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Abstract
Purpose We evaluated the current performance of diagnostic ultrasound (US) for detecting cervical lymph node (LN) metas-
tases based on objective measures and subjective findings in comparison to the gold standard, histopathological evaluation.
Patients and methods From 2007 to 2016, we prospectively included patients with head and neck cancer who were scheduled 
for surgical therapy including neck dissection. LNs were examined by multimodal US by a level III head and neck sonolo-
gist and individually assigned to a map containing six AAO-HNS neck LN levels preoperatively. During the operation, LNs 
were dissected and then assessed by routine histopathology, with 86% of them examined individually and the remaining 
LNs (14%) per AAO-HNS neck LN level. The optimal cutoff points (OCPs) of four defined LN diameters and 2D and 3D 
roundness indices per AAO-HNS neck LN level were determined.
Results In total, 235 patients were included, and 4539 LNs were analyzed by US, 7237 by histopathology and 2684 by both 
methods. Of these, 259 (9.65%) were classified as suspicious for metastasis by US, whereas 299 (11.14%) were found to 
be positive by histopathology. Subjective US sensitivity and specificity were 0.79 and 0.99, respectively. The OCPs of the 
individual LN diameters and the 2D and 3D roundness index were determined individually for all AAO-HNS neck LN levels. 
Across all levels, the OCP for the 2D index was 1.79 and the 3D index was 14.97. The predictive performance of all distances, 
indices, and subjective findings improved with increasing metastasis size. Anticipation of pN stage was best achieved with 
subjective US findings and the smallest diameter (Cohen’s κ = 0.713 and 0.438, respectively).
Conclusion Our LN mapping and meticulous 1:1 node-by-node comparison reveals the usefulness of US for detecting 
metastatic involvement of neck LNs in head and neck carcinomas as compared to histopathology. The predictive ability for 
small tumor deposits less than 8 mm in size remains weak and urgently needs improvement.
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Introduction

Metastasis to the cervical lymph nodes (LNs) is the single 
most relevant prognostic factor for patients suffering from 
head and neck cancer (Gil et al. 2009). Neck dissection 
(ND) and histopathological examination of excised LNs 
is currently the gold standard for diagnosing LN involve-
ment even in early tumor stages (de Bree et al. 2015). 
Despite its potentially serious side effects (nerve injury, 
scarring, constrictions), elective ND in its various scopes, 
therefore, remains a cornerstone in the surgical treatment 
of epithelial malignancies of the upper aerodigestive tract 
(D’Cruz et al. 2015). To date, no routine or study-tested 
method has a diagnostic accuracy comparable to that of 
histopathologic examination.

Ultrasound (US) is useful for LN diagnosis because it is 
a rapid, noninvasive, and cost-effective method to identify 
LNs and assess their size, shape, and consistency (Ahuja 
and Ying 2005). The superficial locations of cervical LNs 
make them particularly suitable for examination by high-
frequency B-scan US, and it provides valuable diagnostic 
information on the internal architecture and intranodal 
blood flow of these LNs (de Bree et al. 2015). Some of 
the limitations of US are related to examiner dependence, 
weakness in detecting small tumor nests, and lack of speci-
ficity (Leusink et al. 2012). Previous studies on the same 
subject are in part much older and have, therefore, not yet 
been able to take into account the technical developments 
of recent years. One of them was retrospective and used 
only FNAB of representative LNs as a reference (Ying 
et al. 1999). Another one used only histologic correlation 
per neck level (except IIB) (Hohlweg-Majert et al. 2009), 
and the third one summarily compared US and pathologic 
findings per patient (Hajek et al. 1986). Nevertheless, they 
report sensitivities of 74.1% and specificities of 91.5% 
(Hohlweg-Majert et al. 2009) or sensitivities of 75–98% 
and specificities of 41–88%, depending on LN neck level 
(Ying et al. 1999).

Prospective studies on the diagnostic power of neck US 
are lacking, and the capabilities of exact mapping based 
on AAO-HNS neck LN levels (Som et al. 2000) and of 
stringent assignment by means of sophisticated and stand-
ardized ND techniques have not yet been exhaustively 
explored.

The goal of any imaging procedure must be to compete 
with the gold standard, namely, histopathologic findings, 
to obviate the need for surgical staging in the future. In 
addition to avoiding surgical risks and operating time, the 
draining LNs should nowadays also be preserved for the 

effect of the emerging immunotherapeutic approaches (van 
Pul et al. 2021).

Therefore, the aim of the present study was to establish 
objective measures (e.g., LN length, width, and roundness) 
for performing US to detect metastases in cervical LNs 
and to validate these diagnostic criteria in addition to sub-
jective findings, namely, the determinations made by the 
US specialist. For this, we first examined LNs of patients 
with Head and Neck Cancer by US and then assessed the 
same LNs upon meticulous 1:1 node-by-node comparison 
by histopathology, and correlated the results.

Materials and methods

Study design and patients

This noninterventional, prospective, monocentric clinical 
study included patients who were referred to our internal 
US department from 01/01/2007 to 06/15/2016. All patients 
included had a histologically confirmed carcinoma of the 
head and neck region or a relapse thereof and were sched-
uled for examination of the presence of cervical LN metas-
tases by US. The obtained findings were to be correlated 
with the histopathologic results, requiring at least excision 
of one LN up to and including comprehensive ND as part of 
the diagnosis or treatment of the underlying disease.

Exclusion criteria have been: diagnosis other than head 
and neck cancer, inability to passively participate in US 
(duration 30–45 min), age less than 18 years, induction treat-
ment by radiation or drug therapy and treatment without LN 
dissection.

We planned to enroll among the study cohort at least 200 
patients with therapy-naïve primary head and neck squa-
mous cell carcinoma (HNSCC) who were assigned for surgi-
cal therapy upon consultation of the multidisciplinary tumor 
board. The study protocol was reviewed and approved by the 
ethics committee of Heinrich-Heine-University Düsseldorf 
(# 4231). All patients provided written consent for the sam-
pling of LNs and data collection.

US examination of neck LNs

US examinations were performed by KCS (level III sonol-
ogist for Head and Neck ultrasound of the German Society 
for Ultrasound in Medicine (DEGUM)) on the day before 
surgery using the Acuson Antares System Premium Edi-
tion and the VFX 13-5 Multi-D linear probe (both Sie-
mens Medical Solutions®, Mountain View, CA, USA) 
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on individually tailored preset “lymph nodes”, which 
had been further optimized for the individual AAO-HNS 
neck LN levels I, II, and III (Robbins et al. 2002), each 
as described previously (Heusch et al. 2014; Sproll et al. 
2017; Sproll et al. 2021). In the ultrasound (US) examina-
tion, each lymph node (LN) was individually evaluated 
based on its imaging features and anatomical location. 
The measurements were carefully documented, captur-
ing four specific distances to provide a comprehensive 
geometric description of the LN. The descriptions of 
the four distances measured are the following: Longest 
Cross-Sectional Diameter (l): This is the maximum dis-
tance measured across the lymph node in the plane that 
yields the largest cross-sectional area. Essentially, it is the 
longest axis that can be drawn through the lymph node in 
a single 2D plane. Longest Perpendicular Diameter (b): 
once the longest cross-sectional diameter (l) is determined, 
the longest perpendicular diameter (b) is the maximum 
distance measured at a 90° angle to “l” within the same 
2D plane. Longest diameter perpendicular to the plane 
(d1): This distance is measured by identifying the longest 
diameter that lies perpendicular to the plane containing the 
longest cross-sectional diameter (l) and the longest per-
pendicular diameter (b). Longest diameter perpendicular 
to d1 (d2): After establishing the longest diameter perpen-
dicular to the plane (d1), the distance d2 is the maximum 
length measured perpendicular to d1, essentially capturing 
the third dimension of the LN if one considers l and d1 
as the other two dimensions. These measurements col-
lectively aim to provide a multidimensional assessment 
of the LNs size and shape, assisting in further diagnostic 

evaluations (Fig. 1). The LN was then depicted schemati-
cally on a diagram containing the six AAO-HNS neck LN 
levels (Suppl. Fig. 1a) (Som et al. 1999, 2000). Addition-
ally, subjective US findings were recorded for each LN. 
For more details on the subjective assessment of the US 
results, please refer to Suppl. Doc. 1.

The result of the subjective LN examination was an 
assessment of the LN as either containing metastasis or 
tumor-free. Patient treatment was carried out as described 
in Suppl. Doc. 1 (NCCN 2018; Wolff 2019).

Preparation and histopathological assessment 
of dissected LNs

ND specimens were processed in the operating room to 
retrieve each LN identified by US, and each LN was recorded 
on the patient’s LN map, as described previously [Support-
ing information No. 1 in (Sproll et al. 2017)]. Each LN was 
then freed from surrounding fibrofatty tissue, placed in an 
individually labeled container with Formaldehyde Solution 
4% phosphate buffered for histology (neoFroxx, Einhausen, 
Germany) and sent for routine histopathological assessment 
(Suppl. Fig. 2). The remaining ND specimen was dissected 
according to the AAO-HNS neck LN (sub) level (1–6) and 
assessed for each neck LN level by histopathology (Robbins 
et al. 2002). Details of histopathological evaluation are given 
in Suppl. Doc. 1. pTNM staging was performed according 
to the sixth and seventh editions of the TNM classification 
of malignant tumors, as amended at the time (Sobin et al. 
2011). If metastases were found in the histopathological 
assessment, their maximum diameters (in mm) were meas-
ured in two planes.

Data acquisition and processing

Study endpoints were the agreement of sonographic and 
histopathological findings as well as the optimal cut-
off values for the individual diameters and the round-
ness indices in the prediction of metastatic disease. All 
patient-related data (clinical course, US and pathology) 
were stored in a special GCP-compliant individually 
designed database we have named “Lymphsono” based 
on the OmniComm® Electronic Data Capture Software 
broadly used in our study center (OmniComm Systems, 
Inc.; Fort Lauderdale, FL, USA) (Suppl. Fig. 3). Access 
was controlled to ensure that the data could be viewed 
and edited only by authorized personnel. The database 
has been continuously adapted and improved, and changes 
have been documented in the program history to keep a 
record of the development of the program.

d1

d2

l
b

Fig. 1  Schematic 3D representation of a bean-shaped LN. The dis-
tances measured by ultrasound were as follows: Longest Cross-Sec-
tional Diameter (l), Longest Perpendicular Diameter (b), Longest 
Diameter Perpendicular to the Plane (d1), Longest Diameter Perpen-
dicular to d1 (d2). A spherical, concentrically growing mass (metas-
tasis) will initially lead to an increase in the smaller distances b and 
d2 and only secondarily to the distances d1 and l
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Statistical analysis

Count data are presented as the total number of LNs in the 
patient cohort and the mean and median (range) number of 
LNs per patient. Data were extracted from the OmniComm 
database, and all statistical calculations were executed in R 
(R Development Core Team 2020). Fisher’s exact test for 
contingency tables larger than 2 × 2 based on FEXACT 
(Mehta and Patel 1986) improved as described by Clarkson 
et al. (1993) was used. Two indices were used to describe 
roundness: the two-dimensional index (the Solbiati index), 
namely, 2D roundness = l

b
 (Solbiati et al. 1992) (Fig. 1) and 

a three-dimensional index, namely, 3D roundness = 
(

l

b

)

2 × 
(

l

d1

)

2 × 
(

l

d2

)

2. Both indices assume a value of 1 for a sphere 
and increase as l increases compared to the other distances, 
but the 3D index suggested a greater spread and may have 
better performance.

For analysis of count data, exact binomial tests and Fish-
er’s exact tests were employed (both using the statistical 
package). OCP analysis was carried out using the pROC 
package in R (Altman and Bland 1994a, b; Robin et al. 
2011). The unweighted Cohen kappa index (κ) was calcu-
lated using the “irr” package in R (Cohen 1960).

For the subjective ultrasound findings, we calculated 
the sensitivity, specificity, positive, and negative predictive 
value (PPV and NPV, respectively) and likelihood ratio (LR) 
(Altman and Bland 1994a, b). For individual distances l, 
b, d1, and d2 (Fig. 1) and the two roundness indices, opti-
mal cutoff points (OCPs) were determined by the maximal 
Youden index (YI) (tY =  maxc (Se (c) + Sp (c) − 1)) for each 
individual neck level using the pROC package in R (Robin 
et al. 2011). The area under the curve (AUC), YI, sensitiv-
ity, specificity, PPV, and NPV were also determined using 
the OCP. Furthermore, the performance of the subjective 
ultrasound findings, the two roundness indices and the indi-
vidual distances (l, b, d1, and d2) were determined depend-
ing on the sizes of the metastases detected by histopathologi-
cal analysis (≤ 2 mm, > 2 and ≤ 4 mm, > 4 and ≤ 6 mm, > 6 
and ≤ 8 mm, > 8 and ≤ 10 mm, and > 10 mm). On the basis 
of the OCPs of individual distances l, b, d1, and d2, the two 
indices for each individual neck level (1–6) (Robbins et al. 
2002) and the subjective ultrasound findings for individual 
LNs, a clinical N stage (cN stage) was determined for each 
patient and compared to the pathologically determined N 
stage (pN stage). These classifications were carried out both 
for individual N stages (Sobin et al. 2011) and for the sum-
mary categories “metastasis present or not present” (N + vs. 
N0). Cohen’s kappa index was determined for each indi-
vidual distance, the two roundness indices and the subjective 

ultrasound findings. The Landis and Koch classification was 
applied to systematize data with values between 0 (worth-
less) and 1 (perfect) (Landis and Koch 1977).

Results

General patient cohort

In total, 235 patients were enrolled, comprising 97 women 
(41.28%) and 138 men (58.72%). The average age at the time 
of tumor surgery was 64.9 years (median 66.0 years). 202 
of them suffered from primary therapy-naïve HNSCC (lip 
mucosa to oropharynx), 3 from cervical CUP syndrome (2 
of SCC and 1 of melanoma), 4 with verrucous carcinoma 
of the oral cavity, 1 with undifferentiated sinus carcinoma, 
6 with salivary gland adenocarcinoma, 1 with carcinoma of 
the Meibomian glands, 1 with malignant melanoma, 1 with 
recurrence of mucoepidermoid carcinoma, 1 with recur-
rence of melanoma, and 15 with recurrence of HNSCC (lip 
mucosa to oropharynx). Among these patients, there were 
248 surgical treatment sessions with varying extents of ND.

Lymph node analysis by ultrasound and neck 
dissection

Overall, 4539 (1–42, mean 18.38, median 18 per patient) 
LNs were identified by US preoperatively. Of these, 265 
(5.84%; 0–16, mean 1.07, median 0 per patient) of the 
identified LNs were classified as suspicious of malignancy 
according to subjective sonographic findings. The remaining 
LNs were categorized as reactively enlarged and tumor free. 
Based on our subjective assessment of LNs, each patient was 
assigned a cN status preoperatively.

During subsequent tumor surgery, 7237 (1–126, mean 
29.30, median 24 per patient) LNs were removed from tis-
sue obtained by ND and analyzed by histopathology. Among 
these, metastases were found in 443 LNs (6.12%; 0–57, mean 
1.79, median 0 per patient). The pN classification was based 
on histopathological results and used as a reference for the 
abovementioned cN classification. A total of 2684 LNs were 
evaluated using both methods, and their results compared. 
Of the LNs evaluated by both methods, 2304 (85.8%) were 
identified individually from the dissected neck specimens in 
the operating room (OR), marked on the neck diagram of the 
corresponding patient analogously to the US findings and 
then sent in individual containers for 1:1 histopathological 
assessment (Suppl. Fig. 3). An additional 380 LNs (14.2%) 
were sent along with the specimens, which were still dis-
sected in the OR, allotted according to the AAO-HNS neck 
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Table 1  a Optimal cutoff points and performance of the 2D- and 
3D-indices per AAO-AHNS neck LN level. b Optimal cutoff points 
(in mm) and performance of the individual distances per AAO-AHNS 

neck LN level. c Performance of the subjective ultrasound findings 
per AAO-HNS-neck level

A

AAO-HNS neck LN level AUC OCP SNS SPC PPV NPV YID

2D Roundness index: l
b

 IA 0.90 1.50 0.89 0.91 0.44 0.99 0.80
 IB 0.84 1.61 0.78 0.81 0.39 0.96 0.59
 IIA 0.79 1.74 0.62 0.90 0.43 0.95 0.52
 IIB 0.96 1.61 0.88 0.96 0.70 0.99 0.84
 III 0.83 2.01 0.69 0.86 0.32 0.97 0.55
 IV 0.88 1.47 0.80 0.94 0.62 0.97 0.74
 VA 0.93 1.78 1.00 0.82 0.50 1.00 0.82
 VB 0.94 1.56 1.00 0.81 0.57 1.00 0.81
 All 0.83 1.79 0.74 0.82 0.34 0.96 0.56

2D Roundness index: l
d2

 IA 0.91 1.65 0.89 0.87 0.35 0.99 NA
 IB 0.85 1.63 0.80 0.85 0.46 0.96 NA
 IIA 0.79 1.94 0.66 0.84 0.34 0.95 NA
 IIB 0.96 1.73 0.88 0.99 0.88 0.99 NA
 III 0.85 2.13 0.73 0.89 0.37 0.97 NA
 IV 0.86 1.72 0.70 0.86 0.39 0.96 NA
 VA 0.99 1.69 1.00 0.97 0.86 1.00 NA
 VB 0.91 1.45 1.00 0.88 0.67 1.00 NA
 All 0.83 1.85 0.72 0.84 0.36 0.96 NA

3D Roundness index: 

(

l

b

)2

x

(

l

d1

)2

x

(

l

d2

)2

 IA 0.93 6.40 0.89 0.95 0.57 0.99 0.84
 IB 0.85 7.03 0.72 0.90 0.53 0.95 0.62
 IIA 0.79 18.24 0.65 0.83 0.33 0.95 0.48
 IIB 0.99 16.87 1.00 0.88 0.50 0.95 0.88
 III 0.83 24.89 0.69 0.89 0.37 0.97 0.58
 IV 0.85 31.02 1.00 0.59 0.23 1.00 0.59
 VA 0.96 11.96 1.00 0.88 0.60 1.00 0.88
 VB 0.92 5.22 1.00 0.88 0.67 1.00 0.88
 All 0.83 14.97 0.71 0.84 0.35 0.96 0.55

B

AAO-HNS neck LN level AUC OCP in mm SNS SPC PPV NPV YID

l (length)
 IA 0.38 7.35 0.56 0.55 0.09 0.55 0.11
 IB 0.72 12.95 0.39 0.21 0.07 0.21 − 0.40
 IIA 0.71 14.95 0.35 0.33 0.06 0.33 − 0.32
 IIB 0.91 10.70 0.00 0.29 0.00 0.29 − 0.71
 III 0.68 11.65 0.30 0.38 0.04 0.38 − 0.33
 IV 0.53 6.10 0.40 0.78 0.18 0.78 0.18
 VA 0.58 7.55 0.67 0.77 0.36 0.77 0.44
 VB 1.00 12.55 0.00 0.00 0.00 0.00 − 1.00
 All 0.70 14.55 0.47 0.21 0.07 0.21 − 0.33

b (width)
 IA 0.86 4.95 0.78 0.83 0.27 0.98 0.61
 IB 0.85 8.75 0.63 0.95 0.67 0.94 0.58
 IIA 0.86 7.05 0.76 0.83 0.35 0.97 0.59
 IIB 1.00 7.15 1.00 0.99 0.89 1.00 0.99
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LN level and analyzed separately per neck LN level (Rob-
bins et al. 2002). Of the 2684 LNs, 259 (9.65%) were clas-
sified as suspicious for metastasis by US, but 299 (11.14%) 
were found to be positive by histopathology. Discordant 

findings were found in 86 cases (23 false positive (Suppl. 
Fig. 4a–c) and 63 false negative (Suppl. Fig. 5a–c) results 
by US). According to histopathology, pN status was pN0 in 

Table 1  (continued)

B

AAO-HNS neck LN level AUC OCP in mm SNS SPC PPV NPV YID

 III 0.88 4.95 0.79 0.83 0.30 0.98 0.62
 IV 0.72 5.90 0.60 0.92 0.50 0.95 0.52
 VA 0.70 4.85 0.67 0.79 0.36 0.93 0.46
 VB 1.00 8.05 1.00 1.00 1.00 1.00 1.00
 All 0.85 7.05 0.67 0.89 0.42 0.96 0.56

d1 (diameter 1)
 IA 0.73 11.25 0.60 0.90 0.45 0.94 0.50
 IB 0.79 11.25 0.61 0.88 0.44 0.93 0.49
 IIA 0.79 13.05 0.63 0.84 0.32 0.95 0.47
 IIB 0.94 9.45 1.00 0.77 0.33 1.00 0.77
 III 0.79 8.15 0.76 0.69 0.18 0.97 0.45
 IV 0.58 7.55 0.60 0.72 0.21 0.94 0.32
 VA 0.55 5.65 0.50 0.82 0.33 0.90 0.32
 VB 1.00 11.10 1.00 1.00 1.00 1.00 1.00
 All 0.77 11.45 0.59 0.85 0.32 0.94 0.44

d2 (diameter 2)
 IA 0.89 4.80 0.78 0.84 0.28 0.98 0.62
 IB 0.86 8.55 0.64 0.97 0.76 0.94 0.61
 IIA 0.86 7.75 0.68 0.92 0.50 0.96 0.60
 IIB 1.00 6.55 1.00 0.99 0.89 1.00 0.99
 III 0.89 4.85 0.75 0.88 0.36 0.98 0.64
 IV 0.73 4.65 0.70 0.80 0.30 0.96 0.50
 VA 0.62 4.70 0.67 0.76 0.33 0.93 0.43
 VB 1.00 8.05 1.00 1.00 1.00 1.00 1.00
 All 0.86 6.45 0.69 0.87 0.40 0.96 0.56

c

AAO-HNS neck LN level SNS SPC PPV NPV lr prev

IA 0.67 0.98 0.75 0.97 37.67 0.07
IB 0.83 0.99 0.92 0.97 73.21 0.14
IIA 0.73 0.99 0.92 0.97 94.79 0.11
IIB 1.00 1.00 1.00 1.00 Inf 0.10
III 0.77 0.99 0.86 0.98 65.52 0.08
IV 0.70 1.00 1.00 0.96 Inf 0.11
VA 1.00 1.00 1.00 1.00 Inf 0.15
VB 1.00 1.00 1.00 1.00 Inf 0.20
All 0.79 0.99 0.91 0.97 81.85 0.11

(a) Values for the area under the curve (AUC), optimal cutoff point (OCP), sensitivity (SNS), specificity (SPC), positive predictive value (PPV), 
negative predictive value (NPV), and Youden index (YID) for the 2D- and 3D-roundness indices (see Fig. 1 and Materials and Methods under 
“US Examination of Neck LNs”) according to neck LN level and sublevel per the AAO-AHNS classification. (b) Values for the area under the 
curve (AUC), optimal cutoff point (OCP), sensitivity (SNS), specificity (SPC), positive predictive value (PPV), negative predictive value (NPV), 
and Youden index (YID) for the individual distances l, b, d1, and d2 (see Fig. 1 and Materials and Methods under “US Examination of Neck 
LNs”) according to neck LN level and sublevel per the AAO-AHNS classification. (c) Performance of the subjective ultrasound findings in 
detecting LN metastases (including the likelihood ratio (lr) and prevalence (prev) according to neck LN level and sublevel per the AAO-AHNS 
classification



17325Journal of Cancer Research and Clinical Oncology (2023) 149:17319–17333 

1 3

133, pN1 in 41, pN2 in 2, pN2a in 3, pN2b in 45, pN2c in 
19, and pN3 in 5 cases.

Determination and predictive performance 
of optimal cutoff points (OCPs)

To maximize the performance of the objective criteria 
in predicting tumor involvement, the OCPs for individ-
ual diameters and indices per level (I–VI) and sublevel 
(IA–B, IIA–B, and VA–B) were determined by ROC 
analysis (Table 1). There was a clear spread among the 
values across neck LN levels. For example, the 2D round-
ness value for level IA was 1.5 and that for level III was 
2.01. For diameter l, the OCP was 6.1 mm for level IV and 
14.95 mm for level IIA. For individual diameters, there 
was a general spread from the smallest to largest value by 
a factor of two (Table 1). Determination of the individual 
OCPs per level reflects the shape variations of the LNs 
in the individual levels and led to an improvement in the 
prediction of metastatic disease.

The predictive performance of US increases 
with metastasis size

To determine the performance of the objective criteria and 
the subjective ultrasound findings as a function of the size 
of the metastasis, we assessed metastasis size by measuring 
the diameters of the tumor deposits inside the LNs in two 
dimensions microscopically, and the longest diameter was 
used for evaluation. Because of the otherwise insufficient 
number of LNs, the same OCPs (the respective ideal val-
ues for all levels (I–VI), Table 1, under “all”), were jointly 
used for all LNs from the different neck LN levels except 
for subjective ultrasound findings. Metastases were catego-
rized based on the UICC classification as follows: isolated 
tumor cells (ITCs) and micrometastases had a longest diam-
eter ≤ 2 mm (Sobin et al. 2011), and macrometastases, with a 
longest diameter > 2 mm, were grouped in 2-mm increments 
up to a maximum diameter of 10 mm, and as metastases 
with a longest diameter > 10 mm. Among all criteria (indi-
ces and subjective US findings), the predictive performance 
increased (linearly) with increasing size of the metastases 
(Table 2). The 3D roundness index was not superior to the 
2D index. Among the individual distances, d2 showed the 
best performance with a cutoff point of 6.45 mm (Table 2). 
The data also showed that subjective assessment is insuf-
ficient for the detection of micrometastases, ITCs and mac-
rometastases up to 8 mm.

Comparison of clinical and pathological N status

Beyond analyses based on single LNs, we wanted to deter-
mine the contribution of sonography to N-staging of the 

patients. To do this, each patient was assigned a cN status 
on the basis of measurements of the individual distances l, 
b, d1, and d2 (with respective cutoffs) and subjective US 
findings, and the predictive performance of the cN status 
was assessed by examining the pathological N status (pN 
status; Table 3).

In the present study, the clinical relevance of pathologi-
cal upstaging, specifically from cN0 to cN+, merits particular 
attention. As delineated in Table 3a, among the cohort of 151 
patients initially designated as cN0 based on ultrasonographic 
evaluation, 128 were histopathologically confirmed as pN0. 
Conversely, 17 patients were upstaged to pN1, 2 to pN2b, and 
4 to pN2c. A comprehensive analysis of the LNs account-
able for the diagnostic discordance is elucidated in Suppl. 
Table 1. The ultrasonographic dimensions of the LNs ranged 
from 8 to 29 mm (mean = 16.01 mm, median = 15.7 mm), 
whereas the histological dimensions varied from 4.5 to 20 mm 
(mean = 10.6 mm, median = 10 mm). Furthermore, the dimen-
sions of the metastatic foci within the LNs spanned 0.3 to 
8 mm (mean = 3.67 mm, median = 3.2 mm) (Suppl. Table 1). 
All deviations of the cN values from the pN values were first 
included unweighted in Cohen’s κ calculation. Regarding the 
roundness indices, the 3D index (κ = 0.330) was superior to 
the 2D index (κ = 0.271). Among the individual distances, 
d2 with κ = 0.438 remained the best at correctly predicting 
pN status, whereas l was the worst. Overall, subjective US 
findings performed best, at κ = 0.713. Because any weight-
ing (e.g., weighted Cohen’s κ (Cohen 1968)) would have led 
to enhancement of errors, we did not calculate a weighted 
Cohen’s κ because the performance was already too poor to 
be reliable. However, the performance improved somewhat by 
allowing only a binary decision, namely, cN+ vs. cN0. Again, 
the 3D roundness index (κ = 0.3504) was superior to the 2D 
roundness index (κ = 0.2517), and among single distances, 
d2 (κ = 0.4462) was best for making the N+ vs. N0 decision 
(Table 4). As before, the subjective ultrasound findings were 
best, with κ = 0.7706, but they were still below the limit of 
“almost perfect” (κ = 0.8) (Watson and Petrie 2010). In 4 cases, 
cN status was correctly anticipated despite the wrong LN being 
categorized as being suspected of containing a metastasis.

In summary, we evaluated objective and subjective mor-
phologic US criteria to predict metastases in neck LNs. They 
show different values depending on the neck level and their 
performance in micrometastases is insufficient, but improves 
with increasing size of metastases.

Discussion

This work was undertaken to document the current per-
formance of US in the noninvasive detection of carcinoma 
metastases in neck LNs. Particular emphasis was placed 
on objective morphological criteria (especially length 
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Table 2  Performance of the two roundness indices (2D and 3D); 
the individual measured distances l, b, d1, and d2; and the subjec-
tive ultrasound findings separated according to the greatest extent of 

the metastases within the LNs of less than 2 mm (interstitial tumor 
cells (ITCs) and micrometastases) in 2-mm increments to more than 
10 mm in the longest diameter

Maximum diameter of 
metastasis

 ≤ 2 mm (ITCs or micro-
metastases)

 > 2 and ≤ 4 mm  > 4 and ≤ 6 mm  > 6 and ≤ 8 mm  > 8 and ≤ 10 mm  > 10 mm

2D—roundness ( l
b
 < 1.79)

 n pos 8 20 33 18 28 107
 n 23 39 44 30 35 121
 SNS 0.35 0.51 0.75 0.60 0.80 0.88

3D—roundness ( 
(

l

b

)2

x

(

l

d1

)2

x

(

l

d2

)2

 < 14.97)

 n pos 9 17 34 18 27 104
 n 23 39 44 30 35 121
 SNS 0.39 0.44 0.77 0.60 0.77 0.86

l (> 14.55 mm)
 n pos 9 18 10 7 15 99
 n 23 39 44 30 35 121
 SNS 0.39 0.46 0.23 0.23 0.43 0.82

b (> 7.05 mm)
 n pos 9 16 20 15 26 110
 n 23 39 44 30 35 121
 SNS 0.39 0.41 0.46 0.50 0.74 0.91

d1 (> 11.45 mm)
 n pos 7 14 12 9 22 110
 n 23 39 44 30 35 121
 SNS 0.30 0.36 0.27 0.30 0.63 0.91

d2 (> 6.45 mm)
 n pos 11 18 20 15 28 112
 n 23 39 44 30 35 121
 SNS 0.48 0.46 0.46 0.50 0.80 0.93

Subjective ultrasound findings
 n pos 8 18 29 20 33 121
 n 23 39 44 30 35 121
 SNS 0.35 0.46 0.66 0.67 0.94 1.00

Graph 2b: Performance of the indices and individual diameters depending on the metastasis size within the LNs
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measurements and roundness indices) because of the com-
mon prejudice that US is a subjective method (Wolff 2019).

The study involved an analysis of concordance between 
two datasets: sonographically and histopathologically exam-
ined LNs. Our results showed that the two datasets had high 
congruence in terms of the N stage distribution based on 
subjective US findings, even though the number of histo-
pathologically examined LNs was > 1.6 × higher than that of 
sonographically examined LNs (7237 vs. 4539). The number 
of metastases detected was also > 1.6 × higher among speci-
mens examined histopathologically, with 443 histopatho-
logically examined and 265 US-examined specimens having 
metastases. As expected, more LNs with metastases were 
found overall in the histopathological workup because the 
workup involved microscopy. Additionally, the proportion of 
LNs with metastases by microscopy (6.17%) was somewhat 
higher than that by sonography (5.82%). However, this may 
be because selective ND usually focuses on the side with 
the primary tumor and is often limited to levels most likely 
to be affected by metastases, depending on the location of 
the primary tumor; conversely, when US is performed, all 
levels are examined equally (Wolff 2019). Nevertheless, in 
our study, single ITCs and micrometastases could not be 
detected with sufficient reliability by US. The best perfor-
mance for metastases between 2 and 6 mm was evident with 
the 2D and 3D roundness indices; however, for metastases 
larger than 6 mm, subjective US had the highest accuracy.

The cutoff values for objective parameters (distances 
and indices) displayed a considerable spread depending on 
the AAO-HNS (sub)neck LN level, consistent with a previ-
ous report that did not have an accompanying histological 
assignment (Ying et al. 1999). Thus, consideration of LNs 
separately according to neck level improves the performance 
of individual parameters. Here, valid cutoff values were 
determined for all parameters, with some deviation from pre-
viously reported values. For example, the cutoff value for the 
2D roundness index across all levels was 1.79 instead of the 
previously assumed value of 2 (Solbiati et al. 1992). Addi-
tionally, compared to the 2D index, the 3D index showed 
slightly better specificity (84% vs. 82%) but lower sensitivity 
(71% vs. 74%). As its application is very cumbersome due 
to the large spread of values across levels, the 3D roundness 
index does not constitute a diagnostic gain. In the case of a 
metastasis originating from one or a few cells and increas-
ing in size concentrically in spherical form, the smaller the 

diameter is, the earlier the metastasis must "strike out". In 
this study, the order of distances sorted according to how fast 
they change in response to a metastasis, was d2 > b > d1 > l. 
Hence, the diameter d2 is the best single distance to predict 
metastasis. The cutoff value was 6.45 mm across all levels, 
with values ranging from 4.8 to 8.55 mm depending on the 
neck level. Previous reports have used 8 mm for the diameter 
corresponding to our b (Bruneton et al. 1984) and 11 mm 
for the minimum axial diameter (corresponding to our d2) 
for LNs at level II (van den Brekel et al. 1998) and 10 mm 
(Close et al. 1989; Kelly and Curtin 2017) or 12 mm (Sun 
et al. 2015a, b) for LNs at the remaining levels (I, III–VI). 
Thus, by direct comparison of sonography and histology of 
a large number of individual LNs, new, robust cutoff val-
ues for roundness indices and individual distances could be 
determined.

A comparable work from 2019, also comparing US and 
histology results of the same LN, detected 67 LNs from 34 
patients with surgically treated HNSCC across all levels. 
The cutoff values in that study were 1.2 for the 2D roundness 
index, 13.6 mm for l, 14 mm for b, and 9.4 mm for “thick-
ness”, which in their work corresponded to the dimension of 
the LN that is perpendicular to the body surface and in our 
work most closely equates to d2 (Nishio et al. 2019). The 
disadvantage of individual parameters continues to be their 
low specificity. For example, cortical hyperplasia or local-
ized follicular hyperplasia can also lead to focal enlargement 
of an LN (Kelly and Curtin 2017). So, although the indi-
vidual distances and indices may well approach subjective 
findings in sensitivity for metastases from 6 mm on, specific-
ity remains their major weakness.

Regarding other imaging methods, although they are not 
the focus of our study, it is worth noting that the correspond-
ing performance of CT and MRI for the prediction of LN 
metastasis has been investigated. A recent meta-analysis of 63 
studies and 3029 patients (Sun et al. 2015a, b) revealed that, 
assuming a single LN as a unit of comparison, CT has a sen-
sitivity of 0.77 and a specificity of 0.85, and the correspond-
ing values for MRI are 0.72 and 0.84, respectively. However, 
among the studies examined, none reported such a meticulous 
1:1 node-by-node comparison as that performed in our current 
study. CT examination combined with FDG-PET has been 
shown to be the most successful method for LN staging in 
several meta-analyses (Yongkui et al. 2013; Sun et al. 2015a, 
b). In a recent meta-analysis of 24 studies with 1,270 patients, 

Table 2  (continued)
Due to the otherwise insufficient number of LNs per neck region, the optimal cutoff points for all regions (Table 1) were used. (a) Tabular repre-
sentation of the data: The total number of positive results per LN and the resulting sensitivity are given. As expected, shorter diameters (b, d2) 
show better performance than longer diameters (l, d1)
Regarding the objective criteria, namely, 2D, 3D, l, b, d1, and d2, the cutoff values over all neck levels were assumed in each case, thus tending 
to result in poorer performance than with exact separation by individual neck levels, as in the subjective findings. n pos. number of positive LNs, 
n number of LNs, SNS sensitivity; Graph 2b: Graphical processing of the data
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Table 3  Performance of the two roundness indices (2D and 3D), the individual measured distances l, b, d1, and d2 and the subjective ultrasound 
findings in the prediction of the pathological N status (pN status)

Clinical N status based solely on 2D—roundness ( l
b
 ) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 51 34 16 31 1
pN1 10 12 7 13
pN2 1
pN2a 1 2
pN2b 1 6 27 11
pN2c 2 1 3 13
pN3 1 4

Clinical N status based solely on 3D—roundness ( 
(

l

b

)2

x

(

l

d1

)2

x

(

l

d2

)2

 ) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 61 24 13 35
pN1 6 15 11 11
pN2 1
pN2a 1 2
pN2b 3 5 27 9
pN2c 1 4 14
pN3 2 3

Clinical N status based solely on l (length) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 13 12 41 67
pN1 1 12 10 17
pN2 2
pN2a 2 1
pN2b 2 3 19 21
pN2c 20
pN3 2 3

Clinical N status based solely on b (width) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 52 27 16 38
pN1 8 18 10 5
pN2 2
pN2a 2 1
pN2b 2 7 23 13
pN2c 1 2 16
pN3 5

Clinical N status based solely on d1 (diameter 1) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 32 32 27 42
pN1 8 14 11 9
pN2 2
pN2a 1 2
pN2b 5 5 22 13
pN2c 1 17
pN3 2 3
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Table 3  (continued)

Clinical N status based solely on d2 (diameter 2) vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 77 25 9 22

pN1 11 16 6 8
pN2 2
pN2a 2 1
pN2b 2 8 30 4
pN2c 1 1 2 16
pN3 5

Clinical N status based solely on subjective ultrasound findings vs. pathological N status

cN0 cN1 cN2 cN2a cN2b cN2c cN3

pN0 128 2 1 2
pN1 17 22 2
pN2 2
pN2a 3
pN2b 2 8 1 34
pN2c 4 1 2 12
pN3 2 3

Clinical N status (N0, N +) based solely on 2D—Roundness ( l
b
 ) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 51 82
pN + 14 101

Clinical N status (N0, N +) based solely on 3D—Roundness ( 
(

l

b

)2

x

(

l

d1

)2

x

(

l

d2

)2

 ) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 61 72
pN + 11 104

Clinical N status (N0, N +) based solely on l (length) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 13 120
pN + 3 112

Clinical N status (N0, N +) based solely on b (width) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 52 81
pN + 10 105

Clinical N status (N0, N +) based solely on d1 (diameter 1) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 32 101
pN + 13 102

Clinical N status (N0, N +) based solely on d2 (diameter 2) vs. pathological N status (N0, N +)

cN0 cN + 

pN0 77 56
pN + 14 101
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the sensitivity and specificity values for 18F-FDG-PET/CT 
were 0.91 and 0.87 per patient, 0.84 and 0.83 per neck side 
and 0.80 and 0.96 per neck level (Sun et al. 2015a, b). Within 
another otherwise promising meta-analysis of 24 studies that 
included a previous study from our own group (Heusch et al. 
2014), the sensitivity and specificity values we obtained with 
meticulous 1:1 node-by-node mapping and comparison analo-
gous to the present work were much less favorable (31.0 and 
97.3, respectively), due mainly to small LNs that were not 
detected at all or not detected as positive (Sun et al. 2015a, 
b). In summary, the published data from the cross-sectional 
imaging methods show high sensitivities in some cases, but 
lag behind our US data in specificity.

As expected, the subjective US findings had the best 
performance, and their strength is their specificity. Their 
greatest weakness was in the detection of small metastatic 
deposits; specifically, metastases less than 8 mm in diameter 
were not detected with adequate confidence. The subjective 
US findings also showed strong variations in performance 
depending on the neck level. In particular, it is worth men-
tioning level IA, with its small, rather roundish LNs, and 

IIA, where the LNs are located deeper in the neck and hid-
den within the complex anatomy, making them subjectively 
more difficult to examine than LNs at a more superficial 
level, such as IB or IV. Unfortunately, IA and IIA are the 
clinically more important neck levels (Wolff 2019) The lack 
of specificity of single diameters and the low sensitivity are 
also reflected in the decision on cN stage based only on the 
US modality: only the binary decision of cN0 vs. cN+ based 
on subjective findings was valid enough to have clinical 
relevance in our study. Moreover, computer-assisted risk 
analysis using retrospective data showed that in the case of 
oral cavity carcinoma, elective ND is clearly indicated if the 
probability of occult metastasis is greater than 20% (Weiss 
et al. 1994). This would, therefore, require a NPV of more 
than 80% (Nishio et al. 2019), which was achieved in our 
study with small distances (b, d1, and d2), the two indices 
(2D and 3D), and subjective sonographic findings.

The goal of any imaging procedure must be to compete 
with the gold standard, namely, histopathologic findings, to 
obviate the need for surgical staging in the future. In addition 
to avoiding surgical risks (Gane et al. 2017), preservation 

Table 3  (continued)

Clinical N status (N0, N +) based solely on subjective ultrasound findings vs. pathological N status (N0, N +)

cN0 cN + 

pN0 128 5
pN + 23 92

This was based on the respective optimal cutoff points per (sub)region (IA–VB). For each parameter and for the subjective ultrasound findings, 
only the individual values per LN were used, and a clinical N status (cN status) was established and correlated with the final pathological N sta-
tus (pN status). Concordant results are found on the diagonal; to the left of the diagonal are underestimated findings, and to the right of the diag-
onal are overestimated findings. The numbers indicate the frequency of treatment occasions (248 in total) per respective cN/pN constellation. 
The left table separates according to the individual N stages, and the right-hand part of the table differentiates only between N0 and N + patients

Table 4  Cohen’s kappa index for the prediction of pN status through the 2D-roundness index l/b and 3D-roundness index 
(

l

b

)2

x

(

l

d1

)2

x

(

l

d2

)2

  
as well as through the individually measured distances l, b, d1, and d2

Left three columns: Cohen’s kappa index. A commonly used judgment rule for κ is given in the following classification (Watson and Petrie 
2010): poor, < 0.0 (upper limit); slight, 0.0–0.2; fair, > 0.2–0.4; moderate, > 0.4–0.6; substantial, > 0.6–0.8; and almost perfect; > 0.8–1.0 (upper 
limit). Right seven columns: accuracy, lower confidence interval (CI), upper CI, sensitivity (SNS), specificity (SPC), positive predictive value 
(PPV) and negative predictive value (NPV) for roughly predicting a positive LN status (N +) versus a negative (N0) LN status

Distance resp. index Cohen’s κ index for individual 
N stages

Performance in terms of discrimination pN0 vs. pN + 

Cohen’s κ Lower CI Upper CI Cohen’s κ Accuracy Lower CI Upper CI SNS SPC PPV NPV

2D-roundness 0.270 0.189 0.351 0.2517 0.6129 0.5510 0.6714 0.8783 0.3835 0.5519 0.7846
3D-roundness 0.330 0.247 0.412 0.3504 0.6653 0.6045 0.7211 0.9043 0.4586 0.5909 0.8472
l 0.154 0.089 0.219 0.0670 0.5040 0.4422 0.5667 0.9739 0.0977 0.4828 0.8125
b 0.308 0.227 0.388 0.2918 0.6331 0.5715 0.6906 0.9130 0.3910 0.5645 0.8387
d1 0.206 0.131 0.281 0.1213 0.5403 0.4782 0.6013 0.8870 0.2406 0.5025 0.7111
d2 0.439 0.354 0.524 0.4462 0.7177 0.6587 0.7701 0.8783 0.5789 0.6433 0.8462
Subjective US findings 0.713 0.636 0.790 0.7706 0.8871 0.8417 0.9207 0.8000 0.9624 0.9485 0.8477
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of LNs is important because tumor-draining LNs (TDLNs) 
have been proven to be necessary to overcome immune 
checkpoint inhibitor blockade resistance in recent years, and 
LN preservation is becoming increasingly important in the 
adjuvant and neoadjuvant setting in HNSCC (van Pul et al. 
2021). TDLNs, eventually supported by intra- or peritumoral 
injection of immune checkpoint inhibitors (CTLA-4- or 
PD-1 blocking antibodies) (Fransen et al. 2013) as a site of 
antigen exchange between different DC subsets, play a cen-
tral role in the induction of effective systemic antitumor T 
cell immunity (Borst et al. 2018), and their surgical removal 
impairs clinical outcomes (Chamoto et al. 2017). How-
ever, our meticulous preparation of samples with extensive 
node-by-node assignment is suitable for defining the gap 
to histopathological examination. Moreover, there remains 
a clear lack of sensitivity with regard to the detection of 
small deposits. To ameliorate this, the implementation of 
superior high-resolution B-scans is recommended. Moreo-
ver, the inclusion of microvascular flow imaging (MVFI) 
could facilitate the visualization of intricate changes in hilar 
and peripheral blood vessels within the LNs. These vessels 
often undergo early pathological alterations, manifesting as 
split vessels, vessel tortuosity, and vessel breaks (Ahuja and 
Ying 2005; Aziz et al. 2022). The adoption of shear-wave 
elastography (SWE) could serve as an additional method for 
enhancing diagnostic accuracy (Lerchbaumer et al. 2022).

There are certainly imitations of the current study: above 
all, the large amount of time required for ultrasound exami-
nation and sample preparation in the operating room, which 
made a multicenter setting difficult. This was the reason for 
the long time needed for data acquisition. Another significant 
limitation of this study is the reliance on a single, albeit highly 
experienced, examiner to conduct all US evaluations. It is 
important to note that sonographic imaging is a skill highly 
dependent on the operator’s experience and expertise. The 
examiner in this study has substantial experience in the field, 
which could influence the quality and consistency of the LN 
measurements. Therefore, the results may not be directly gen-
eralizable to other departments or less experienced examiners.

Conclusion

Based on our data with the meticulous 1:1 node-by-node 
comparison, US is currently the best documented imag-
ing method for the detection of cervical LN metastases. 
As expected, subjective findings approximated the his-
topathologic diagnosis most closely. However, objective 
criteria including roundness indices and the mere measure-
ment of individual distances also showed a high sensitiv-
ity, but a lower specificity than the subjective US findings. 
Its weaknesses, however, were still evident in our study, 
especially in the detection of small tumor deposits, and 

the performance of US is currently not sufficient to replace 
histopathological assessment. Furthermore, it’s crucial to 
note that the results are highly influenced by the expertise 
of the examiner involved. Sonographic imaging is inherently 
operator-dependent, making the experience of the investi-
gator a critical factor for obtaining reliable and consistent 
measurements. The integration of high-frequency b-mode 
ultrasound, microvascular flow imaging and shear-wave elas-
tography as multiparametric ultrasound holds the promise to 
eventually close the small gap to histopathological workup 
and to make surgical staging unnecessary one day. However, 
the results presented warrant another prospective study of 
the wait & watch policy in cN0-HNSCC patients.
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tary material available at https:// doi. org/ 10. 1007/ s00432- 023- 05439-x.
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