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DISEASE CONCEPT UPDATE

Tatsuo Kuroda
Kanagawa Children's Medical Center, Yokohama, Japan

Congenital cystic lung disease (CCLD) includes several disease entities with different embryological
backgrounds. Guidelines on CCLD recently developed in Japan divide CCLD into five major categories
based on embryology : 1) congenital pulmonary airway malformation (CPAM) : 2) lung bud anomalies ;
3) foregut anomalies ; 4) bronchial atresia; and 5) others. This novel classification aims to avoid the
overlapping of categories and clarify the clinical features of each. A certain cohort of CCLD, especially
CPAM, is known to result in intrauterine fetal death and respiratory distress immediately after birth.
The lung lesion volume index and MRI assessment have been reported to be predictive of perinatal risk,
although none of the indices are vet reliable enough to indicate the necessity for fetal surgery. The
etiology of CPAM is widely recognized as suspension or delay of lung development during organogen-
esis. On the other hand, a totally new concept has been proposed as the etiology of CPAM. The concept
of bronchopulmonary foregut malformation, a CCLD type with communication between the airway and
gastrointestinal tract, remains unestablished. Future studies are required to establish the concept of
CCLD.

© Japan Surgical Society Journal Web Site : hitp : //journaljssoc.or.jp
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Abstract
Purpose Long-term outcomes of slide tracheoplasty in patients with congenital tracheal stenosis (CTS) have rarely been
reported. This study aimed to clarify the long-term outcomes of CTS after slide tracheoplasty.

Methods The medical records of 33 patients who underwent slide tracheoplasty for CTS at our institution between January
2005 and July 2018, with a follow-up duration > 5 years, were retrospectively reviewed. Patients’ characteristics, periopera-
tive condition, operative management, postoperative course, tracheal stenosis rates and growth data, were collected from
medical records.

Results The median operative age, minimum tracheal diameter, length of stenosis, duration of hospital stays, and follow-up
duration were 8 months, 2.4 mm, 35 mm, 39 days, and 90 months, respectively. One patient died of bleeding in the right lung
at 126 months postoperatively. Among the 10 patients requiring postoperative tracheostomy, seven were successfully decan-
nulated at a median of 65 months postoperatively. Tracheal stenosis rates improved postoperatively and were subsequently
maintained. Growth impairment and psychomotor delay were observed in 9 and 16 patients, respectively with significant
differences found only in cases with genetic abnormalities and not in tracheal stenosis seventy.

Conclusion Slide tracheoplasty for CTS leads to favorable long-term outcomes. However, various associated anomalies may
influence growth and psychomotor development, emphasizing the importance of adequate support.

Keywords Congenital tracheal stenosis - Shde tracheoplasty -

Growth impairment - Psychomotor developmental delay

Introduction

Congenital tracheal stenosis (CTS) is a rare anomaly char-
acterized by narrowing of the tracheal lumen; the stenotic
regions are composed of complete tracheal cartilage rings
[1]. This often causes life-threatening acute respiratory
insufficiency. However, in recent years, slide tracheoplasty
has improved the treatment outcomes [2]. Experienced
centers have reported high survival rates (88.2-95.004) in
patients with CTS after slide tracheoplasty [3, 4]. However,
reports on the long-term postoperative follow-up are lim-
ited. Therefore, the present study aimed to clarify the long-
term prognosis of CTS after slide tracheoplasty.

4 Keiichi Morita
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1 Department of Pediatric Surgery, Kobe Children’s Hospital,
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Methods
Study design and population

We retrospectively reviewed the medical records of patients
who underwent slide tracheoplasty for CTS at our institu-
tion between January 2005 and July 2018, focusing on
cases with a follow-up period of > 5 years. This study was
approved by the Institutional Ethics Committee (approval
number: R5-63) and performed in accordance with the prin-
ciples of the Declaration of Helsinki. This study was open
to the public and guaranteed a refusal to cooperate; the
data were anonymous, and the need for separate informed
consent was waived. The data collected included sex, ges-
tational age, birth weight, comorbidities, age at surgery,
narrowest tracheal diameter, length of stenosis, duration of
hospital stay, postoperative course, additional treatments,
and growth data related to height and weight.

We examined changes in tracheal stenosis rates based on
computed tomography (CT) scan lung field conditions as
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follows: tracheal stenosis rate (%) = (normal tracheal area
— narrowest area) /normal tracheal area x100. CT mmages
obtained before 2008, which could only be measured in
the film format, were excluded. Cases in which the nor-
mal and narrowest tracheal areas could not be measured
because of tracheostomy management were excluded To
assess the postoperative respiratory status, we modified the
chinical classification of CTS proposed by Antén-Pacheco
et al. [5] and divided the patients into three groups: group [
{asymptomatic or occasionally symptomatic), IT (symptom-
atic but not requiring oxygen or respiratory support), and
III (severely symptomatic requiring oxygen and respiratory
support). We assessed the postoperative growth status using
Z-scores for height and weight. A case is defined as experi-
encing growth impairment when the Z score 15 -2 or below
for height or weight at the final measurement. The collected
data were compared between patients with and without
growth impairment to clarify the clinical growth pattern
in postoperative CTS. We defined cases of psychomotor
developmental delay as that required attendance at special
education schools or classes, Special education schools and
classes in Japan provide individualized educational sup-
port to children facing challenges in commumication, social
adaptation, and daily life, necessitating frequent assistance,
The collected data were compared between patients with
and without psychomotor developmental delays to clarify
the clinical features of postoperative CTS in terms of psy-
chomotor development.

Patient management

All patients underwent a preoperative bronchoscopic
examination and were diagnosed with CTS associated with
complete tracheal rings. The slide tracheoplasty technique
performed at our institution has been previously described
[6]. Briefly, the procedure was performed through a median
sternotomy under extracorporeal membrane oxygenation
(ECMO) or cardiopulmonary bypass. The stenotic trachea
was divided transversely a few millimeters below the mid-
point. The proximal and distal segments were incised along
the posterior and anterior aspects, and the stenotic trachea
with complete tracheal rings was completely incised. The
entire oblique circumference of the proximal and dis-
tal tracheal segments was anastomosed using interrupted
polydioxanone sutures.

Postoperatively, patients were managed in the pediatric
intensive care unit. They were sedated for at least 3 days
with muscle relaxants. Mechamcal ventilator support was
usually weaned within the first week, and the patients were
extubated. Subsequently, respiratory and oral intake rehabil-
itations were performed, and discharge was considered once
respiratory stability was achieved. Outpatient follow-ups
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after discharge were performed periodically at the discretion
of the attending physician. We examined the postoperative
tracheal diameter in patients who still had a tracheostomy
and presented with respiratory symptoms such as wheez-
ing or recurrent bronchitis. Some patients underwent CT
monitoring for the growth of their tracheal diameter after
tracheoplasty with the consent of their families. We ana-
lyzed the tracheal diameter at five time points preopera-
tively (timepoint 1), 1 month postoperatively (timepoint 2),
6 months to 1 year postoperatively (timepoint 3), 2 years
postoperatively (timepoint 4), and more than 3 years post-
operatively (timepoint 5).

Statistical analysis

All results are expressed as the median (range). The Mann
Whitney U test was used to compare continuous variables
between patients with and without growth impairment and
between those with and without psychomotor develop-
mental delay. The Fisher’s exact test was used to compare
categorical variables between groups. Differences were
considered statistically significant at p<0.05. All statisti-
cal analyses were performed using SPS5 Statistics for Win-
dows (version 27.0.1; IBM Corp., Armonk, NY, USA).

Results

Between January 2005 and July 2018, 68 patients underwent
slide tracheoplasty for CTS. Three cases (4.4%) resulted in
in-hospatal postoperative mortality, and 13 patients (19.1%)
required tracheostomy management after surgery. Among
the 65 discharged patients, 19 (27.9%) were followed up
at their referral institutions, and 13 (19.1%) completed fol-
low-up within 5 years at our institution. The remaining 33
patients (48.5%) had a follow-up of > 5 years at our institu-
tion. The characteristics of these 33 patients are presented
in Table 1. One patient died due to right lung hemorrhage
during follow-up, which occurred 126 months after surgery.

Of the 33 patients, 26 were successfully decannulated
before discharge, while seven still required tracheos-
tomy postoperatively. Among the 26 patients, three devel-
oped progressive anastomotic stenosis after discharge and
required tracheostomy, resulting in a total of 10 patients
requiring tracheostomy management after surgery. The
causes included anastomotic stenosis, tracheomalacia, ante-
rior wall necrosis, and difficulty in sputum clearance in six,
two, one, and one cases, respectively. Additional treatments
such as balloon dilation and laser ablation were performed
for anastomotic stenosis. Two patients with tracheomalacia
and one with difficulty in sputum clearance improved with
growth, and seven out of the 10 cases were successfully
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Table 1 Patient characteristics and operative data
n (%) or median+ 15D

Background n=33

(Range)
male 19 (57.8)
Operative age (months) 80x129 (2-69)
Minimum tracheal diameter{mm) 2.4+03 (1.5-
29
Length of stenosis(mm) 35x11.8 (15-60)
Duration of hospital stay({days) 39£1239 (17
440)
Associated anomalies
None 2 (6.1)
PA sling 17 (51.5)
Other cardiovascular anomalies 17 (51.5)
bronchus anomalies 11 (33.3)
Lung hypo or agenesis 8 (24.2)
Other anomalies 10 (30.3)
Chromosomal abnormality multiple 6 (18.2)
malformations
Follow-up{months) G0+£45.1 (60-
218)

decannulated at 65+ 19.0 months (range: 32-92 months)
post-surgery. Ultimately, 30 patients (90.9%) underwent
decannulation, with 28 (84.8%) achieving decannula-
tion before entering elementary school. The patients were
categonized into three groups based on the postoperative
respiratory symptoms: groups I (n=25), Il (n=4), and III
(n=3). Among the three patients in Group III with decan-
nulation challenges, the first patient developed anterior wall
necrosis at 11 days post-surgery and underwent pericardial
patch repair, but still required tracheostomy management
and 1s currently 18 years old. The second patient, despite

100

successful decannulation after surgery, required two tra-
cheal suspensions for tracheomalacia and balloon dilation
for anastomotic stenosis, however, tracheostomy manage-
ment was needed after discharge due to difficulty in spu-
tum clearance. An attempt was made to decannulate at 70
months post-surgery but was abandoned due to difficulty in
sputum clearance. This patient is currently 91 months post-
surgery, and a re-decannulation attempt is being planned.
The third patient, although successfully decannulated post-
operatively, required tracheostomy management after dis-
charge because of anastomotic stenosis. Despite balloon
dilation, laryngotracheoplasty, and laser ablation, the steno-
sis did not improve, leading to a complete occlusion of the
proximal tracheostomy site. Tubular tracheal resection was
performed and the patient is currently under postoperative
management.

Tracheal stenosis rate

Tracheal stenosis rate measurements were available for
29 patients, with a median number of 4 +1.2 (range: 2-7
scans) CT scans. Figure 1 illustrates the changes in stenosis
rate for individual cases. To evaluate the temporal trends of
the tracheal stenosis rate, the measurements were taken at
five time points: timepoint 1: preoperatively, timepoint 2:
0.75+0.3 months (n=25, range 0.5-2 months), timepoint
3: 8.5+3.4 months (n=18, range 3-13 months), time-
point 4: 24.5+6.6 months (n=12, range 16-36 months),
and timepoint 5: 70+31.1 months (n=17, range 41-153
months) postoperatively, respectively. Tracheal stenosis
rates were 61.9+21 4% (range: 2.9-85.1%), 39.0+£32.4%

40

20

The rate of tracheal stenosis (%)

0

preoperation

-20

=40

Fig. 1 Postoperative changes in the rate of tracheal stenosis
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(range: -36.8-87.5%), 23.7+26.6% (range: -20.6-81%),and  Growth impairment

40.3+24.9% (range: -31,8-67.2%), respectively. Improve-

ment in the stenosis rate was observed for up to 8.5 months ~ Figure 2 shows the progression of Z-scores for height and

postoperatively, with subsequent stabilization. weight, Growth impairment was observed in nine patients
(27.3%), with only six patients (18.2%) showing values
above the mean. The median differences between the ini-
tial and final Z scores for all patients were —0.02 +1.20 for
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Fig. 2 Postoperative changes in height and weight
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Table 2 Comparison of patients with and without growth impairment

growth impairment without with  p-value
n 24 9

Sex (male: female) 12:12 2.7 0.241
Birth week {weeks) 38 39 0.313
Birth weight(a) 2598 2243 0116
Operative age (months) 85 8 0.855
Pre/post operative CPR or 3 3 0.309
Emergency ECMO

Minimum tracheal diameter{mm) 24 23 0.603
Length of stenosis(mm) 34 36 0.429
Duration of hospital stay(days) 37 44 0.44
Bronchus anomalies 9 2 0.681
Lung hypo or agenesis 7 1 0.394
PA sling 12 5 1
Other cardiovascular anomalies 11 6 0.438
Chromogomal abnormality 2 4 0.034
Multiple malformations

Other anomalies 6 4 0.4
Postoperative extubation 19 7 1
tracheostomy management after surgery 8 2 0.686
Duration of tracheostomy({months) 68 8l 1
Currently tracheostomy 3 0 0.545
Currently gastrostomy 1 3 0.052
Scoliosis 9 2 0.597
Psychomaotor developmental delay 8 8 0.007

Table 3 Comparison of patients with and without psychomotor devel-
opmental delay

peyeh o dev | delay without with  p-value
n 17 16

Sex (male: female) 611 8 0,303
Birth week (weeks) 38 38 0.531
Birth weight(z) 2505 2631 0223
Operative age (months) 9 75 0.558
Pre/post operative CPR or 2 4 0.398
Emengency ECMO

Minimum tracheal diameter{mm) 2.4 23 0.693
Length of stenosis(mm) 35 31 0.17
Duration of hospital stay(days) 35 45 0.504
Bronchus anomalies 4 7 0.218
Lang hypo or agenesis 3 5 0.438
PAsling 10 7 0.387
Other cardiovascular anomalies 6 11 0.055
Chromosomal abnormality 1] 6 0.007
Multiple malformations

Other anomalies 3 7 0.141
Postoperative extubation 14 12 0.688
tracheostomy management after surgery 6 4 0.708
Duration of tracheostomy({months) 76 55 0.257
Currently tracheostomy 3 0 0.227
Currently gastrostomy 1 3 0.335
Scoliosis 1 4 0.175
Psychomotor develop | delay 1 8 0.007

height (range: -2.89-3.53) and 0.60 +1.18 for weight (range:
-1.76-3.67). Table 2 compares patients with and without
growth impairment (n=9 and n=24, respectively). Statisti-
cally significant differences were observed only in patients
with genetic abnormalities and psychomotor developmental
delays, with no significant differences in the severity of tra-
cheal stenosis.

Psychomotor developmental delay

Sixteen patients exhibited psychomotor developmen-
tal delays. A comparison of the patients with and with-
out psychomotor developmental delay (n=16 and n=17,
respectively) 1s shown in Table 3. Statistically significant
differences were observed only in patients with genetic
abnormalities and growth impairment. Among the six
patients who required cardiopulmonary resuscitation or
emergency ECMO due to cardiac arrest, two showed brain
atrophy on head CT scans and were diagnosed with hypoxic
brain injury. OFf the six patients, only two showed psycho-
motor developmental delay, while among the two patients
with hypoxic brain injury, one attended regular classes and
did not exthibit psychomotor developmental delay.

Discussion

In this study, many patients with CTS maintained their
tracheal diameters and achieved long-term respiratory sta-
bility after slide tracheoplasty. However, in many cases,
growth mpairment and psychomotor developmental delay
occurred, and these factors did not correlate with the severity
of CTS. To our knowledge, this is the first study to address
growth impairment and psychomotor developmental delay
after slide tracheoplasty in patients with CTS.

During long-term follow-up, 90.9% of the patients were
decannulated after slide tracheoplasty. Since the introduc-
tion of slide tracheoplasty for CTS in 1989, it has become
the standard procedure owing to its lower mortality and
fewer postoperative complications compared with other
surgical treatments [2]. However, anastomotic insufficiency
such as anastomotic stenosis or anastomotic tracheal wall
necrosis remains the most frequent postoperative complica-
tion [7]. Additionally, 23% of cases requiring postoperative
tracheostomy management due to granulation formation
or tracheomalacia have been reported [7]. In our study,
tracheostomy was required in 10 patients postoperatively.
Mevertheless, with additional treatments such as balloon
dilatation and growth monitoring, the stenotic segment
expanded, allowing 28 patients (84.8%) to achieve decan-
nulation before entering elementary school and eventually,
30 patients (90.9%) were decannulated.
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The postoperative tracheal stenosis rate showed an initial
improvement for a certain period, followed by a tendency
for long-term growth similar to that of the normal section.
Postoperative improvement is attributed to the resolution
of surgical invasiveness and improved wound healing at
the anastomotic site, leading to the formation of a stenotic
segment that significantly expands beyond the normal sec-
tion. In the long-term, the stenosis rate was maintained at
approximately 30%. Similar to the findings reported in
previous studies [8-10], the stenotic segment continued to
grow, similar to the normal section. Given that Cheng et al.
demonstrated a stenosis rate ranging from 18 to 55% in a
nonsurgical group with tracheal stenosis [11], it is possible
that many patients maintain a sufficient tracheal diameter
even during long-term follow-up.

Growth impairment was observed in nine patients
(27.3%), and psychomotor developmental delay was
observed in 16 patients (48.5%). However, respiratory
impairment, CTS severity, clinical course, and hospital
care were not related to growth impairment or psychomotor
developmental delay. To the best of our knowledge, there
have been no reports of growth impairment or psychomotor
developmental delays after surgery for CTS. CTS 1s often
associated with other congenital anomalies such as congeni-
tal heart disease, pulmonary agenesis, and digestive system
disorders, In our study, only genetic abnormalities showed
statistically significant differences. However, it is likely that
multiple factors influenced these outcomes. Surgery for
CTS can stabilize the respiratory condition once a sufficient
tracheal diameter is formed; however, it may require ongo-
ing support from medical facilities and the commumty for
daily life.

This study has some limitations. Firstly, among the
patients who underwent slide tracheoplasty at our institu-
tion, only 33 (47.8%) had follow-up periods > 5 years. This
is attributed to the following: (1) CTS is a rare condition and
patients are often referred to our institution from all over
the country. Ongce their condition stabilizes postoperatively,
they often return to their referral hospital for continued
follow-up (27.9% of patients). (2) In cases where tracheal
reconstruction was effective and led to respiratory stability,
follow-up was often discontinued (19.1%). It is important
to note that the data used in this study may be subject to
certain biases, and it is necessary to accumulate more cases
and conduet further investigations in the future. Secondly,
in this paper, we only defined cases of psychomotor devel-
opmental delay as that required attendance at special educa-
tion schools or classes, without specifying the extent of the
delay. This paper was a retrospective study and could not
assess this aspect comprehensively. However, to evaluate
the extent of the delay, more objective scoring systems to
assess psychomotor developmental delay.
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only asked whether the child attended a school for the
disabled and did not use an objective scoring system to
assess mental retardation. A more objective scoring system
should be used to assess the degree of mental retardation in
more detail

In conclusion, after slide tracheoplasty for CTS, some
patients may require temporary tracheostomy manage-
ment; however, many patients are expected to experi-
ence improvement and maintenance of stenosis rates with
growth, eventually allowing decannulation. Some patients
actively participated in extracurricular activities and uni-
versity entrance examinations, suggesting a positive long-
term impact on the growth of pediatric patients. However,
patients may be influenced by various factors, especially
those with other congenital anomalies, and adequate sup-
port is crucial for their well-being,
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Abstract

Buackground: The natural history of venous malformation (VM) and Klippel-Trenaunay Syndrome (KTS) has
not been quantitatively studied. To cbtain benchmarks to guide designing clinical trials to assess safety and
efficacy of novel drug candidates, the clinical course of the patients was followed for 6 months.

Methods and Resulfs: This is a multicenter prospective observational study evaluating the change rate in lesion
volume from baseline with magnetic resonance images, as the primary endpoint. In addition, disease severities,
performance status (PS), pain visual analog scale (VAS) score, quality of life (QoL), infections, and coagulation
markers were also evaluated. Thirty-four patients (VM =17, KTS=17, 1-53 of age; median 15.9 years) with
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measurable lesion volume were analyzed. There was no statistically significant difference in the lesion volume
between baseline and day 180, and the mean change rate (standard deviation) was 1.06 (0.28). There were no
baseline characteristics that affected the change in lesion volume over 6 months. However, there were patients
who showed more than 20% volume change and it was suggested that the lesion volume was largely impacted
by local infection. There were no statistically significant changes in pain VAS score, severity, PS, QoL score,
D-dimer, and platelet count over 6 months within all patients analyzed.

Conclusion: The results showed the representative natural course of VM and KTS for a 6-month period with
objective change of lesion volume and other factors, suggesting that it is scientifically reasonable to conduct a
Phase 2 proof-of-concept study without a placebo arm, using the results of this study as the control.

Clinical Trial Registration: NCT04285723, NCT04589650.

Keywords: venous malformations, Klippel-Trenaunay Syndrome, natural history, prospective observational

study, MR volumetry

Introduction

ENOUS MALFORMATION (VM) anp Klippel-Trenaunay

Syndrome (KTS) are both orphan indications and their
incidence is reported to be 1-2 in 10,000" and 1 in 100,000
live births,” respectively. VM is a congenital lesion, which
mainly consists of irregularly dilated vein, in which low-
pressure and slow-flow blood goes through, with abnormal
wall structure. VM can be developed in any part of the body,
including the head and neck, trunk, and extremities. The
discases present across a wide range of ages from infants and
schoolchildren to adulthood, and symptoms progress or de-
teriorate owing to growth and external stimulations.™ KTS is
diagnosed by fulfilling two of the three major criteria: (1)
having a port-wine stain due to a capillary malformation of
the skin, (2) having slow-flow vascular malformations, and
(3) overgrowth and hypertrophy of one or more extremities.”
Vascular lesions and hemihypertrophy associated with KTS
are observed at birth and exacerbated with age and growth in
many cases. The major complaints include local pain, fever,
infection, bleeding, and disfigurement.

In addition to these symptoms, dysfunction and cosmetic
problems significantly reduce the patient’s quality of life
(QolL} throughout their lifetime. Giant lesions of VM and
KTS often cause localized intravascular coagulopathy (LIC),
consuming a large amount of coagulation factors in the lesion
and forming thrombus. Thrombus in the lesion induces acute
or chronic inflammation that causes pain and swelling, and
worsens LIC gradually developing fibrosis.

The primary treatments of VM and KTS include surgical
resection, sclerotherapy/embolization, and laser therapy ™'
As most of them are invasive and there are many patients who
are not applicable to any of these primary treatment options,
there are significant clinical needs for pharmacotherapies.
Recently, rapamycin (sirolimus) and alpelisib showed clini-
cal efficacy in patients with VM and KTS in small cohorts.*™

Empirically, the lesions do not resolve spontancously and
most patients with VM and KTS experience a slowly pro-
gressive disease course.'” However, there are no prospective
or retrospective studies on the natural history of VM and KTS
that quantitatively evaluated the lesion volume and other
clinical measures. To develop novel drug candidates for the
diseases, it is important to identify the clinical measures to
serve as endpoints for clinical trials and to obtain benchmarks
to guide designing clinical trials to assess safety and efficacy
of novel drug candidates for the diseases. Therefore, the

multicenter prospective study was conducted to observe the
natural course of the patients for 6 months, in which data
were obtained on objective measures such as the change in
lesion volume and performance status (PS) judged by phy-
sicians, as well as subjective symptoms such as pain and QoL
of the patients.

Methods

The study was conducted in accordance with the study
protocol and the Declaration of Helsinki. The study protocol,
amendments, and subject-informed consent were approved
by the Osaka National Hospital Institutional Review Boards
before initiating the study. In addition, signed informed
consent was obtained either from participants (age 220),
participants and their parent/guardian (20 > age 216), or
participants’ parent/guardian (age <16). Children 7-15 years
of age provided written informed assent. The study was
registered under UMINOOOO47330,

Study design

This is a multicenter prospective observational study of
patients with VM and KTS.

At the screening period, the demographics, clinical fea-
tures, and medical history were collected as patient back-
ground information. As a primary endpoint, the change in
lesion volume from baseline was evaluated by magnetic
resonance ( MR) imaging. In addition, disease severities, PS,
a history of local infection, pain visual analog scale (VAS)
score, QoL., and biomarkers (D-dimer, platelet count, and
fibrinogen) were obtained at baseline and day 180. The dis-
case severity and PS were examined by the physicians
while VAS and QoL were scored by either patients or
parents/guardians. The disease severity was assessed as Grades
1-5 for the cosmetic and functional aspects of each part of the
body and other clinical aspects (bleeding, infection, skin ulcer,
and coagulation abnormalities) according to “Hemangioma
and Vascular Malformation Severity Classification™ created by
the research group supported by the Japanese Ministry of
Health, Labor, and Welfare (https://mhlw-grants.niph.go.jp/
system/files/2012/123151/201231160A _upload/201231160A
0005.pdf).

PS was evaluated by using either Lansky play-
performance scale (<17 years old)"' or Kamofsky perfor-
mance scale (17 years and older). For QoL, the following
questionnaires  were used: Pediatric  Quality-of-Life
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Inventory (PedsQL) infant scale (0—24 months),'>"? PedsQL
Generic core scale (2—4 years, parent proxy report; 4-24
years, gau‘snt repor)’ U7 and SF-36v2 (26 years and
older).!® 20

Subjects

Eligible patients were VM and KT'S patients with symp-
toms, such as pain, inflammation (recurrent cellulitis),
bleeding and disfigurement, and refractory disease (poor re-
sponse to or recurrence after standard of care). Eligible pa-
tients also had MR images available and had not received any
invasive treatment, including sclerotherapy or resection sur-
gery and participated in any clinical trials within 12 weeks at
obtaining consent. Once enrolled, MR mmages of the target
lesion were assessed if the lesion volume was measurable.
Patients with at least one measurable lesion were formally
registered to this study and followed for 6 months.

MR volumetry

All MR studies were performed on a 3.0-T or 1.5-T unit.
Axial Tl-weighted, fat-saturated (FS) T2-weighted and cor-
onal short tau inversion recover MR images were obtained.
The entire lesion volumnes were extracted slice by slice from
axial FS-T2-weighted MR images by twe board-certified
radiolegists of the Japanese College of Radiolegy indepen-
dently using three-dimension volumetric segmentation func-
tion in OsiriX MD (Pixmeo, Inc., Switzerland). The average
value of the results of them was adopted.

Statistical analyses

The data were summarized by total population and by di-
agnosis using descriptive statistics. Lesion volumes were log-
transformed, and changes in lesion velume between basehne
and day 180 were examined by total population and by di-
agnosis with paired #tests. Changes in lesion velume strati-
fied by history of infection were also examined. To explore
the factors influencing the change in lesion velume, simple
regression  analyses were performed using the log-
transformed change rate as the objective variable and de-
mographics, disease characteristics, and other characteristics
as explanatory variables. Multiple regression analysis was
also performed using factors with p values smaller than 0.2,
The associations between changes in lesion volume and
changes in VAS scere and fibrinogen were evaluated by
correlation coefficients. All p values are two-sided and not
adjusted for multiple testing. p-Values of <0.05 are consid-
ered to be statistically significant. Statistical analyses were
conducted with the use of R software, version 4.1.1.

Results

The study was open to accrual from March 2019 through
April 2021 and enrclled 44 patients (Fig. 1). Nine patients
(1 VM and 8 KTS) were discontmued before formal regis-
tratien. Ameng them, five patients had predeminant vascular
dilation without mass formation and the MR veolumetry could
not be performed. Thirty-five patients completed 6 months of
follow-up without any invasive treatment. One patient was
excluded since her diagnosis was deterrnined neither as VM

Screened n=44
VM n=18
KTS n=25
Missing data™ n=1
Screening failure n=9
VM n=1
KTS n=8
Formally registered n=35
vMm n=17
KTS n=17
Missing data™ n=1
Completed n=35
VM n=17
KTS n=17
Missing data’™ n=1

FIG. 1. Subject disposition. The subjects who have a measurable lesion were formally registered and followed for 6
months. 7 is a number of subjects in each category. *'Missing data are the case in which VM was selected at the time of
obtaining consent, but after the observation period, it was determined that the diagnosis was neither VM nor KTS. The case
was removed from the full analysis set. KTS, Klippel-Trenaunay Syndrome; VM, venous malformation.
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nor KTS after the completion of the study. All KTS patients
registered fulfilled the KTS diagnosis criteria, confirming the
exclusion of CLOVES syndrome. Therefore, 34 patients
(17 VM and 17 KTS, 1-53 years; median age 15.9 years)
were evaluated in this study. Patient demographics and
baseline characteristics are listed in Supplementary Table S1
and summarized in Table 1. All KTS patients in this study
had lesions in the lower extremities. Thirteen patients (38%)
used lgesics, and 22 (65%) had a history of
sclerotherapy and/or resection surgery.

The target lesion volume was measured at baseline and
day 180 in each patient (Fig. 2 and Supplementary
Table S1). The mean lesion volumes at baseline were
1347 7em® (range 294.8-10,009.1¢cm®) and 455.7cm®
(range, 11.2-4469.3 cm®) in patients with KTS and VM,
respectively (Table 2). The mean change rates from
baseline at day 180 were 1.08 (KTS), 1.04 (VM), and 1.06
(total), and there were no statistically significant changes
between values at baseline and day 180. Simple regression
analyses using demographic variables and discase char-
acteristics demonstrated that there were no baseline and
disease characteristics significantly affecting the change
rate in lesion volume (Table 3). When patients were cat-
egorized by a history of infection, there was a statistically

FUJINO ET AL.

significant increase in lesion volume in patients who had
infections within 180 days before registration and during
the observation period, although the sample size was very
small (n=23) (Table 4).

Three patients showed changes in severity (cosmetic), two
patients showed improvement by one grade (grade 5—4) and
one showed worsening by one grade (grade 3—=4). Only one
showed a change in severity (function and others), which is
worsening in the infection by 2 grades (not applicable to
grade 2). The mean values of Lansky play performance scale
and Kamofsky performance scale at baseline are 82.5 (range
60-100) and 83.6 (range 60-90), respectively (Table 5). Two
KTS patients showed improvement from 70 to 90 and from
60 to 80 and one KTS patient showed worsening from 100 to
90. However, there were no VM patients with any changes in
PS over 6 months in this study. Regarding a history of in-
fection, 11 KTS patients (64.7% of KTS) had local infection
180 days before the registration and/or during the observation
period. There were no VM patients who had a history of
infection in the study. There were no significant changes in
the pain VAS score observed between the baseline and day
180. Overall, there were no significant changes in severity,
PS, and a history of infection and pain VAS score at day 180
from baseline.

TABLE 1. PATIENTS DEMOGRAPHICS AND BASELINE CHARACTERISTICS

KTS (n=17) VM (n=17} Total (n=34)
Sex Female 14 (82.4%) 9 (52.9%) 23 (67.6%)
Age Median 10.1 17.9 159
Height (cm) Mean (SD) 123.9 (32.1) 151.7 (18.1) 137.8 (29.3)
Weight (kg) Mean (SD} 35.4(27.8) 50.4 (16.6) 42.9 (23.8)
Site of lesions
Head and/or neck 0 (0.0%) 5 (29.4%) 5(14.7%)
Hand 0 (0.0%) 1 {5.9%) 1 (2.9%)
Trunk 0 (0.0%) 1 (5.9%) 1 (2.9%)
Thigh 0 (0.0%) 1 (5.9%) 1(2.9%)
Lower leg 1 (5.9%) 2 (11.8%) 3 (B.8%)
Thigh and lower leg 6 (35.3%) 5 (29.4%) 11 (32.4%)
Trunk, thigh, and lower leg 9 (52.9%) 2 (11.8%) 11 (32.4%)
Thigh and knee 1(5.9%) 0 (0.0%) 1(2.9%)
Lesion volume (cm™)
Mean (SD) 1805.7 (2333.8) 455.5 (1084.4) 1130.6 (1918.5)
Genetic testing
Yes 1 (5.9%) 0(0.0%) 1(2.9%)
Concomitant therapy
Yes T (41.2%) 3(17.6%) 10 (29.4%)
Antibiotics 4 (23.5%) 0 (0.0%) 4 (11.8%)
Chinese medicine 3(17.6%) 0(0.0%) 3 (8.8%)
Agspirin 1 (5.9%) 1 (5.9%) 2 (5.9%)
Warfarin 1 (5.9%) 0 (0.0%) 1(2.9%)
Other 1(5.9%) 2 (11.8%) 3 (8.8%)
Use of analgesic
Yes 6 (35.3%) T (41.2%) 13 (38.2%)
History of sclerotherapy
Yes 5 (29.4%) 11 (64.7%) 16 (47.1%)
History of resection surgery
Yes 8 (47.1%) 2 (11.8%) 10 (29.4%)
Use of compression stocking
7 (41.2%) 7 (41.2%) 14 (41.2%)

KTS, Klippel-Trenaunay Syndrome; 8D, standard deviation; VM, venous malformation.
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FIG.2. MR velumetry. (A-D) Examples of the MR volumetry of the target lesion (A, C) and the MR images of the same
patients (B, D). Patient #4 was a 7-year-old girl with KTS on her lefz thigh (A, C). Patient #20 was an 11-year-cld girl with
VM on her righe face (B, D). (E) Target lesion volumes of each patient at baseline and day 180. MR, magnetic resonance.
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TABLE 2. MAGNETIC RESONANCE VOLUMETRY
Lesion volume (cm’) KTS (n=17) VM (n=17) Total (n=34)
Baseline Mean (SD) 1805.66 (2333.82) 455.50 (1084.43) 1130.58 (1918.48)
Day 180 Mean (SD) 1999.87 (2782.73) 407.69 (934.36) 1203.78 (2197.89)
Change rate Mean (S} 1.08 {0.36) 1.04 (0.18) 1.06 {0.28)
p-value 0.6343 0.4564 0.4418

On the other hand, when analyzed by diagnosis, patients
with VM showed statistically significant improvement in
pain VAS score (p=0.043) and the mean change was
—9.2+ 18 mm. However, there was no correlation between
the changes in pain VAS score and the change in rate in lesion
volume (Supplementary Table S2).

D-dimer, platelet count, and fibrinogen were also exam-
ined as biomarkers (Table 5). Seventeen patients (8 VM and 9
KTS) showed D-dimer with = 1.0 gg/mL, 17 patients (5 VM
and 12 KTS) showed platelet count with <120 107, and 5
patients (2 VM and 3 KTS) showed fibrinogen with
<150mg/dl. at bascline. KTS patients showed higher
D-dimer levels compared with VM patients. There were no
statistically significant changes In D-dimer, and platelet
count over 6 months within all patients analyzed. Fibrinogen
levels exhibited a statistically significant increase in patients
with KTS, but not in patients with VM. The mean fibrinogen
levels of patients with KTS increased 1.2-fold {p=0.007)
compared with baseline. However, the changes in most cases
are within the normal range and there was only one patient
whose fibrinogen level showed clinically meaningful im-
provement. The baseline as well as the change rate in the
lesion volume did not exhibit any correlation with those in
fibrinogen (Supplementary Table 52).

Twenty-five patients reported with PedsQL Generic Core
Scale and eight patients reported with SF-36v2 (Table 6). Be-
cause there is only one patient who reported with PedsQL. in-
fant scale, the statistical analyses was not conducted with the

data. There were no statistically significant changes in total
score and subscales of patient report outcome with PedsQL
Generic core scales and in each item of SF-36v2 over 6 months.
In addition, analysis on the relationships between patients’ self-
reported QoL scores at baseline and either patients” background
or study endpoints at baseline demonstrated that patient-
reported QoL total scores were negatively associated to the
lesion site at pelvis, the presence of concomitant therapy, the
lesion volume, disease severity (cosmetic [trunk/reproductive
organ and thigh], function and others [lower leg and foot, thigh,
bleeding, infection, and intractable skin ulcer], pain VAS score,
and Lansky PS (Supplementary Table S3).

Discussion

This study was a multicenter prospective observational study
designed to obtain the natural history of intractable VM and
KTS, and ultimately to guide clinical study design for novel
drug candidates in patients with VM and KTS. Median subject
age was 15.9 vears, which ranged from 1.1 to 53.2 years, which
is comparable with subjects’ age of previously reported clinical
trials that recruited patients with similar diseases.” All measures
were collected as scheduled without significant technical
challenges, except a few cases outside the allowance.

There were no statistically significant changes between
lesion volume at baseline and day 180 (Table 2), and there
were no baseline and disease characteristics significantly
affecting the change rate in lesion volume (Supplementary

TasLe 3. Facrors AFFECTING THE CHANGE IN RATE 1N LEsion VorLumMme (ToTtaL)

Univariate regression analysis

Multivariate regression analysis

FAS (n=234)
Factors B SE P il SE ]
Demographics

Sex (male) —0.0526 0.0893 0.5596

Age =0.0013 0.0031 0.6708

Change of height (day 180-baseline) 0.0162 0.0179 0.3743

Change of weight (day 180-baseline) 0.0065 0.0204 0.7526

Disease characteristics

Lesions (above waist) 0.0531 0.0986 0.5941

Lesion volume at baseline

Other characteristics
Concomitant therapy (yes)
Analgesic (yes)

Sclerotherapy (yes)

Compression stocking (yes)
History of infection (ves)

=0.0106 0.0249 0.6741

=0.1133 0.0900 0.2169
—0.0452 0.0861 0.6030
—0.0330 0.0839 0.6966
Resection surgery (yes) 01413 0.0887 01211 0.1211

=0.1444 0.0814 0.0857 0.1280 0.0812 0.1251
—0.0490 0.0894 0.5874

0.0877 0.1773

Lesions were divided into those above the waist (nght and left head, neck, chest, abdomen, upper arm, forearm, and others [above the
waist]) and those below the waist {(right and left pelvis, thigh, lower leg, and others [below waist]).
Univariate and multivariate regression analyses were performed with log (change rate) as the objective varable.

Lesion volumes were log-transformed.
FAS, full analysis set; SE, standard error,
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TABLE 4. CHANGE IN RATE IN LESION VOLUME BY A HISTORY OF INFECTION

History of infection

180 days before registration
Observation period

n
Baseline
Mean (S 653.87 (1032.02)
Day 180
Mean (5I)) 676.47 (1034.85)
Change rate
Mean (SD) 1.07 (0.23)
p-value 0.2515

No
Yes
3
5347.74 (4351.42)
5872.47 (5559.91)

1.04 (0.17)
0.7755

Yes
No
5
690.28 (340.09)
636.45 (334.52)

1.00 (0.56)
0.6543

Yes
Yes
B

1302.04 (168.40)
1490.02 (162.06)

1.15 (0.05)
0.0321

TABLE 5. PERFORMANCE STATUS, A HISTORY OF INFECTION, PAIN VISUAL ANALOG SCALE SCORE, AND BIOMARKERS

Lansky Play-Performance Scale (<17 years old) KT8 (n=12) VM (n=8&) Total (n=20})
Baseline Mean (SD) 825 (12.2) 82,5 (14.9) 825 (12.9)
Day 180 Mean (5D} 83.3 (10.7) 82,5 (14.9) 83.0(12.2)
Kamofsky PS (=17 years old) KT8 (n=135) VM (n=9) Total (n=14)
Baseline Mean (SD} 80.0 (12.2) 85.6 (10.1) 83.6 (10.8)
Day 180 Mean (S} §4.0 (5.5) 85.6 (10.1) 85.0 (8.5)
Neo. of patients with infection (%) KTS (n=17}) VM (n=17) Total (n=34)
180 days before registration 8 (47.1%) 0 (0.0%) 8 (23.5%)
Observation period (180 days) 3 (17.6%) 0{0.0%) 3 (B.8%)
Pain VAS score KTS VM Toral
Baseline N 15 16 31
Mean (5D} 41.7 (24.1) 29.2 (26.5) 353 (257
Day 180 N 15 17 32
Mean (SD} 38.7 (29.9) 206 (25.7)* 29.1 (28.8)
D-dimer (ugiml.) KTS VM Toral
Baseline N 12 17 29
Mean (5D} 14.52 (15.31) 5.87 (12.78) 945 (14.29)
Day 180 N 15 17 32
Mean (S 14.34 (17.54) 441 (7.5 9.06 (13.90)
Platelet count (107 ful.) KTS VM Toral

Baseline N
Mean (S}
Day 180 N

15
232.13 (60.61)
16

17
25741 (61.89)
17

32
245.56 (61.65)

33
252.61 (61.05)

Mean (SD)} 253.06 (37.66) 252.18 (65.85)
Fibrinogen (mg/dl) KTS VM Toral
Baseline N 13 17 30

Mean (5D} 210.31 (94.12) 228.94 (63.05) 220.87 (77.12)
Day 180 N 16 17 33

Mean (SD} 262.19 (88.54)%* 232.00 (66.04) 246.64 (78.04)*

* and ** indicate p-values (baseline vs. day 180); *p<0.05;
PS5, performance status; VAS, visual analog scale.

#4p 20,01,
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TABLE 6. QUALITY OF LIFE
PedsQl. Generic Core Scale KT8 VM Total
n Baseline 13 10 23
Day 180 13 12 25
Total score Baseline Mean (SD)  79.08 (18.30) 88.04 (12.07) 8298 (16.21)
Day 180 Mean (SD}  79.38 (16.96) 89.92 (12.50) 84.44 (15.63)
Physical functioning Baseline Mean (SD) 7043 (24.76) 86.88 (17.10) 77.58 (22.88)
Day 180 Mean (SD) 71.88 (22.75) 91.67 (15.84) 81.38 (21.81)
Emotional functioning Baseline Mean (SD) 86.15 (18.27) 94.50 (5.50)  89.78 (14.58)
Day 180 Mean (SD} 8731 (12.52) 90.00 (14.92) 88.60 (13.50)
Social functioning Baseline Mean (SD) 84.23 (19.77) 91.50(13.95) 87.39 (17.51)
Day 180 Mean (SD) 8346 (18.53) 93.75 (10.90) 88.40 (15.92)
School functioning Baseline n 12 10 22
Mean (SD) 77.50 (26.22) 80.00 (15.46) 78.64 (21.55)
Day 180 n 13 11 24
Mean (SD) 78.33 (21.22) 81.82 (19.40) 79.93 (20.05)
SF-36v2 KIS (n=3) VM =5 Total (n=8)
Physical component summary Baseline Mean (SD) 21.17 (10.37) 34.83 (19.05) 29.71 (16.97)
Day 180 Mean (SD} 26,00 (14.75)  44.23 (20.80) 37.39 (19.96)
Mental component summary Baseline Mean (SD) 3935 (1.85)  46.85(4.24) 44.4 (5.13)
Day 180 Mean (SD) 44.99 (6.10)  38.52 (11.53) 40.94 (9.89)
Role component summary Baseline Mean (SD) 25.55 (16.47) 46.78 (20.21) 38.82 (20.77)
Day 180 Mean (SD}  30.28 (17.75) 44.19 (18.95) 38.97 (18.63)
Physical functioning Baseline Mean (SD)y  8.51 (16.28) 36.18 (26.63) 25.81 (26.21)
Day 180 Mean (SD) 1934 (21.15) 37.63 (24.30) 30.77 (23.55)
Role physical Baseline Mean (SD} 1474 (11.67) 37.11 (22.24) 28.72 (21.35)
Day 180 Mean (SD) 2249 (14.49) 43.09 (21.20) 35.37 (20.75)
Bodily pain Baseline Mean (SD} 32,69 (6.87)  44.03 (10.87) 39.78 (10.75)
Day 180 Mean (SD) 32.54 (246)  47.69 (16.52) 42.01 (14.80)
General health Baseline Mean (SD) 28.02 (6.15)  38.00(12.36) 3426 (11.17)
Day 180 Mean (SD} 3495 (9.17)  38.22(12.54) 36.99 (10.81)
Vitality Baseline Mean (SD) 2521 (6.68)  37.63 (14.96) 32.97 (1349)
Day 180 Mean (SD) 33.78 (11.58) 32.49 (16.15) 32.97 (13.71)
Social functioning Baseline Mean (SD) 16.22 (9.84)  44.13 (18.78) 33.67 (20.93)
Day 180 Mean (SD}  29.10 (9.84)  38.98 (19.54) 35.28 (1649)
Role emotional Baseline Mean (SD} 2832 (20.96) 41.92 (20.52) 36.82 (20.39)
Day 180 Mean (SD) 28.32 (16.83) 40.25 (21.71) 35.78 (19.71)
Mental health Baseline Mean (SD)  31.25 (6.20)  50.75 (9.02)  43.43 (12.62)
Day 180 Mean (SD) 37.51 (10.85) 40.55 (17.54) 39.41 (14.56)

For PedsQL Generic Core Scale, patients 2-4 vears of age used parent proxy-reports, and patients 5-25 years of age used patient self-

reporis.

Sample size of the total score. physical functioning, emotional functioning, and social functioning.

PedsQL, Pediatric Quality-of-Life Inventory.

Table S1), suggesting that, at least within the 6-month period,
significant disease deterioration did not occur regardless of
baseline characteristics,

However, there was a significant increase in lesion volume
in patients who had infections both within 180 days before
formal registration and during the observation period
(Table 4). One patient (patient #3) showed 1.96-fold increase
in the target lesion. The patient had an infection during 180
days before the registration but did not show a sign of infection
during the observation period besides an acute swelling of the
hip in the same side as the target lesion. The hip swelling might
be caused by intralesional hemorrhage, which potentially af-
fected the target lesion volume. In addition, a resection surgery
was performed 9 months before the registration and the ob-
servation period overlapped with the time when the postop-
erative compression was released. This also explains the
increase of the target lesion volume in this patient.

On the other hand, there were four patients (11.8%, three
KTS and one VM) who showed >20% lesion volume re-
duction in 6 months” observation period. Among them, two
KTS patients (patient #9 and #10) with 31.9% or 41.9% re-
duction had the episode of cellulitis within a week before
taking MR images at the baseline. The other KTS patients
(patient #7) who showed 20.3% reduction had cellulitis 2
months before taking MR images at haseline. The VM pa-
tients (patient #8) with 24.8% reduction had large lesions
(1390.75cm” at baseline) and had been using compression
stocking, which might affect the lesion volume. In the pre-
vious clinical trials for vascular anomalies™*' and for PROS,
>20% lesion volume reduction was used as the efficacy cri-
teria. Therefore, it is important to remove potential causes
unrelated to an intervention with the investigational drug
candidate, which largely affect the lesion volume such as
infection episodes and swelling when designing a clinical
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NATURAL HISTORY STUDY OF VM AND KTS

trial. For example, if an infection occurs in a patient before
the magnetic resonance image scan, the scan should be
postponed.

There were no significant changes in severity, PS, a history
of infections, and pain VAS score between baseline and day
180, suggesting at least within 6 months that the measures are
stable and do not exhibit a significant improvement or
waorsening. For the pain VAS score, there were seven patients
(five VM and two KTS) whose pain VAS score were <5 mm
at baseline and six of them maintained the score <5 mm at day
180. Among them, three patients reported no pain (0mm)
both at baseline and day 180, suggesting that not all the pa-
tients have pain. When analyzed by diagnosis, there was a
statistically significant improvement only in VM patients
(—9.2 4 18.2 mm, mean +standard deviation), but not in KTS
patients. It was reported that ~ 13 mm difference on VAS
represented the minimum clinically significant change in
pain in adults® and that 10mm difference in VAS re-
presented that in children.” Therefore, —9.2mm mean
change in pain VAS observed in this study might be marginal.
There was no correlation between changes in VAS and
change in rate in lesion volume.

In addition, there was also no correlation between pain
VAS score and the lesion volume at baseline, suggesting that
pain and lesion volume are independent indicators for the
diseases.

Since lesions of VM and KTS could cause LIC, the levels
of D-dimer, platelet count, and fibrinogen were investigated.
Twenty-five patients (74%, 11 VM and 14 KTS) showed at
least one abnormal value either with D-dimer, platelet count,
or fibrinogen, suggesting indeed many patients showed coa-
gulopathy. There was a statistically significant increase in
fibrinogen level between baseline and day 180, but in most
cases, the changes are within the normal range and were
suggested not to be clinically meaningful. In addition, there
was no correlation between those changes and the change in
rate in lesion volume (Supplementary Table S2).

Analysis on the relationships between Qol. scores and
either patients” background or study endpoints suggested the
close relationships between QoL and the measures, such as
the size of lesion, PS, severity, and pain. The mean total QoL
score and scores of all subscales of PedsQL at baselines in
this study were higher than those in the Japanese general
papulation.™* QoL was assessed in a clinical trial evaluating
efficacy and safety of sirolimus in patients with complicated
vascular anomalies.” In the study, improvement of self-report
PedsQL. by >4.4 or proxy-report PedsQL by >4.5 compared
with baseline was defined as partial remission (PR). Ac-
cording to the criteria, 8 patients out of 24 patients (33.3%)
who had PedsQL were judged as PR in this natural history
study (data not shown). Regular visit to the physicians and
asse of their di may itself have positive impact
on patients” QoL.

Conclusions

Our results showed the representative natural history of
VM and KTS for a 6-month period, in which there was no
clinically meaningful improvement or deterioration of the
discase status, by evaluation of objective change of lesion
volume and other factors. The lesion volume, which was
consistently quantified in the study, was largely impacted by

9

local infection of the lesions, The results suggest that eval-
uation of change in lesion volume can be used as an objective
endpoint for a clinical trial and that it is scientifically rea-
sonable to conduct a clinical trial such as Phase 2 proof-of-
concept study without a placebo arm, using the results of this
study as the control. The future phase 2 study can be de-
signed, having the inclusion and exclusion criteria, and effi-
cacy endpoints that are guided by this study.
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ARTICLE INFO BSTRACT

Keywords: Background: Cellulitis is a common complication of cystic lymphatic malformations (cLM) and Klippel—
Cellulitis Trenaunay syndrome (KT8). Cellulitis in the pediatric population requires hospitalization and reduces a paticnts’
Seasonality

quality of life. This study aimed to clarify the scasonality and characteristics of ecllulitis in patients with ¢LM and
KIS,

Methods: We retrospectively reviewed the clinical records of patients with ¢LM and K1'S who were admitted for
cellulitis between January 2014 and December 2021.

Resudts: One hundred and seventeen hospitalizations of 33 patients with cellulitis were examined. There were 80
and 37 hospitalizations for cLM and KTS oatients, respectively. The number and percentage of hospitalizations in
spring, summer, autumn, and winter were 26 (22.2%), 43 (36.8%), 19 (16.2%), and 29 (24.8%), respectively,
showing a significantly different frequency (P = 0.018). The number of hospitalization days per season was not
significantly different between the scasons (P = 0.335). Scasonality and hospitalization duration did not differ
significantly between the ¢LM and KT'S groups. Of the 117 hospitalized cascs, only 5 (4.3%) had positive blood
cultures. The number of hospitalizations remarkably correlated with temperature and humidity from April to

Cystic lymphatic malformation
Klippel-Trenaunay syndrome

November.

Conelusions: Cellulitis associated with lymphatic malformaltions, such as ¢LM and K18, occurs more (requently in
the summer. Patients should take precauntions to prevent their lesions from progressing to cellulitis, particularly
in summer.

Levels of evidence: Level III

Introduction

Cellulitis is a local bacterial infection of the skin or subcutaneous soft
tissue that causes discomfort, redness, swelling, and heat [1-3]. Ac-
cording to a 2006 report, the incidence of cellulitis in the United States is
approximately 2500 cases per 100,000 person-years, with the highest
incidence recorded among middle-aged men and older adults [4].

Cystic lymphatic malformation (cLM), formerly known as lym-
phangioma, is a congenital vascular malformation that consists of cystic
or dilated lymphatic channels. Klippel-Trenaunay syndrome (KTS) is
characterized by soft tissue hypertrophy of the extremities with

combined vascular and lymphatic malformations. Cellulitis often oceurs
in superficial and soft tissue vascular malformations, such as ¢cLM and
KTS. Cellulitis has been reported to occur in 22% of patients with KTS
[5], and recurrent cellulitis or more severe life-threatening infections
can occur because of bacterial entry through cutaneous vesicles in cLM
[6]. Cellulitis causes pain, fever, and severe general malaise, with the
risk of inducing systemic shock. Hospitalization is often required, which
significantly reduces patients’ quality of life.

It is generally known that cellulitis is more common in summer [3],
but it has not been reported whether the same is true for patients with
underlying diseases such as ¢LM or KTS. As cellulitis is difficult to

Abbreviations: ¢LM, cystic lymphatic malformaticns; IQR, interquartile range; KTS, Klippel-Trenaunay syndrome; SSSI, skin and skin structure infection.
* Previous communication: An abstract of this study was presented at the 59th Annual Meeting of the Japanese Society of Pediatric Surgery (2022) in Japanese.
* Corresponding author at: Division of Pediatric Surgery, Department of Surgical Specialties, National Center for Child Health and Development, 2-10-1 Okura,

Setagaya-Ku, Tokyo, 157-8535, Japan.
E mail address: fujino-a@nechd 2o ip (A Fujine).
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prevent and its direct cause is generally challenging to detect, it is
necessary to fully elucidate the characteristics of cellulitis in patients
with eLM and KTS. In this study, we reviewed the seasonality of cLM and
KTS cases of cellulitis in our hospital. Based on these results, we aimed
identify methods to prevent the development of cellulitis in these
patients,

Materials and methods

This was a retrospective observational study. We retrospectively
reviewed the clinical records from the National Center for Child Health
and Development. Data of patients diagnosed with cLM or KTS were
exmracted from clinical records, and their hospitalizations due to di-
lulitis b January 2014 and December 2021 were
reviewed, Patients with cellulitis with ¥ ic symp that
resolved without requiring hospitalization for intravenous antibiotic
treatment were excluded from the study. Patient characteristics, blood
culture results, antibiotics used, month (season) of the first day of hos-
pitalization, and number of days of hospitalization were examined for all
hospitalizations. The 12 months were divided into four seasons: spring
(March-May), summer (June-August), autumn (September-No-
vember), and winter (December-February). The monthly average tem-
perature, humidity, and other climartie factors in Tokyo from 1991 to
2020 were downloaded from the Japan Meteorological Agency database
[7], and the average temperature and humidity were calculated for the
30-year period. EZR version 1.54 in R (The R Foundation for Statistical
Computing, Vienna, Austria) was used for statistical analysis. Data are
presented as number (percentage) or median (interquartile range
[IQR]). Hospitalization seasonality and days were analyzed using the
chi-square test of likelihood ratios, Mann-Whitmey U test, and Krus
kal-Wallis test. The correlation between cellulitis and meteorological
data was analyzed using Pearson’s correlation test. A two-sided P<0.05
was considered statistically significant.

This study was approved by the institutional review board of the
Mational Center for Child Health and Development (Project No.
2021-208), All enrollment and clinical records were anonymized, and
informed consent was obtained on an opt-out basis.

agnoses of

Results

Demographic data

The total numbers of patients with ¢LM and KTS teated in our
hospital during the study period were 442 and 49, respectively. The total
number of hospitalizations for cellulitis in these patients was 117,
Twenty-six patients with cLM had 80 hospitalizations (group L), and 7
with KTS had 37 hospializations (group K). Of the 33 padems, 5
received only surgical treatment, 6 received only sclerotherapy, 12
received both treatments, 1 had no tweatnent follow-up, and 9 were
unknown. Regardless of the weatment, the weated patents developed
cellulitis only before reatment, both before and after reatment, or only
after reatment. The median age (IQR) and number of days of hospi
talization were 6 (2, 9) years and 10 (8, 16) days for the ¢LM and KTS
groups, respectively. Among the 117 hospitalizations, 93 (79.5%) pa
tients were female, and 24 (20.5%) were male, with a female predom-
inance. The number of cellulitis lesions on the head and neck, upper
extremity, trunk and hip, and lower exoremity was 48 (41.09%), B (6.9%),
15 (12.8%), and 46 (39.3%), respectively. The background and char
acteristics of the patients with cellulitis are shown in Table 1, and the
comparison between groups L and K with cellulitis is summarized in
Table 2, No statistical findings were found for specific ages or sites of
Iymphatic malformations predisposed to developing cellulitis.

Q lity of I iolization with celbilith

The number of patients hospitalized each month is shown in Table 1,
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Table 1
Patient demographics and cellulitis incidence.

N of hospitalizations (n of paticnts) 117 (33)

Age [years, median (1Q1)] 6.0 (2.0, 9.0)

Hospitalization days [median {IQR)] 10.0 (£.0, 16.0)

Month (%) Jan 9 (7.7
Feb 10 (5.6)
Mar 12 (10.3)
Apc 6(5.1)
May § (6.8)
Jun 13 (11.1)
Jul 15 (12.8)
Aug 15 (12.8)
Sep 8 (6.8)
et 6 (5.1)
Hov 5(4.3)
Dec 10 (8.6)

Season (%) Spring 26 (22.2)
Summer 43 (36.8)
Antumn 19 (16.2)
Winter 29 (24.8)

Sex (%) Male 24 (20.5)
Femal e 93 (79.5)

Lesion site (%) Hend & neck 48 (41.0)
Upper extremity & (6.9)
Trunk & hip 15 (12.8)
Lower extremity A6 (39.3)

Blood cultare (%) Hegative 112 (95.7)
Positive 5 (4.3)°

IQR: interquartile range; M, n: number,
* Three of the five cases were likely contaminated.

Table 2
Comparison between LM (Group L) and KTS (Group K) patients with cell
Group L Group K P
N of hospitalizations (n of 80 (26) a7 (7)
jpatients)
Age [years, median (I0R)] 6.0 (3.0, 40 (1.0, 0.065
10.0) £.0)
Hospitalization days [median 11.5(8.0, 9.0(8.0, 0,098
(ORI 17.0) 11.0)
Season (%) Speing 17 (21.2) 9 (24.9) 0,55
Summer 29 (36.3) 14 (37.9)
Autumn  12{15.0) 7(18.9)
Winter 22 (27.5) 7(18.9)
Sex (%) Male 23 (26.7) 127) 0.001
Fernale 57 (71.3) 36 (97.3)
Blood cultare (%) Positive  3(3.8) 2(5.4) 0,688

cLM, cystic lymphatic malformation; KTS, Klippel-Trenaunay syndrome; IQR:
interquartile range.

The number and percentage of hospitalizations in the spring, summer,
autumn, and winter were 26 (22,2%), 43 (36.8%), 19 (16.2%), and 29
(24.8%), respectively. The number of hospitalizations per season
differed significantly (P = 0.018) (Fig. 1). This trend was also true for the
seasonality of the first onset of cellulitis in all 33 patients, with 9
(27.3%) in spring, 13 (39.4%) in summer, 4 (12.1%) in autumn, and 7

s P=0.018

@
a
£ £ =
- 19
B l
®
spring umemer

autamn winter
Fig. 1. Number of hospitalizations by season.

The number of hospitalizations per season is shown as a histogram. There was a
significant difference in the number of hospitalizations per season (P 0.018),
with summer having the highest number of hospializations,
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(21.2%) in winter. The number of hospitalizations in group L during
each of the four seasons were 17 (21.2%), 29 (36.3%), 12 (15.0%), and
22(27.5%), respectively; for group K, the number of hospitalizations per
season were 9 (24.39%), 14 (37.9%), 7 (18.99%), and 7 (18.9%), respec-
tively, The difference between the groups was not significant (P = 0.55)
(Table 2), One child had repeated eellulitis, with 34 infections in 7.5
years, of which 10 (29,4%) occurred during summer, Excluding this one
patient, 83 hospitalized cases were examined: 21 (25.3%) in spring, 33
(39.7%) in summer, 15 (18.1%) in fall, and 14 (16.9%) in winter,
showing no change in seasonal wends in the incidence of cellulitis.

Hospitelization days with cellulitis

The median number of days of hospitalization per season was 10.5
(8, 15), 9(8, 1.5), 10 (8.75, 15.25), and 13.5 (9, 17.25) days for spring,
sumimer, autumn, and winter, respectively, and the differences between
seasons were not significant (P = 0.335) (Fig. 2). The median number of
hospitalization days was 11.5 (8, 17} in group Land 9 (8, 11) in group K.
Mo significant difference was noted in the number of hospitalization
days between the two disease groups (P = 0.098) (Table 2, Fig. 3).

Positivity of blood culture in cellulitis

All patents involved in this study had blood cultures taken at the
time of hospitalization. Of the 115 cases, only 5 (4.3%) had positive
blood eultures (Table 1), Cases 1-3 were the same patients with cLM as
in cases 4 and 5 of KTS. Of the blood culture-positive cases, it is highly
likely that cases 1, 3, and 4 were contaminated. Patients with cellulitis
leading to bacteremia (cases 2 and 5) had longer hospitalization days
(86 and 28 days, respectively) than the IQR of each group [(8, 17) and
(8, 11) days for the cLM and KTS groups, respectively] (Table 2).

Comparison with meteorological dara

The relationship berween the number of hospitalizations and mete-
orological factors, namely, the monthly average temperature and hu-
midity (Fig. 4), showed that the number of hospitalizations increased
with higher temperatures and humidity and decreased with lower
temperatures and humidity. The correlations between the number of
hospitalizations and the average temperature and humidity were sig-
nificant from April to November, but not for the entire year. For

°
80 - P=0.335
60 -
F o o
3 o
=
2
8 @7 8
g o e :
20 -r = 2 .
I | : T T
o T T T T
spring summer autumn winter

Fig. 2. Comparison of hospitalization days by season.
There was no significant difference in the number of hospitalization days be-
tween seasons (P 0.335).

Global Padiawics 5 (2023) 100071

80 - P=0.098
i
g 40 &
§ — 8 .
£ . :
]
L ] i d

0 - T
group L

group K

Fig. 3. Comparison of hospitalization days between cLM and KTS,

There was no significant difference in the number of hospitalization days be-
wween the L (cLM) and K (KTS) groups (P 0.098), cLM, cystic lymphatic
malformations; KTS, Klippel-Trenaunay syndrome,

temperature and humidity, the correlation coefficient was 0.90 for
temperaiwre and 0.77 for humidity, with temperature being more
associated with the development of cellulitis than humidity.,

Discussion

Cellulitis is a well-known complication of cLM and KTS [5,6]. The
prevention of cellulitis is difficult, and the symptoms are often severe,
Tequiring in-h 1 antibiotic reducing the patients’ quality
of life. KTS and cLM are believed to be susceptible to cellulitis because
cystic lesions located in the superficial layers of the skin are prone w
chronic lymphatic leakage and bleeding on the skin surface, resulting in
superficial skin breakdown that provides an entry point for bacteria and
facilitating growth [5]. However, cellulitis is common even without a
bacterial entry site on the body surface. In cLM and KTS lesions, the
presence of pro and nutrient-rich lymphatic fluid congestion,
lymphatic dilation, and poor lymphatic cireulation may make the
environment particularly more susceptible to bacterial infection than
normal rissues 5],

Mo reports regarding the seasonality of cellulitis in lymphatic mal-
formations have been found; therefore, we aimed to fill this gap in the
literature, Our study showed a similar rend between the incidence of
cellulitis in patients with ¢LM and KTS and the incidence of general
cellulitis [ 2], Moreover, the incidence of cellulitis assoeiated with ¢LM
and KTS was significantly higher in summer (~40%) and the lowest in
autumn.

Some infections are seasonal, and several pediatric infections diag-

nosed in the United States show a seasonal pattern [9,10], Various types
of infections, such as gastrointestinal and respiratory infections, increase
in winter [11-15], while other infections, especially tick-borne in-

fections, peak in summer [ 16]. Although there are few reports regarding
the seasonality of the incidence of cellulitis, an increased incidence of
cellulitis or skin and soft tissue infections has been reported during the
SUIMIMer or warmer seasons [3,4,17,18],

Previous studies have reported that cellulitis is more likely to occur
during the summer months owing to the rise in temperature and the
corresponding increase in the host bacterial flora [2]. In climates with
higher temperatures and humidity, higher levels of bacteria may be
found at certain anatomical sites (e.g, skin) than in cooler and drier
climates [19]. The association between seasonality of temperate cli
mates and skin infections of various body parts, such as the fingers, toes
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(n,%c)
30
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Fig. 4. number of hospitalizations and logical factors in Tokyo,

“The number of hospitalizations per month is plotted against the average temperature (°C) and average humidity (%) in Tokyo throughout the year. From spring to
winter, the number of hospitalizations increased and decreased in temperature and humidity, respectively,

[ 2], upper and lower extremities [ 17,20,21 ], and general skin infections
[22], has been investigated in the literature. These studies concluded
that the overall peak incidence of cellulitis occurs in warmer climates,
consistent with our results, Other reasons may include difficulty main-
taining a clean enviromment due to perspiration and increased exposure
to minor rauma to the body surface due to activities with light clothing.
This creates an environment conducive to bacterial growth and path-
ways for entry, thus, increasing the risk of infection. Our results suggest
that the incidenee of cellulitis in patients with cLM and KTS is correlated
with temperatre and humidity in the Tokyo area, where our hospital is
located. In addition, there is a small peak in winter, suggesting that
excessive indoor heating and overuse of clothing may play a role in the
development of cellulitis rather than that lower temperawre and low
humidity do not prevent cellulitis,

Although cellulitis is more likely to oceur in LM and KTS [5], the
same mechanisms as in general cellulitis may be involved. No seasonal
difference was observed in the duration of hospitalization, suggesting no
relationship between the severity of cellulitis and the season of onser,
and antibiotic therapy was generally effective,

In children with uncomplicated cellulitis, the blood eulture-positive
rate is reported to be 2% and the contamination rate is 5.4% [23].
Cellulitis involving deep 1eous tissue or requiring surgery is
classified as complicated skin and skin structure infection (8881), and the
blood culture-positive rate is reported to be 23.6% [24]. Cellulitis
associated with cLM or KTS is classified as complicated S551; however,
the blood culture-positive rate was low in this study (1.7%), which may
be characteristic of cellulitis in cLM and KTS.

Preventing bacterial growth on the skin is a crucial measure against
cellulitis. As cellulitis is more likely to occur in summer [3,4,17,18],
sweat control by regulating body temperature and consciously avoiding
skin trauma to reduce bacterial entry sites are considered critical pre
ventive measures. Patients with eLM and KTS should take extra pre-
cautions to prevent their lesions from developing cellulitis, particularly
during summer.

This study had some limitations, This was a single-center study,
which limits the generalizability of the results, Moreover, only univar-
iate analysis was performed, and no adjustment for confounding factors
was performed. A prospective study is required to confirm our theory.

Conclusions

Cellulit: d with lymphatic malformations, cLM, and KT8, is
more likely to occur during the summer, The severity of cellulitis does
not differ between seasons, and sepsis associated with cellulitis is rare.
These patients must know that they are at a higher risk of cellulitis in the
summer and should take precautions to prevent their lesions from pro-
gressing to cellulitis in warmer climates,
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