lymphadenitis and lymphoma, since FNA
yields many inconclusive reports such as “nonspecific benign” or
“inadequate.” Second, establishment and external validation of the
diagnostic tree for pediatric cervical lymphadenopathy were made
only with single tertiary hospital data. Third, Kikuchi disease is
particularly prevalent in East Asia. Therefore, the decision tree is
likely to show different diagnostic capacity in other regions, which
may limit its applicability. Fourth, for excisional biopsy or CNB, one
or two representative LNs was selected and pathologically
identified. Therefore, there could be selection bias that Kikuchi
disease or suppurative lymphadenitis may not be diagnosed in the
reactive hyperplasia group. Fifth, in this study, evaluation of
pediatric cervical lymphadenopathy with other modalities, such as

CT and MRI, was not considered. Ultrasound is an excellent initial
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imaging modality in pediatric cervical lymphadenopathy. Therefore,
CT or MRI is rarely performed for initial diagnosis. However, there

are several factors that can increase the discriminating ability of

pediatric cervical lymphadenopathy, such as necrotic patterns of CT.

Therefore, further research regarding US with the other modalities
would be helpful in pediatric cervical lymphadenopathy. Finally,
other cervical lymphadenopathies in children were not included in
the diagnostic tree. Further studies including a large population of
patients with wvarious disease entities may be helpful in the

differentiation of multiple pediatric cervical lymphadenopathies.

In conclusion, the presence of perinodal fat hyperechogenicity,
heterogeneity of echotexture, and loss of fatty hilum were
significant US findings in the DTA for differential diagnosis of
cervical lymphadenopathy in children. However, the application of
the SD cutoff of the largest LNs in the DTA model offers limited
effectiveness due to the diversity of the population, and other

clinical and radiological findings should be taken into account.
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Table 1. Comparison of Clinical Characteristics for
Kikuchi Disease, Reactive Hyperplasia, Lymphoma,
and Suppurative Lymphadenitis

Kikuchi

Reactive

Suppurative

Diagnosis disease hyperplasia IEYSZIT)Oma lymphadenitis ’(I‘Notza;42)
(n=127)  (n=64) " (n=27)
Sex
67 131
Male (52.8%) 35 (54.7%) 20 (83.3%) 9 (33.3%) (54.1%)
60 111
Female (47.9%) 29 (45.3%) 4 (16.7%) 18 (66.7%) (45.9%)
12.11 £ 11.86 = 12.42 = 11.17 =
+
Age 0.30 0.62 0.94 .04 = 0.90 0.31
LN tenderness
.. 65 107
Positive (51.2%) 17 (26.6%) 4 (16.7%) 21 (77.8%) (44.2%)
. 62 135
Negative (48.8%) 47 (73.4%) 20 (83.3%) 6 (22.2%) (55.8%)
LN erythema
Positive 1(0.8%) 2 (3.1%) 00.0% 11 (40.7%) 30
(5.8%)
. 126 24 14
Negative (99.2%) 62 (96.9%) (100.0%) 16 (59.3%) (94.29%)
LN heat sense
.. 16
Positive 8 (6.3%) 1 (1.6%) 0 (0.0%) 7 (25.9%) (6.6%)
. 119 24 226
Negative (93.7%) 63 (98.4%) (100.0%) 20 (74.1%) (93.4%)
Fever
.. 93 145
Positive (73.9%) 27 (42.2%) 6 (25.0%) 19 (70.4%) (59.9%)
Negative 34 37 (57.8%) 18 (75.0%) 8 (29.6%) o7
(26.8%) ’ ’ ) (40.1%)
Prolonged
fever
.. 35 47
Positive (27.6%) 9 (14.1%) 1 (4.2%) 2 (7.4%) (19.4%)
N ti 92 55 (85.9%) 23 (95.8%) 25 (92.6%) 195
esative (72.4%) e o o7 (80.6%)
Hepatomegaly
Positive 1 (0.8%) 0 (0.0%) 2 (8.3%) 0 (0.0%) 3 (1.2%)
. 126 239
Negative (99.2%) 64 (100.0%) 22 (91.7%) 27 (100.0%) (98.8%)
Splenomegaly
Positive 4 (3.1%) 0 (0.0%) 1 (4.2%) 0 (0.0%) 5 (2.1%)
Negative 123 64 (100.0%) 23 (95.8%) 27 (100.0%) 237
.__:l [ Y

B WY



Use of
antibiotics

Positive

Negative

Pathologic
diagnosis

FNA
CNB
Excision

WBC count
(10%

WBC count
range

Leukopenia

Normal
range

Leukocytosi
s

ESR

CRP

(96.9%)

72
(57.1%)
54
(42.9%)

0 (0.0%)

125
(98.4%)

2 (1.6%)

3.80 *
1.55
(n=118)

73
(61.9%)
45
(38.1%)

0 (0.0%)

30.25 £
20.27

(n = 96)
1.27 £
1.91
(n=107)

19 (29.7%)

45 (70.3%)

0 (0.0%)

58 (90.6%)

6 (9.4%)

7.41 = 4.01
(n = 50)

8 (16.0%)

35 (70.0%)

7 (14.0%)

20.95 £
20.92
(n = 40)

1.16 = 2.76
(n = 43)

6 (25.0%)

18 (75.0%)

0 (0.0%)

5 (20.8%)

19 (79.2%)

9.05 £
4.56
(n=24)

1 (4.1%)

19 (79.2%)

4 (16.7%)

15.50 *=
16.73
(n=14)
2.87 =
5.69
(n = 24)

(97.9%)

111

15 (55.6%) (46.3%)
129

12 (44.4%) (53.8%)
15

15 (55.6%) (6.2%)
195

7 (25.9%) (80.6%)
32

5 (18.5%) (13.2%)

+

16.57 = 7.93 o.78 &

o om 5.65

n= (n = 219)
82

0 (0.0%) (37.4%)
109

10 (37.0%) (49.8%)
28

17 (63.0%) (12.8%)
2757+

4
4(}0.3114,) 31.05 2901
n= (n = 164)
+
3.52 + 3.46 é’ié -
(n=27) (n = 201)

Data are mean + standard deviation (SD) for continuous variables

and the number of patients (%) for nominal variables.

WBC, white blood cell count; ESR, erythrocyte sedimentation rate;

CRP, c—reactive protein; FNA, fine needle aspiration; CNB, core

needle biopsy
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Table 2. Comparison of Neck US Imaging Findings for
Kikuchi Disease, Reactive Hyperplasia, Lymphoma,
and Suppurative Lymphadenitis

Kikuchi Reactive Suppurative
. . . . Lymphoma .. Total
Diagnosis disease hyperplasia (n=24) lymphadenitis (N=242)
(n=127) (n=64) (n=27)
Laterality
. 95 12 165
Unilateral (74.8%) 32 (50.0%) (50.0%) 26 (96.3%) (68.2%)
. 32 _ 12 77
Bilateral (95.2%) 32 (50.0%) (50.0%) 1 (3.7%) (31.8%)
Posterior Neck
Involvement
. 93 _ 10 142
Positive (73.99%) 37 (57.8%) 41.7%) 2 (7.4%) (58.7%)
. 34 14 100
Negative (26.8%) 27 (42.2%) (58.3%) 25 (92.6%) (41.3%)
LN Number
. 26
Single (1) 4 (3.1%) 5 (7.8%) 7 (29.2%) 10 (37.0%) (10.79%)
_ 32
Several (2-4) 7 (5.5%) 14 (21.9%) 2 (8.3%) 9 (33.3%) (13.2%)
. 116 15 184
e -
Multiple (=5) (91.3%) 45 (70.3%) (62.5%) 8 (29.6%) (76.0%)
LN Distribution
114 14 170
Conglomerated (39.8%) 26 (40.6%) (58.3%) 16 (59.3%) (70.2%)
13 10 72
Separated (10.2%) 38 (59.4%) (41.7%) 11 (40.7%) (29.8%)
LN Size
Distribution
106 128
Even (83.5%) 19 (29.7%) 2 (8.3%) 1 (3.7%) (52.9%)
21 _ 22 114
Uneven (16.5%) 45 (70.3%) (91.7%) 26 (96.3%) (47.1%)
Short 18.27 = 19.18 = 29.49 * 20.60 £
+
(mm) 5.44 5.75 13.82 27.00 = 8.38 8.11
Short diameter 8.56 * 8.28 £ 17.27 10.45
+
(mm) 2.95 3.22 +7.64 18.43 =6.00 +£5.62
SD < 10mm a7 45 (70.3%) 3 (12.5%) 3 (11.1%) 148
(76.4%) ’ ' ’ (61.2%)
30 21 94
>
SD = 10mm (23.6%) 19 (29.7%) (87.5%) 24 (88.9%) (38.8%)
+ + + +
Shape of LN 0.48 £ 0.43 * 0.60 * 0.70 +0.15 0.50 *
(SD/LD ratio) 0.11 0.12 0.11 0.14
Elongated (< 0.5) 78 47 (73.4%) 5 (20.8%) 3 (11.1%) 133
32
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(61.4%) (565.0%)

45 15 85
Oval (0.5-0.7) (35.4%) 15 (23.4%) (62.5%) 10 (37.0%) (35.1%)
Round (> 0.7) 4 (3.1%) 2 (3.1%) 4 (16.7%) 14 (51.9%) 24
Echogenicity of LN
compared with
muscle
. 123 22 229
Hypoechoic (96.9%) 62 (96.9%) (91.7%) 22 (81.5%) (94.6%)
Isoechoic and 13
Hyperechoic 4 (3.1%) 2 (3.1%) 2 (8.3%) 5 (18.5%) (5.4%)
LN Heterogenicity
127 14 201
Homogeneous (100.0%) 59 (92.2%) (58.3%) 1 (3.7%) (83.1%)
10 41
Heterogeneous 0 (0.0%) 5 (7.8%) 41.7%) 26 (96.3%) (16.9%)
LN Margin
. 126 20 213
Well—defined (99.9%) 63 (98.4%) (83.3%) 4 (14.8%) (88.0%)
. 29
Ill—defined 1 (0.8%) 1 (1.6%) 4 (16.7%) 23 (85.2%) (12.0%)
LN
Necrosis/Abscess
Positive 0 (0.0%) 0 (0.0%) 1 (4.2%) 23 (85.2%) 24
(9.9%)
. 127 64 23 218
Negative (100.0%)  (100.0%) (95.8%) a8 (90.1%)
LN Calcification
Positive 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
. 127 64 24 242
Negative (100.0%)  (100.0%)  (100.0%) 27 T000%) 40 0g)
Loss of Fatty Hilum
Positi 108% 2G1w 21 (88.9%)
Ostve o e (70.8%) o (18.2%)
. 126 7 198
Negative (99.2%) 62 (96.9%) (29.2%) 3 (11.1%) (81.8%)
LN Hilar (n = _ _ _ (n=
vascularity 103) (n = 49) (n =21 (n = 22) 195)
102 158
Normal (99.0%) 46 (93.9%) 7 (33.3%) 3 (13.6%) (81.0%)
Abnormal 1 (1.0% 361w 19 86.4%) !
’ ’ (66.7%) ’ (19.0%)
Perinodal/Cortical (n= _ _ _ (n=
Vascularity 103) (n = 49) (n =21 (n = 22) 195)
Positive 45 4 (8.2%) 4 (19.0%) 19 (86.4%) 7z
(43.7%) ’ ’ ’ (36.9%)
. 58 17 123
Negative (56.3%) 45 (91.8%) (81.0%) 3 (13.6%) (63.1%)
Perinodal Fat
Hyperechogenicity
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Positive

Negative

Perinodal Fluid
dispersion

Positive

Negative

117
(92.1%)
10
(7.9%)

13
(10.2%)
114
(89.8%)

14 (21.9%)

50 (78.1%)

0 (0.0%)

64
(100.0%)

4 (16.7%)

20
(83.3%)

3 (12.5%)

21
(87.5%)

26 (96.3%)

1 (3.7%)

4 (14.8%)

23 (85.2%)

161
(66.5%)
81
(33.5%)

20
(8.3%)
222
(91.7%)

Data are mean * standard deviation (SD) for continuous variables
and the number of patients (%) for nominal variables

LN, lymph node
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Table 3. Performance of the Diagnostic Trees

Prediction
: . Kikuchi’ s Reactive . Suppurative . . Balanced
Diagnosis . : Lymphoma .. Accuracy (%)
dizease hyperplasia lymphadenitis Accuracy (%)
Kikuchi" sdisease (n=89) 83 6 0 0 93.3 88.6
. Reactive hyperplasia (n = 43) 10 35 0 0 77.8 84.9
Training _ Ea -
Lymphoma (n=17) 2 i 10 1 58.9 79.1
Data set ) . - -
Suppurative lymphadenitis n=19) 1 0 1 17 89.5 G4.4
. . Overall (n=170) 85.3
All predictors = = =—
Kikuchi" sdisease (n=38) 34 3 1 0 89.5 88.9
External  Reactive hyperplasia (n=19) 3 15 0 1 78.9 82.8
validation Lymphoma (n=7) 1 3 3 0 429 70.7
data set Suppurative lymphadenitis (n = 8) 0 0 0 8 100.0 99.2
Overall n=72) 83.3
Kikuchi’ sdisease (n=89) 83 5 1 0 93.3 88.6
. Reactive hyperplasia (n = 43) 10 33 2 0 73.3 83.1
Training = - N
Lymphoma (n=17) 2 3 11 1 64.7 81.4
data set . . - Sh
Suppurative lymphadenitis m=19) 1 1 0 17 89.5 G4.4
Categorical Overall (n=170) 84.7
predictors Kikuchi" sdisease (n=38) 34 < 0 0 89.5 88.9
External  Reactive hyperplasia (n=19) 3 15 0 1 78.9 84.8
validation Lymphoma (n=7) 1 1 3 0 71.4 85.7
data set Suppurative lymphadenitis (n = 8) 0 0 0 8 100.0 99.2
Overall n=72) 86.1

35



d

ion an

lus

Inc

Flow chart for patient

Figure 1.

exclusion

Eligible patients (n = 927)

(a) Underwent neck ultrasonography due to cervical lymphadenopathy between January

2012-December 2018 at our institution
(b) Pediatric patients under 19 years old

!

Pathologically confirmed cervical lymphadenopathy (n = 316)

Excluded patients (n= 74)
(a) Disease groups (< 20 patients) (n = 35)
» EBV-related lymphadenopathy (n = 11)
+ Tuberculous lymphadenitis (n = 8)
> » Nontuberculous mycobacterial lymphadenitis (n = 7)
+ Metastatic lymph node (n = 6)
« Langerhans cell histiocytosis (n = 1), Castleman’ s disease, (n = 1),
Kimura disease (n = 1)
(b) Inconclusive pathologic results (n = 39)

Included patients (n = 242)
Kikuchi disease (n = 127), Reactive hyperplasia (n = 64)
Lymphoma (n = 24), Suppurative lymphadenitis (n = 27)

v

v

Training data set (n=170)

External validation data set (n= 72)

Kikuchi disease (n = 89), Reactive hyperplasia (n = 45) Kikuchi disease (n = 38), Reactive hyperplasia (n =19)
Lymphoma (n = 17), Suppurative lymphadenitis (n = 19) Lymphoma (n = 7), Suppurative lymphadenitis (n = 8)
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Figure 2. Representative ultrasonographic images in
patients with Kikuchi’s disease, reactive hyperplasia,

lymphoma, and suppurative lymphadenitis

(a) 12—year—old boy with Kikuchi disease, cervical lymph node

shows homogeneous hypoechoic texture with increased perinodal
echogenicity (yellow arrows).

(b) 6—year—old boy with reactive hyperplasia, elongated
hypoechoic cortex with echogenic hilum (white arrows)

(c) 11—year—old boy with lymphoma, markedly enlarged
hypoechoic lymph node is in the left level III with loss of fatty hilum.

There is no evidence of perinodal fat infiltration
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(d) 7—month—old gir]l with suppurative lymphadenitis, US image
demonstrates heterogeneous cervical lymph node with central

abscess (asterisk) and perinodal fat hyperechogenicity (yellow

arrows).
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Figure 3. Diagnostic tree derived from all predictors

of imaging findings and clinical information

Perinodal Fat
Hyperechogenicity

Negative _ Positive

Short diameter of
the largest LN

>1.6cm <1.6cm

Echogenicity of LN

Heterogeneous

Homogeneous

Lymphoma

Reactive Suppurative
Hyperplasia Lymphadenitis

Kikuchi Disease
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Figure 4. Diagnostic tree derived from -categorical

predictors of imaging findings and clinical information

Perinodal Fat
Hyperechogenicity

Lymphoma

Kikuchi Disease

Negative _ Positive
Loss of -
Fatty Hilum Echogenicity of LN
Positive Negative Heterogeneous | Homogeneous
Reactive Suppurative
Hyperplasia Lymphadenitis
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