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ORIGINAL RESEARCH
HEAD & NECK

A Radiologic Grading System for Assessing the Radiographic
Outcome of Treatment in Lymphatic and Lymphatic-Venous

Malformations of the Head and Neck
R. De Leacy, D.V. Bageac, S. Manna, B.S. Gershon, D. Kirke, T. Shigematsu, C. Sinclair, D. Chada, P. Som,

A. Doshi, K. Nael, and A. Berenstein

ABSTRACT

BACKGROUND AND PURPOSE: Two-thirds of lymphatic malformations in children are found in the head and neck. Although con-
ventionally managed through surgical resection, percutaneous sclerotherapy has gained popularity. No reproducible grading system
has been designed to compare sclerotherapy outcomes on the basis of radiologic findings. We propose an MR imaging–based grad-
ing scale to assess the response to sclerotherapy and present an evaluation of its interrater reliability.

MATERIALS AND METHODS: A grading system was developed to stratify treatment outcomes on the basis of interval changes
observed on MR imaging. By means of this system, 56 consecutive cases from our institution with formally diagnosed head and
neck lymphatic malformations treated by sclerotherapy were retrospectively graded. Each patient underwent pre- and posttreat-
ment MR imaging. Each study was evaluated by 3 experienced neuroradiologists. Interrater reliability was assessed using the
Krippendorff a statistic, intraclass coefficient, and 2-way Spearman r correlation.

RESULTS: The overall Krippendorff a statistic was 0.93 (95% CI, 0.89–0.95), denoting excellent agreement among raters. Intraclass
coefficients with respect to consistency and absolute agreements were both 0.97 (95% CI, 0.96–0.98), illustrating low variability.
Every combination of individual rater pairs demonstrated statistically significant (P, .01) linear Spearman r correlations, with values
ranging from 0.90 to 0.95.

CONCLUSIONS: The proposed radiographic grading scale demonstrates excellent interrater reliability. Adoption of this new scale
can standardize reported outcomes following sclerotherapy for head and neck lymphatic malformation and may aid in the investi-
gation of future questions regarding optimal management of these lesions.

ABBREVIATIONS: BDL ¼ Berenstein-De Leacy; LM ¼ lymphatic malformation; LVM ¼ lymphatic-venous malformation

Lymphatic malformations (LMs) and lymphatic-venous mal-
formations (LVMs) are low-flow vascular malformations that

arise as a result of erroneous vascular development during
embryogenesis.1,2 Both malformations are characterized by dis-
tended lymphatic channels, with additional anomalous venous
channels present in LVMs. LMs and LVMs reflect 2 distinct clas-
sifications; however, clinical differentiation of these subtypes is
lacking in much of the literature.

LMs most commonly present in childhood, with an incidence

of 1/20,000 children admitted to the hospital compared with

1/100,000 adults admitted.3 They are unlikely to regress sponta-

neously and demonstrate growth proportionate to body size.4

Most of these lesions are diagnosed before 2 years of age, at which

point 90% come to attention due symptoms including cosmetic

disfigurement, recurrent infection, bleeding, or compression of

adjacent structures.3,5 They represent approximately 5% of be-

nign tumors in infants and children and are located in the head

and neck in 66% of cases.3,6

Despite nuanced etiologic and pathologic distinctions, treat-

ment approaches to LMs and LVMs are currently similar; thus,

the 2 will hereafter be considered as a grouped category (LM-

LVMs). Surgical excision of LM-LVMs in the head and neck has

proved challenging due to the close proximity of the lesions to

vital structures, which often leads to subtotal resection and future

recurrence.7 Particularly in the case of lesions located around the

face and upper airway, total resection has the potential to cause
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pronounced deformity and/or functional impairment (respira-
tory, digestive, and neurologic).8 As a result, percutaneous sclero-
therapy has emerged as a common treatment technique for both
macro- and microcystic LM-LVMs in these regions.

Despite the widespread treatment of head and neck LM-LVMs,
a standardized grading scale for the assessment of the results is lack-
ing. The radiographic criteria for the evaluation of outcomes have
not yet been developed. In 1995, a preoperative staging scale for
LMs was proposed by de Serres et al9 to predict the prognosis and
outcome of surgical intervention on the basis of lesion location.
More recently, Balakrishnan et al10 developed a consensus state-
ment recommending standardized clinical outcome measures for
studies evaluating the treatment of head and neck LMs. Only one of
these measures, lesion volume, is based on radiographic evaluation.

A reliable and reproducible grading system for radiographic
treatment outcomes of head and neck LM-LVMs offers the ability
to both refine reporting standards and clarify communication
between treating physicians. We propose 1 such system based on
contrast-enhanced MR imaging and evaluate its interrater reliabil-
ity in a cohort of patients treated for head and neck LM-LVM with
percutaneous sclerotherapy. The soft-tissue detail, absence of ioniz-
ing radiation, safety profile, and ubiquity of MR imaging make it
an ideal technique on which to develop imaging-based criteria.

MATERIALS AND METHODS
Patient Selection and Treatment
This study was approved by an institutional review board (Mount
Sinai Hospital, New York). We retrospectively reviewed 56 cases of
fluoroscopically guided percutaneous sclerotherapy for head and
neck LM-LVMs from 2005 to 2019. Lesions were initially diagnosed
using MR imaging and/or sonography in conjunction with the clin-
ical examination. LMs and LVMs were differentiated by the pres-
ence of enhancement on postcontrast T1 sequences. The de Serres
stage and lesion architecture (macrocystic, microcystic, or mixed)
were determined by preprocedural MR imaging. All patients under-
went pre- and posttreatment MR imaging, and patients of all ages
were included. Sclerosants used during therapy included bleomycin
and doxycycline. To increase the sample of patients with findings
representative of lesion progression, we included 5 patients who did
not undergo sclerotherapy between MR imaging time points.
Raters were blinded to the treatment status of all patients.

The LM-LVM response to therapy was evaluated via the
comparison of pre- and postprocedural MR imaging. Change in
lesion size was evaluated on axial T2-weighted fat-saturated
sequences and in orthogonal planes when available. In the case of
LVMs and for the evaluation of granulation tissue response,
contrast-enhanced fat-saturated T1 sequences were used.

Imaging Protocol
All patients underwent MR imaging on a 3T Magnetom Skyra MR
imaging system (Siemens). A combination of a 12-element head
and neck coil was used for radiofrequency signal reception. MR
imaging protocol included T1 (TR/TE ¼ 530/17ms, flip angle ¼
150°, voxel¼ 0.6� 0.6� 5 [section] mm, axial plane), T2-fat satu-
ration (TR/TE ¼ 3600/90ms, flip angle ¼ 154°, voxel ¼ 0.6 �
0.6 � 5 [section] mm, axial and coronal planes), and T1 postcon-
trast with fat saturation (TR/TE ¼ 560/11ms, flip angle ¼ 180°,
voxel ¼ 0.6 � 0.6 � 5 [section] mm, axial and coronal planes). To
improve the homogeneity of fat-suppression in the neck, we used
the Dixon fat-suppression technique as reported in a prior study.11

A total of 0.1mmol/kg of gadolinium was administered for post-
contrast imaging.

Grading Scale and Statistical Analysis
The proposed grading system—the Berenstein-De Leacy (BDL)
system—is summarized in Table 1. It categorizes treatment
responses into 7 distinct grades and includes the descriptive
modifier “B,” which can be added to any grade to signify granula-
tion tissue formation in the treatment bed. Radiographic
improvement is stratified across 4 grades (1–4). The remaining
grades (5–7), respectively, signify no change, regression with
extension into an untreated area, and gross progression. The
grading system is discussed in detail below.

The BDL system was used by 3 neuroradiologists (R.D.L.,
A.D., K.N.) with expertise in head and neck imaging to grade
interval changes in lesion volume in 56 patients with head and
neck LM-LVMs. Fifty-one patients underwent fluoroscopically
guided percutaneous sclerotherapy within the imaging interval,
and 5 patients had no treatment. Grading was conducted in an
independent and blinded fashion. Estimation of relative residual
lesion volume was based on visual assessment without the aid of
automated tools for volumetric analysis. All differences in scoring
were resolved by discussion and consensus.

To assess the interrater reliability of the proposed scale, we
conducted 3 statistical analyses. First, we calculated the
Krippendorff alpha a statistic, a commonly used metric of
interrater reliability, treating the grading criteria as an ordinal
scale. Next, intraclass coefficients for consistency and absolute
agreement were calculated to evaluate the variability of a single
outcome grade with respect to the variation across all cases.
Finally, the 2-way Spearman r correlation was calculated to
assess linear correlations between all pairs of raters in a non-
parametric fashion. A P value, .05 was set to demarcate sta-
tistical significance.

Table 1: Grading system for assessing the radiographic outcome of treatment in LM-LVM malformations of the head and neck
Grade Description
1 Complete regression of the lesion on cross-sectional imaging
2 Near-complete regression with trace residual of the lesion on cross-sectional imaging
3 Partial regression with,50% estimated volume of residual malformation
4 Partial regression with .50% estimated volume of residual malformation
5 Minimal or no gross interval change
6 Regression of malformation in 1 region with progression into a previously uninvolved/untreated area
7 Gross interval progression
Modifier B Granulation tissue formation in treatment bed
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For all of the above tests, we determined the strength of inter-

rater reliability according to the criteria proposed by Cicchetti

and Sparrow12: ,0.40, poor; 0.40–0.59, fair; 0.60–0.74, good;

$0.75, excellent.13 A value of 1.00 indicates perfect agreement, 0

indicates no better than chance, and negative values indicate

worse than chance. Statistical analysis was conducted using SPSS,

Version 22.0 (IBM).

RESULTS
Pre- and posttreatment MRIs of 56 patients were presented to 3
raters in a random order. The median age of patients on final
imaging was 6.38 years (range, 0.3–73.9 years), and 28 patients
(50.0%) were female. The median imaging interval was
32.5months (range, 1–131), and the median number of sclero-
therapy treatments received was 1.5 (range, 0–13); 66.1% of
lesions were classified as pure LMs. LM-LVMs were localized to
the right side of the head and neck in 18 cases (32.1%) and the
left in 16 cases (28.6%) and were bilateral in 22 cases (39.3%).
Nine LM-LVMs were classified as macrocystic (16.1%), 19 were
microcystic (33.9%), and 28 were mixed (50.0%). Anatomic loca-
tions representing all preoperative stages of the de Serres criteria
were present in the validation cohort. Patient demographics,
imaging interval, number of treatments, and LVM characteristics
are summarized in Tables 2 and 3.

Table 2: Patient age and average treatments

Median Range
Age (yr) 6.38 (0.33–73.92)
Imaging interval (mo) 32.50 (1–131)
Treatments within imaging interval (mo) 1.50 (0–13)

Table 3: Patient demographics and LV-LVM characteristics

No. (%)
Total 56
Sex
Male 28 50.0%
Female 28 50.0%

Classification
LM 37 66.1%
LVM 19 33.9%

Architecture
Macrocystic 9 16.1%
Microcystic 19 33.9%
Mixed 28 50.0%

Lesion laterality
Right 18 32.1%
Left 16 28.6%
Bilateral 22 39.3%

de Serres stage
I (unilateral infrahyoid) 1 1.8%
II (unilateral suprahyoid) 27 48.2%
III (unilateral suprahyoid and infrahyoid) 8 14.3%
IV (bilateral suprahyoid) 9 16.1%
V (bilateral suprahyoid and infrahyoid) 11 19.6%

Table 4: Frequency of grading outcomes
Final Grade Count Frequency (%)
1 3 5.4%
2 8 14.3%
3 17 30.4%
4 8 14.3%
5 7 12.5%
6 6 10.7%
7 5 8.9%
B Modifier 2 3.6%

Table 5: BDL interrater reliability
Interrater Reliability

Measure
Statistical
Value CI or P Value

Krippendorff a statistic 0.93 (95% CI, 0.89–0.95)
Intraclass coefficienta 0.97 (95% CI, 0.96–0.98)
Spearman r (K.N. vs A.D.) 0.90 P, .001
Spearman r (K.N. vs R.D.L.) 0.93 P, .001
Spearman r (A.D. vs R.D.L.) 0.95 P, .001

a Intraclass coefficients calculated for both consistency and absolute agreement
yielded identical values.

FIG 1. BDL grade 1 response. A 50-year-old man with dysphagia was
found to have a de Serres stage II macrocystic LM of the head. A,
Preprocedural T2-weighted axial MR imaging at the level of the hard
palate shows a lesion primarily centered within the right parapharyng-
eal space (white arrow). B, Four months later, following 1 sclerother-
apy treatment, T2-weighted axial MR imaging at the same level shows
BDL grade 1 complete regression of the lesion on cross-sectional
imaging (white arrow).

FIG 2. BDL grade 2 response. A 7-year-old girl with a left cheek mass
was found to have a de Serres stage II mixed macro-/microcystic LM
of the head. A, Preprocedural T2 fat-suppressed axial MR imaging at
the level of the maxillary alveolar process shows involvement of the
left buccal and parotid spaces (white arrow). B, Seven months later,
following 2 sclerotherapy treatments, T2 fat-suppressed axial MR
imaging at the same level shows BDL grade 2 near-complete resolu-
tion of the LM with trace residuals (white arrow).
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There was unanimous agreement among raters in 39 cases
(69.6%), agreement among two-thirds of raters in 16 cases
(28.6%), and no agreement on initial grading in 1 case (1.7%). All
discrepancies were resolved via discussion. All grades of the BDL
scale, including the modifier for granulation tissue, were repre-
sented in the validation cohort. The prevalence of each grade is
presented in Table 4. Stratification of grade prevalence by lesion
architecture is available in the Online Supplemental Data.

The overall Krippendorff a statistic was 0.93 (95% CI, 0.89–
0.95), denoting excellent agreement. Both intraclass coefficients
with respect to consistency and absolute agreements were 0.97
(95% CI, 0.96–0.98), denoting excellent consistency. A 2-way
Spearman r correlation was calculated between every permuta-
tion of raters: K.N. and A.D. demonstrated a r of 0.90 (P, .001),
K.N. and R.D.L. demonstrated a r of 0.93 (P, .001), and A.D.
and R.D.L demonstrated a r of 0.95 (P, .001). These values
denote a strong and significant linear correlation between indi-
vidual rater pairs. Measurements of interrater reliability are sum-
marized in Table 5.

DISCUSSION
To the best of our knowledge, the BDL system described and
evaluated above is the only grading system to be put forward for
assessing the radiologic response to therapy in patients with head
and neck LM-LVMs treated by either surgical excision or percu-
taneous sclerotherapy. Among 3 separate raters evaluating 56
different cases of LM- LVM treatment, it has demonstrated excel-
lent consistency and rates of agreement, suggesting that it may be
useful as a tool for both clinical communication and radiographic
outcomes reporting.

The recent proliferation of studies evaluating techniques and
agents for the treatment of LM-LVMs14-19 necessitates a standardized
method for radiographic outcome, reporting that can provide a com-
mon language for accurate comparison among independent trials.
The utility of such a system is well-exemplified by the radiographic

Response Evaluation Criteria in Solid
Tumors for response to treatment in
solid tumors, which, since its introduc-
tion in 2000, has allowed reliable com-
parison of different treatment trials
during the past 2 decades.20 Similar
benefits extend across a broad range of
disease interventions, including intracra-
nial aneurysm embolization (Modified
Raymond-Roy Classification), stroke
intervention (Modified Treatment in
Cerebral Ischemia score), and
others.21,22

Important steps toward improved
standardization have already been
taken with regard to preoperative stag-
ing and clinical outcome reporting,
and this scale is intended to supple-
ment this effort by providing a stand-
ard, simple, and reproducible measure
of radiographic treatment results.

FIG 3. BDL grade 3B response. A 6-year-old boy with dysphagia was
found to have a de Serres stage II mixed macro-/microsystic LM of the
head. A, Preprocedural T2-weighted axial MR imaging at the level of
the submandibular glands shows involvement of the left submandibu-
lar, sublingual, and parapharyngeal mucosal (not shown) spaces (white
arrow). B, Thirty-sevenmonths later, following 1 sclerotherapy treat-
ment, T2-weighted axial MR imaging at the same level shows BDL grade
3B partial regression, with,50% estimated volume of residual malfor-
mation (white arrow) and intermediate signal granulation tissue forma-
tion within the treatment bed (white arrowhead). C, At the follow-up
time point, note precontrast axial T1-weighted MR imaging isointensity
of the suspected granuloma with muscle (white arrowhead). D,
Postcontrast axial T1 at the same level demonstrates enhancement of
the suspected granuloma (white arrowhead), confirming 3B grading.

FIG 4. BDL grade 4 response. An 18-year-old woman with an extensive bilateral de Serres stage IV
mixed macro-/microcystic LVM of the supra- and infrahyoid neck presents for sclerotherapy after
receiving multiple treatments at an outside institution. A, Preprocedural T2-weighted axial MR imag-
ing at the level of the alveolar process of the maxilla shows widespread LVM bilaterally (white arrow).
B, Preprocedural T1 fat-saturated postcontrast axial MR imaging at the same level demonstrates
enhancement of venous structures within the LVM (white arrow). C, Thirty-five months later, follow-
ing 1 sclerotherapy treatment targeting the left buccal region, repeat T2-weighted axial MR imaging at
the same level shows BDL grade 4 partial regression (white arrow) with .50% estimated volume of
residual malformation.
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The 7-grade scale proposed and evaluated here stratifies radi-
ographic improvement across 4 levels, illustrated by case exam-
ples in Figs 1–4. These grades include the following: 1) complete
regression of the lesion, 2) near-complete repression with trace
residual lesion, 3) partial regression with,50% residual lesion,
and 4) partial regression with.50% residual lesion. Grade 5 indi-
cates minimal or no interval change in the treated LM-LVM (Fig
5). Regression of the LM-LVM in 1 area, with expansion into a
previously uninvolved area is denoted by grade 6 (Fig 6). Finally,
gross interval progression is denoted by grade 7 (Fig 7). The for-
mation of granulation tissue within the treatment bed, which

may occur in conjunction with any radiographic grade, is indi-
cated by the modifier B as illustrated in Fig 3. This modifier was
omitted from analysis to preserve the statistical power of inter-
rater testing; thus, its interrater reliability has not been evaluated.
Nonetheless, it is included as a possible addition to each grade
due to the clinical importance of granuloma formation, which is
pathologically distinct from the LVM itself and may impede the
improvement of cosmetic deficits or mass-related symptoms.

The common standard offered by the BDL system is designed
to include a number of advantages over current consensus rec-
ommendations that include “LM volume” as the only standar-
dized radiographic indicator of treatment outcome.10 By treating
the LM-LVM response to therapy as a percentage change, it
avoids direct estimation of LM-LVM volume, which, in the ab-
sence of advanced segmentation methods, is prone to significant
error due to the irregular geometry commonly observed in these
lesions. Furthermore, by considering the change across an imag-
ing interval, the system captures treatment response as opposed
to the absolute volume of the residual lesion after treatment. The
BDL system was not designed to assess the clinical efficacy of
embolization procedures but rather to provide a standardized
system by which radiographic changes in head and neck LM-
LVMs can be reported for the purposes of research and clinical
communication. Nonetheless, it is structured in a way that allows
future validation studies correlated to clinical outcomes.

The primary limitation of this study comes as a result of the
validation cohort sample size, which is relatively small due to the
rarity with which these malformations present for treatment. As a
result, consistency and agreement were evaluated only with respect
to the scale as a whole, and not within each grade of the scale indi-
vidually. Similarly, the descriptive B, which in our proposed grad-
ing system represents the modifier used for the present of
granulation tissue within the treatment bed, was also excluded
from analysis. Further studies evaluating this scale in a larger

FIG 5. BDL grade 5 response. A 2-month-old boy with tongue swelling
was found to have a de Serres stage II mixed macro-/microcystic sub-
lingual LM. A, Preprocedural T2 fat-suppressed axial MR imaging at the
level of the mandibular symphysis shows involvement of the right and
middle aspects of the sublingual space (white arrows). B, Five years
later, following 1 sclerotherapy treatment, T2 fat-suppressed axial MR
imaging at the same level shows BDL grade 5 recurrence of the LM
without a gross interval change from baseline (white arrows).

FIG 6. BDL grade 6 response. An 8-year-old boy with right facial
prominence was found to have a de Serres stage II mixed macro-/
microcystic LM. A, Preprocedural T2 fat-suppressed axial MR imaging
at the level of the oropharynx shows trans-spatial involvement of the
right neck extending from the right parotid and masticator spaces to
the pharyngeal mucosal space (white arrow), sparing the retrophar-
yngeal space. B, One year later, following 2 sclerotherapy treatments,
T2 fat-suppressed axial MR imaging at the same level shows BDL
grade 6 regression within the treatment bed and extension into the
retropharyngeal space, which was previously uninvolved (white
arrow).

FIG 7. BDL grade 7 progression. A neonate boy with right facial
prominence was found to have a de Serres stage II macrocystic LM.
A, Initial T2 fat-suppressed axial MR imaging at the level of the hard
palate shows involvement of the right buccal space (white arrow). B,
Three years later, before any intervention, T2 fat-suppressed axial
MR imaging at the same level shows BDL grade 7 progression with
clear volume increase and extension into the masticator and para-
pharyngeal (white arrow).
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cohort could be conducted to overcome this limitation. Other
promising areas for future study include validation of the scale
with regard to open surgical treatment outcomes, correlation to
clinical examination findings, and correlation with meaningful
clinical end points, most notably recurrence rates.

CONCLUSIONS
The present study demonstrates that the BDL system for assessing
the treatment of head and neck LM-LVMs has excellent consis-
tency and rates of agreement. This is the only grading system to be
put forward for assessing the response to therapy in patients with
head and neck LM-LVMs treated by either surgical excision or per-
cutaneous sclerotherapy. This system offers an effective means by
which to streamline clinical communication and standardize radio-
graphic outcome reporting for the treatment of these lesions.
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