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Purpose: This study evaluated the feasibility of acoustic radiation force impulse (ARFI) 
elastography and characterized the sonographic features of lymph nodes (LNs) with Kikuchi 
disease in pediatric patients.
Methods: Seventy-six cervical LN biopsies were performed for the diagnosis of cervical 
lymphadenopathy. ARFI imaging was performed, and the characteristic ultrasound features 
of the biopsied LNs and the contralateral LNs were analyzed. We also reviewed clinical and 
conventional ultrasonographic findings.
Results: On histology, 56 patients were diagnosed with Kikuchi disease. These LNs were large 
and elongated, with increased perinodal echogenicity and capsular thickening. In 38 of them, 
ARFI elastography was performed, and the median shear wave velocity (SWV) of the biopsied 
LNs with Kikuchi disease (2.19 m/sec; range, 1.45 to 4.57 m/sec) was higher than of the 
contralateral LNs (1.72 m/sec; range, 0.95 to 2.65 m/sec; P<0.001). In patients with reactive 
hyperplasia, the mean SWV of the biopsied LNs (2.00 m/sec; range, 1.49 to 2.26 m/sec) was 
higher than that of the contralateral LNs (1.55 m/sec; range, 1.21 to 2.32 m/sec; P=0.031).
Conclusion: The SWV of LNs with Kikuchi disease was significantly higher than that of the 
contralateral LNs. Morphologically, LNs with Kikuchi disease showed an enlarged, elongated, 
and oval shape, increased perinodal echogenicity, and capsular thickening. In addition to the 
conventional ultrasonographic findings, the application of ARFI is feasible even in pediatric 
patients for the evaluation of cervical lymphadenopathy.
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Introduction

Cervical lymphadenopathy is a common disease in the pediatric age 
group. Transient reactive lymphadenopathy due to viral infection is 
the most common etiology. Other etiologies include systemic lupus 
erythematosus, Kawasaki disease, infections with the herpes simplex 
virus and other microorganisms, and malignancies such as non-
Hodgkin lymphoma, leukemia, and metastatic tumors [1-3]. In Asia, 
Kikuchi disease is a common cause of lymphadenopathy [4]. As 
recurrent episodes have been reported, it is clinically important to 
diagnose Kikuchi disease in order to rule out other causes of cervical 
lymphadenopathy [2,3,5]. Several reports have presented recurrence 
rates of 3%-20%, although Kikuchi disease is known to be self-
limiting [1-3]. Kikuchi disease can be confirmed by ultrasound (US)-
guided lymph node (LN) biopsy. It is characterized histopathologically 
by cortical and paracortical necrosis with lymphoreticular infiltrates 
and the absence of granulocytic infiltrates [6,7].

US i s  a  non- invas ive  modal i ty  o f  eva luat ing cerv ica l 
lymphadenopathy. Several previous reports have described the 
sonographic findings of Kikuchi disease, which include elongated 
or oval hypoechoic LNs with increased perinodal echogenicity, an 
echogenic hilum, and normal hilar flow [8-11]. These features 
are nonspecific, and are similar to those of other common causes 
of lymphadenopathy, such as reactive hyperplasia, tuberculous 
lymphadenitis, lymphoma, and metastasis [9,12-14].

Recently, a new US-based elastography technique, acoustic 
radiation force impulse (ARFI) elastography, has been introduced 
into clinical practice. In this technique, short high-intensity acoustic 
pulses are emitted from the transducer and propagate shear waves 
in tissue. ARFI allows visual (i.e., virtual touch tissue imaging) and 
quantitative (i.e., virtual touch tissue quantification, which calculates 
the shear wave velocity) assessment of tissue stiffness. Recently, this 
new imaging technique has been widely applied to evaluate the 
cervical LNs as well as the liver, breast, thyroid, and musculoskeletal 
system. Several studies have reported ARFI to be effective for 
differentiating malignant and benign lesions in the breast and 
thyroid [15,16].

To our best knowledge, however, no reports have described the 
application of ARFI in children with Kikuchi disease. The purpose of 
this study was to characterize the sonographic features of pediatric 
Kikuchi disease and to evaluate the feasibility of ARFI elastography 
in pediatric patients with Kikuchi disease.

Materials and Methods

Study Population
This retrospective study was approved by the institutional review 

board of our hospital. The requirement for informed consent from 
the patients was waived because this study was regarded to be 
of minimal risk. We reviewed the electronic medical records and 
histopathological reports of patients at our institution between May 
2013 and April 2016. A total of 76 children ≤18 years old underwent 
US-guided core needle biopsies for cervical lymphadenopathy. 
Biopsies were performed in patients with symptoms including fever-
associated asymmetric lymphadenopathy with or without a rash, 
fatigue, or headache if those symptoms were not well controlled. 
Histologically, the following findings are characteristic of Kikuchi 
disease: a well-circumscribed paracortical focus of necrosis with a 
variable mixture of karyorrhectic nuclear debris, single-cell necrosis, 
transformed lymphocytes, and foamy macrophages [17]. Seventy-
two patients were enrolled (56 with Kikuchi disease and 16 with 
reactive hyperplasia), excluding 4 patients who had been diagnosed 
with other disease (3 normal LNs, one Epstein-Barr virus infection). 
These patients were enrolled for an analysis of conventional US 
findings. For ARFI measurements, after excluding 25 patients in 
whom ARFI was not performed due to machine availability, a 
total of 47 patients (38 with Kikuchi disease and 9 with reactive 
hyperplasia) were enrolled for an analysis of ARFI elastography.

Age, sex, the presence and duration of fever before the US 
examination, and laboratory findings including leukocytosis 
or leukopenia, C-reactive protein levels, and the erythrocyte 
sedimentation rate were evaluated. Fever was defined as a single 
axillary temperature above 37.5°C or two or more measurements 
of a temperature above 37.2°C. Leukocytosis was defined as 
an elevated white blood cell (WBC) count (>10.6×109/L) and 
leukopenia was defined as a WBC count <3.9×109/L in males and 
<3.5×109/L in females. In addition, the total fever duration before 
and after the diagnosis, as well as the hospitalization period and 
whether the patient was readmitted within 1 month after discharge, 
were recorded to evaluate the clinical course of the enrolled 
patients. 

Conventional US
US was performed with a dedicated US system (Acuson S2000, 
Siemens Medical Solutions, Erlangen, Germany and IU 22, Philips, 
Bothell, WA, USA) using a 9-MHz linear array transducer. All studies 
were conducted by a single board-certified radiologist (J.Y.H., 
with 11 years of experience in pediatric US). US images were 
retrospectively reviewed by a pediatric radiologist with 7 years of US 
experience and 5 years of pediatric US experience (J.B.) blinded to 
the final diagnosis.

On the conventional US images, the location of the LNs was 
identified and their diameter was measured in the long and short 
axes. The shape of the LNs was analyzed using the ratio of the 
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shortest diameter to the longest diameter as follows: round, >0.7; 
oval, 0.5-0.7; and elongated, <0.5 [8]. Capsular thickening (a 
hypoechoic rim surrounding the LN), any presence of increased 
echogenicity of the perinodal fat tissue, internal necrosis (anechoic 
or markedly hypoechoic areas within the LN), and vascularity 
on color Doppler imaging of the target LNs were recorded. We 
considered increased vascularity to be present when the normal hilar 
blood flow and the parenchymal blood flow were shown together.

Application of ARFI Measurements
After conventional US, shear wave imaging with ARFI was performed 
using the same 9-MHz linear array transducer. The operator selects 
the LN and set the depth and location of a 10 mm×5 mm region of 
interest (ROI), within which the shear wave velocity (SWV) (m/sec) 
could be determined. The propagation of the acoustic pulse varies 
according to tissue stiffness. During ARFI measurements, patients 
were required to hold their breath if they were able to cooperate. An 
ROI was placed in the cortex of the node in question, avoiding fatty 
hilum and hilar vessels as much as possible. ARFI measurements 
were made in the biopsied LNs and contralateral LNs located at 
the same level. Five measurements were performed for each LN, 
with the median value regarded as the representative SWV (Fig. 1) 
[18,19].

Core Needle Biopsy
Core needle biopsies were performed using an 18-gauge dual 
action semiautomatic core biopsy needle (Stericut, TSK Laboratory, 
Tochigi, Japan) under US guidance. After local anesthesia, the 
needle tip was inserted into the target LN using a free-hand 
technique. Subsequently, the cutting cannula was fired, and at least 
two specimens were obtained. The biopsy specimens were fixed in 
formalin solution. Pathologists examined all specimens. The location 
of cervical lymphadenopathy was categorized into seven levels 
according to an imaging-based nodal classification [20].

The indications for cervical LN biopsy were as follows: 
lymphadenopathy of unknown cause that persisted for longer than 
2-4 weeks despite adequate treatment, cervical lymphadenopathy 
accompanied by leukopenia or atypical clinical features other 
than bacterial infection, and multiple levels of adenopathy or 
supraclavicular adenopathy reflecting a possible increased risk of 
malignancy.

Statistical Analysis
A descriptive statistical analysis was conducted of demographics; 
the size of the LNs; clinical and laboratory findings; the location and 
shape of the LNs; the presence of characteristic findings, including 
increased perinodal echogenicity, capsular thickening, vascularity; 

total fever duration; hospitalization period; and readmission within 
1 month after discharge. Comparisons between the Kikuchi disease 
group and the reactive hyperplasia group were made using the 
Mann-Whitney U test and the independent t-test.

For the SWVs of the LNs, the Shapiro-Wilk test was applied to 
analyze whether the data showed a normal distribution. Because 
the SWVs in both the Kikuchi disease and reactive hyperplasia group 
had a normal distribution, the independent t-test was performed to 
compare SWVs on the biopsied side with Kikuchi disease or reactive 
hyperplasia and the contralateral side. To assess the reliability of the 
measurements, coefficients of variation were obtained and intra-
observer agreement was calculated using the intraclass correlation 
coefficient (ICC) for the five measured values. All statistical analyses 
were performed using SPSS version 23.0 (IBM Corp., Armonk, 
NY, USA). P-values <0.05 were considered to indicate statistical 
significance.

Results

Patient Demographics and Clinical Findings
The mean age (±standard deviation [SD]) of the patients with 
Kikuchi disease was 12.6±3.94 years (range, 3 to 18 years). Twenty-

Table 1. Summary of the sonographic findings of Kikuchi disease

Characteristic
Kikuchi disease 

(n=56)
Reactive LNs 

(n=16)
P-value

Long diameter (cm) 1.83 ± 0.70 2.26 ± 0.93 0.084

Shapea) 0.493

Round (>0.7) 5 (8.9) 0 

Oval (0.5-0.7) 17 (30.4) 7 (43.7)

Elongated (<0.5) 34 (60.7) 9 (56.3)

Location (biopsy) 0.668

I 2 (3.6) 0 

II 21 (37.5) 6 (37.5)

III 13 (23.2) 3 (18.7)

IV 5 (8.9) 2 (12.5)

V 15 (26.8) 5 (31.3)
Increased perinodal 
echogenicity

56 (100) 16 (100) 0.106

Capsular thickening 49 (87.5) 11 (68.8)

Vascularity 0.775

Normal 43 (76.8) 12 (75.0) 

Increased 13 (23.2) 4 (25.0)

Sonographic necrosis 3 (5.3) 1 (6.2) 0.550

Values are presented as mean±standard deviation or number (%).
LN, lymph node; SD, standard deviation.
a)Shortest-to-longest axis ratio.
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Fig. 1. Kikuchi disease in a 14-year-old boy. 
A. On gray-scale sonography, an enlarged lymph node shows low 
echogenicity with increased echogenicity of the adjacent fat tissue 
(arrows) and capsular thickening (arrowheads) in the right neck, 
at level V. B. The lymph node shows increased vascularity on color 
Doppler imaging. C. A qualitative gray-scale map made using 
virtual touch tissue imaging shows hardness of the lymph node. 
D. In the biopsied lymph nodes, acoustic radiation force impulse 
(ARFI) were measured. And the median shear wave velocity (SWV) 
of the 5 measurements was 2.3 m/sec. E. ARFI were measured 
in the contralateral lymph nodes, and the median SWV of the 5 
measurements was 1.3 m/sec. 
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three patients were males and 33 were females. Fever was present 
in 44 of the 56 patients (78.6%). The mean duration (±SD) of fever 
was 13.8±6.7 days (range, 1 to 36 days). Leukopenia was observed 
in 27 of 56 patients (48.2%) and the WBC count was within the 
normal range in the other 29 patients (51.8%). Leukocytosis was not 
observed in the patients with Kikuchi disease. The level of C-reactive 
protein was 1.61±1.71 mg/dL (range, 0.02 to 6.78 mg/dL)  
and the erythrocyte sedimentation rate was 31.3±21.9 mm/hr 
(range, 2.0 to 103.0 mm/hr). In contrast, of the 16 patients with 
reactive hyperplasia, five had leukocytosis and the other 11 had 
a WBC within normal range. The level of C-reactive protein was 
1.28±1.65 mg/dL (range, 0.04 to 6.09 mg/dL) and the erythrocyte 
sedimentation rate was 22.6±14.3 mm/hr (range, 2.0 to 58.0  
mm/hr). The patient demographics of the Kikuchi disease and 
reactive hyperplasia groups were not significantly different. The 
factors that showed a statistically significant difference between the 
Kikuchi disease and reactive hyperplasia groups were fever duration 
(13.8 days vs. 6.7 days, P=0.006), and the WBC count also showed 
a significant difference (P<0.001). The other clinical findings did not 
show significant between-group differences.

Findings of Conventional US 
The US findings of Kikuchi disease are summarized in Table 1. The 
mean long-axis diameter (±SD) of the LNs with Kikuchi disease 
was 1.83±0.70 cm (range, 0.73 to 3.40 cm). Regarding the shape 
of the LNs, 34 of the 56 LNs (60.7%) were elongated, 17 (30.4%) 

were oval, and only five (8.9%) were round. Capsular thickening 
was observed in 49 of the 56 patients (87.5%) and increased 
perinodal echogenicity was seen in all patients. There was no 
internal necrosis in any patients. On color Doppler imaging, 13 of 
the 56 patients (23.2%) showed increased vascularity, whereas 
43 (76.8%) showed normal vascularity. Core needle biopsy was 
most frequently performed in LNs at level II (21 of 56 patients, 
37.5%) and level V (15 of 56 patients, 26.8%), followed by level III 
(13 of 56 patients, 23.2%). No conventional US findings showed 
a statistically significant difference in comparison to the LNs with 
reactive hyperplasia (P>0.05).

Results of ARFI Measurements
The results of ARFI measurements are summarized in Table 2. In the 

Table 2. Shear wave velocity of LNs with Kikuchi disease and 
reactive hyperplasia obtained using the ARFI technique

Median (range, m/sec) P-value

Kikuchi disease (n=38) <0.001

Biopsy 2.19 (1.45-4.57)

Contralateral 1.72 (0.95-2.65)

Reactive hyperplasia (n=9) 0.031

Biopsy 2.00 (1.49-2.26)

Contralateral 1.55 (1.21-2.32)

LN, lymph node; ARFI, acoustic radiation force impulse.

Fig. 2. Comparison of the shear wave velocity (SWV) in the Kikuchi disease and reactive hyperplasia.
A. In the Kikuchi disease, the median SWV of the biopsied lymph nodes (LNs) was 2.19 m/sec and the median SWV of the contralateral LNs 
was 1.72 m/sec. *The outlier SWV of the biopsied LNs in the Kikuchi disease was 3.18 m/sec. B. In the reactive hyperplasia, the median SWV 
of the biopsied LN was 2.00 m/sec and the median SWV of the contralateral LNs was 1.55 m/sec. *The outlier SWV of the contralateral LNs 
in the reactive hyperplasia was 2.24 m/sec.
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LNs was 0.83 (range, 0.75 to 0.97) in the LNs with Kikuchi disease. 
In the LNs with reactive hyperplasia, the ratio of the SWVs of the 
biopsied LNs to that of the contralateral LNs was 0.85, 0.94, and 
0.98 in each of the three cases. 

The median measured depth of the biopsied LNs was 1.20 cm 
(range, 0.40 to 1.90 cm) and the median measured depth of the 
contralateral LNs was 1.20 cm (range, 0.60 to 2.10 cm) in the LNs 
with Kikuchi disease. In the reactive hyperplasia group, the median 
measured depth of the biopsied LNs was 0.90 cm (range, 0.50 to 
1.70 cm) and the median measured depth of the contralateral LNs 
was 1.25 cm (range, 0.40 to 1.70 cm). There was no statistically 
significant difference between the biopsied and contralateral groups.

The intra-operator coefficients of variation for the SWVs of 
the biopsied and contralateral LNs were around 14% and 11%, 
respectively. The ICC was 0.85 (95% confidence interval [CI], 0.77 
to 0.91) in the biopsied LNs and 0.92 (95% CI, 0.88 to 0.95) in the 
contralateral LNs.

Clinical Outcomes
The mean total fever duration (±SD) in the patients with Kikuchi 
disease was 15.6±6.6 days (range, 2.0 to 37.0 days), and the 
mean total fever duration (±SD) in the patients with reactive 
hyperplasia was 8.8±5.9 days (range, 2.0 to 19.0 days). The mean 
total fever duration was significantly longer in the Kikuchi disease 
group than in the reactive hyperplasia group (P=0.004). The 
mean hospitalization periods in the Kikuchi disease and reactive 
hyperplasia groups were 5.1 days and 5.9 days, respectively. There 
was no significant difference in the hospitalization period between 
the two groups (P=0.731). However, six of the 56 patients with 
Kikuchi disease were re-admitted to the hospital within 1 month. In 
the hyperplasia group, two of the 16 patients were re-admitted to 
the hospital.

Discussion

ARFI elastography is a promising noninvasive tool for the 
assessment of benign diseases, including Kikuchi disease, reactive 
hyperplasia, and tuberculosis lymphadenitis, and for distinguishing 
them from malignancies [14,21-23]. A study of patients aged 11-
92 years (mean age, 55 years) assessing 89 biopsied cervical LNs 
(37 benign: reactive, Kikuchi disease, tuberculosis; 52 malignant: 
various primary sites) with strain imaging showed a high sensitivity 
for differentiating benign from malignant LNs, with a sensitivity of 
98.1% for the strain ratio and 88.4% for the elasticity score [14].

Our study showed that the SWV of the biopsied LNs with Kikuchi 
disease was significantly higher than that of the contralateral LNs by 
roughly 1.35 times (mean), even though Kikuchi disease is benign. 

group with Kikuchi disease, the median SWV of the biopsied LNs 
was 2.19 m/sec (range, 1.45 to 4.57 m/sec) and the median SWV of 
the contralateral LNs was 1.72 m/sec (range, 0.95 to 2.65 m/sec). 
The SWVs of the biopsied LNs were significantly higher than those 
of the contralateral LNs (P<0.001) (Fig. 2A). The ratio of the SWVs 
of the biopsied LNs to that of the contralateral LNs was 1.23 (range, 
0.75 to 2.67) (Fig. 3).

In patients with reactive hyperplasia, the mean SWV of the 
biopsied LNs was 2.00 m/sec (range, 1.49 to 2.26 m/sec) and the 
mean SWV of the contralateral LNs was 1.55 m/sec (range, 1.21 to 
2.32 m/sec) (Fig. 2B). The ratio of the SWVs of the biopsied LNs to 
that of the contralateral LNs was 1.29 (range, 0.85 to 1.78) (Fig. 3). 
The SWVs of the biopsied LNs were significantly higher than those 
of the contralateral LNs (P=0.031). When we compared the SWVs of 
the biopsied LNs between those with Kikuchi disease and those with 
reactive hyperplasia, no intergroup difference was found (P=0.232).

On average, the SWV of the biopsied LNs was higher than that 
of the contralateral LNs, whereas the SWV of the biopsied LNs 
was lower in some cases. Twelve cases showed lower SWVs in the 
biopsied LNs than in the contralateral LNs, of which nine were cases 
of Kikuchi disease and three were cases of reactive hyperplasia. The 
ratio of the SWVs of the biopsied LNs to those of the contralateral 

Fig. 3. Scatterplot of the ratio of the shear wave velocity (SWV) 
of the biopsied lymph nodes (LNs) to that of the contralateral 
LNs with Kikuchi disease and reactive hyperplasia. In most 
samples, the SWV of the biopsied LNs was higher than that of the 
contralateral LNs.
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Morphologically, the LNs involved in Kikuchi disease demonstrate 
architecture effaced by paracortical expansion composed of 
circumscribed foci of apoptotic necrosis with abundant karyorrhectic 
debris and numerous histiocytes of different types at the edge of 
the necrotic foci [24]. Depending on the time course, karyorrhexis 
or a mononuclear reaction with variable cellular composition may 
predominate [25]. Therefore, we hypothesize that the increased SWV 
of Kikuchi disease may be caused by an increase in the cellularity 
of the LNs combined with periadenitis and associated soft tissue 
swelling. 

However, there was no intergroup difference between the LNs 
with Kikuchi disease and those with reactive hyperplasia. For similar 
reasons to those relevant for Kikuchi disease, reactive LNs become 
enlarged due to hyperplasia of the cellular components, which 
are mixed small and large lymphocytes and numerous tangible 
body macrophages with no cytologic atypia in cases of reactive 
hyperplasia [26]. Therefore, the SWV of reactive LNs reflects a 
higher density than that of normal LNs. Moreover, in a recent study, 
Kikuchi disease was found to demonstrate a soft appearance on 
strain elastography, suggestive of a benign lesion, and there were 
no statistically significant differences between Kikuchi disease and 
other benign diseases [27,28]. This finding suggests that it may be 
difficult to differentiate Kikuchi disease from reactive hyperplasia 
with only shear wave elastography.

Several studies have reported unilateral neck involvement to be 
predominant in Kikuchi disease, occurring in up to 80% of cases 
[6,11]. Based on previous research, we assumed that patients 
had unilateral disease. However, in a few cases, the biopsied LNs 
unexpectedly showed lower SWV values than the contralateral LNs. 
About 24% (9 of 38) patients with Kikuchi disease showed a lower 
SWV in the biopsied LNs than in the contralateral LNs. In seven of 
these nine cases, the contralateral LNs were enlarged and showed 
perinodal infiltration and capsular thickening, similarly to the 
biopsied LNs. In addition, the median SWV ratio of the biopsied LNs 
to the contralateral LNs was 0.86 (range, 0.75 to 0.97), indicating 
that the SWVs of the bilateral LNs were not significantly different. In 
these cases, it is considered that Kikuchi disease probably affected 
the bilateral cervical LNs. In addition, the contact and pressure 
applied on the neck of the patient via the operator’s hand could 
alter the measurements. In the shear wave elastography technique, 
the elasticity of the structures is influenced by the external pressure 
applied, and the stiffness rises with increasing pressure due to 
the nonlinear elastic effect artifact [29]. We hypothesize that this 
discordant result may have been due to technical errors while 
obtaining SWV values.

Generally, the major concern with US examinations is variability 
due to high operator dependency, especially for quantitative 

elastography measurements. Although US was performed by a single 
radiologist in our study, the ICC values of the SWVs were excellent 
in both the biopsied LNs and the contralateral LNs. Compared 
with several other methods, ARFI imaging showed higher contrast 
transfer efficacy, resulting in greater reproducibility and less inter-
operator variability [30]. The reproducibility of the ARFI technique 
has been found to be fair to excellent for evaluating cervical LNs, 
ranging from 0.64 to 0.96 for the intra-observer ICC and from 
0.72 to 0.77 for the inter-observer ICC [30,31]. Kikuchi disease has 
various clinical features, ranging from an asymptomatic presentation 
to severe systemic symptoms such as prolonged fever and arthralgia. 
No diagnostic clinical findings are available to confirm the diagnosis 
of Kikuchi disease, but leukopenia is a consistent laboratory 
finding [32,33]. In this study, leukopenia was present in about 
50% of patients with Kikuchi disease, whereas leukopenia was not 
present in the reactive hyperplasia group. All patients with reactive 
hyperplasia showed leukocytosis or a normal WBC count.

The sonographic findings of LNs with Kikuchi disease are variable, 
as they can show either benign or malignant features, including 
reactive hyperplasia, tuberculous lymphadenitis, lymphoma, and 
metastatic LNs [8,34]. The usual sonographic findings of LNs with 
Kikuchi disease are unilateral enlargement of multiple LNs and 
increased perinodal echogenicity [1,34]. LNs with Kikuchi disease 
show an elongated or oval shape, hypoechogenicity of the nodal 
cortex with an echogenic hilum, and normal hilar flow [8]. Another 
study of the sonographic features of Kikuchi disease found that 
conglomerated unilateral cervical lymphadenopathy with perinodal 
fat swelling and an even size distribution were common findings. In 
that study, the mean size of the LNs was 1.6 cm and the LNs were 
mainly located at levels II and V [9,11].

Our study showed US findings similar to those of previous studies 
in terms of size, shape, location of LNs, and vascularity on color 
Doppler imaging [8,10]. In our study, the LNs with Kikuchi disease 
were enlarged, with a mean diameter of 1.83 cm. The LNs were 
mostly elongated, and an oval shape was found in 91.1% (51 of 
56). Only five LNs were round. In a comparative study of benign 
and malignant LNs, malignant LNs tended to be round (shortest-to-
longest axis ratio >0.5), while benign LNs tended to be oval [35,36]. 
In the present study, 49 biopsies were performed of LNs located 
at levels II, III, and V. Increased vascularity was observed in 13 LNs 
with Kikuchi disease (23.2%), which is a higher prevalence than has 
been observed in previous studies (4.4%-7.4%) [8,10]. 

We also found increased perinodal echogenicity and capsular 
thickening in both the Kikuchi disease and reactive hyperplasia 
groups. Benign LNs in Kikuchi disease and reactive hyperplasia 
may have increased perinodal echogenicity and diffuse capsular 
thickening [37,38]. Increased perinodal echogenicity, also known 

http://www.e-ultrasonography.org


US elastography of Kikuchi disease

e-ultrasonography.org Ultrasonography 38(1), January 2019 65

as periadenitis, takes place when structures surrounding the LNs 
are infiltrated by perivascular and interstitial inflammatory cells, 
including a mixture of lymphoid cells and histiocytes and the 
characteristic karyorrhectic debris [39]. Although the sonographic 
findings revealed that LNs affected by Kikuchi disease tended to be 
probably benign, some LNs with Kikuchi disease can show findings 
suspicious for malignancy, such as a round shape, loss of the central 
fatty hilum, and eccentric capsular thickening [8]. Therefore, there 
are limitations in the application of gray-scale sonography alone to 
differentiate Kikuchi disease. 

The clinical course of Kikuchi disease showed a longer duration 
of fever than that of reactive hyperplasia. Six of the 56 patients 
were re-admitted to the hospital within 1 month. The main 
symptoms leading to re-admission were fever, leukopenia, or 
headache. Of particular note, in three cases, a poor prognosis with 
meningoencephalitis accompanied by complications of Kikuchi 
disease was seen. In the hyperplasia group, two of the 16 patients 
were re-admitted to the hospital for tonsillectomy with treatment 
of tonsillitis. As above, the prognosis was worse in patients with 
Kikuchi disease than in those with reactive hyperplasia. 

There were several limitations in this study. First, this was a 
retrospective study, and thus the evaluation of the gray-scale images 
and color Doppler images was limited. In addition, for this reason, 
the ability to calculate failure rates in SWV measurements was 
limited. Second, the SWV measurements were made by a single 
radiologist, so we could not assess inter-observer reproducibility. 
Third, we assumed that patients had unilateral disease. Previous 
studies have reported unilateral neck involvement to be predominant 
in Kikuchi disease, occurring in up to 80% of cases [6,11]. In 
the remaining 20%, LN biopsy was performed at the site of any 
symptoms or abnormalities on both sides. Therefore, the other side 
is not always normal, and it is possible that the bilateral LNs were 
affected by the disease. Finally, we did not analyze the differences 
between the Kikuchi disease group or the reactive hyperplasia 
group and a group with malignant disease. Since malignant cervical 
lymphadenopathy with lymphadenopathy, the causes of which 
include Hodgkin lymphoma, leukemia, and metastasis, is rarely seen 
in children (1.15%) [40], it was not easy to enroll malignant lesions 
in our study.

In conclusion, the SWV of LNs in Kikuchi disease was significantly 
higher than that of the contralateral LNs. Although no significant 
difference was found between Kikuchi disease and reactive 
hyperplasia, which are benign diseases, the application of ARFI 
elastography was confirmed to be feasible, even in pediatric patients, 
for evaluating cervical lymphadenopathy. Morphologically, LNs with 
Kikuchi disease showed enlargement, an elongated and oval shape, 
increased perinodal echogenicity, and capsular thickening, similarly 

to LNs affected by other benign diseases. Further studies with more 
robust data and a wider range of diseases will demonstrate the 
promise of US elastography for application in pediatric patients.
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