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Background: Lymphatic malformations (LMs) are benign, congenital lesions that display considerable het-
erogeneity in terms of size, location and characteristics. This study aims to describe the long-term out-
comes of current management strategies for patients with simple (cystic) LMs.

Methods: The case records of all patients (age <16 years) with simple (cystic) LMs at our tertiary insti-
tution between 2008 and 2019 were assessed for clinical features, imaging and details of management,

Keywords: including complications.

Lymphatic malformation Results: Of a total of 164 patients (60% male), 66% were diagnosed aged <2 years. The median follow-up
Treatment was 5 (0.3-16) years from diagnosis. LMs were located in the head and neck (40%), extremities (27%),
gfllregr:rt;erapy trunk (23%), mediastinum (4%), or intra-abdominally (6%). Types were macrocystic in 47%, microcys-

tic in 21% and mixed in 32%. Sclerotherapy was the most common intervention (38%). Primary surgery
had been performed in 12%. Symptomatic improvement, reduction in size, or complete regression were
observed in 82/102 (80%) of LMs after interventions; complications from treatment were uncommon
(Clavien-Dindo grade I-II: 6%; grade IlI-Illd: 1%). Sixty-two patients (38%; median age 0.5 (range, 0-
12) years) had not required interventions to date; spontaneous regression of the LM occurred in 16 (26%)
of these expectantly followed-up cases.
Conclusions: Most studies to date have focused on LMs in selected anatomical locations. Herein the out-
comes of an entire population from a single tertiary unit of patients are presented, demonstrating the
wide heterogeneity of simple (cystic) LMs and highlighting the importance of individualized, multidisci-
plinary approaches to care in achieving optimal outcomes.
© 2022 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Spontaneous resolution

1. Introduction bers of lymphatic glands such as the axilla and groin [3]. LMs are
usually isolated but may also occur in association with other vas-
cular anomalies such as venous- or capillary anomalies, and rarely

as part of specific vascular anomaly syndromes [4]. Although LMs

Lymphatic malformations (LMs) are benign congenital vascu-
lar anomalies with an estimated incidence of 1:6000 to 1:16,000

[1]. The International Society for the Study of Vascular Anoma-
lies (ISSVA) classifies LMs into macrocystic, microcystic and mixed
macro- and microcystic malformations [2]. The most common sites
are in the head and neck region and where there are high num-

Abbreviations: AKT, Protein kinase B; EXIT, Ex-utero intrapartum treatment;
ISSVA, International Society for the Study of Vascular Anomalies; LM, Lym-
phatic malformation; mTOR, Mammalian target of rapamycin; OK-432, Picibanil®;
PI3K, Phosphatidylinositol-3-kinase; PIK3CA, Phosphatidylinositol-4,5-bisphospate-
3-kinase, catalytic subunit alpha.

* Corresponding author at: New Children’s Hospital, Department of Pediatric
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are congenital anomalies, some may only become apparent if they
grow or become symptomatic. Bleeding or infection of cysts may
cause painful enlargement of the LM, cosmetic or functional im-
pairment, and sometimes compression of vital structures such as
the airway. The main interventional options have included scle-
rotherapy, surgery, medical management, or a combination of these
[5]. Owing to the heterogeneity of LMs, management decisions
are often individualized based on the size, location, and symp-
toms related to the LM. At our tertiary referral center, a special-
ist interdisciplinary team comprising surgeons, physicians, radiolo-
gists, pathologists, oncolologists, ophthalmologists, otorhinolaryn-
gologists, dermatologists and geneticians are responsible for the
management vascular anomalies. In order to further improve ap-
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proaches to management, systematic evaluation of the outcomes
of LMs based on current management approaches is needed. This
study has aimed to describe the characteristics a, treatment and,
outcomes of our pediatric patient population with LMs at a single
center over an 11-year follow-up period.

2. Materials and methods
2.1. Patients

This was a cross-sectional, single tertiary institution series. Af-
ter institutional review board approval from the Helsinki University
Hospital (HUS54/2019 and HUS80/2021), the records of all patients
with LMs < 16 years of age primarily referred to our institution be-
tween January 2008 and September 2019 were retrieved. Based on
the ISSVA classification of vascular anomalies [2], the outcomes of
simple (cystic) LMs were studied. These were classified into macro-
cystic (cysts > 1 cm), microcystic (cysts < 1 ¢cm), or mixed (macro-
and microcystic) types [2].

Clinical details collected included age at presentation, present-
ing symptoms and signs, location of the LM, imaging studies, man-
agement, laboratory findings, and details of outcomes over follow-
up. Symptoms were graded according to severity based on records:
1) asymptomatic, 2) mild/occasional symptoms (e.g. skin discol-
oration, mild pain intermittently) and 3) moderate/severe symp-
toms limiting activity of daily life and/or compressing vital organs
(e.g. airway). Magnetic resonance imaging (MRI) was performed to
assess the potential airway involvement prenatally, or prior to scle-
rotherapy to evaluate the potential risk of tracheal compression
after treatment. LM size was determined by measurements from
radiological imaging (US and MRI), overall assessment was com-
plemented by clinical examination and follow-up photographs. Di-
mensional changes were reported as increased, no change, reduced
or regressed at the last follow-up visit relative to the original size
of the lesion(s) at diagnosis. Complications were classified accord-
ing to Clavien-Dindo [6]. Localized pain and/or swelling during the
first 2 weeks after sclerotherapy was regarded as an effect of treat-
ment rather than a complication, unless unusually severe [7,8]. Re-
currence was defined as reappearance of clinically apparent lesions
after apparently successful treatment.

2.2. Statistics

Data are presented as median (range) unless otherwise speci-
fied. Frequencies were compared using

Fisher’s exact test. Statistics were calculated using SPSS soft-
ware version 27.0 (SPSS Inc, Chicago, IL). A p-value < 0.05 was
considered significant.

3. Results
3.1. Patients

Of a total of 164 patients, the median follow-up was 5 (0.3-16)
years from diagnosis (Table 1). Eight cases (5%) were diagnosed
prenatally on ultrasound during pregnancy. Thirty-three percent
(n = 54) of patients presented during the neonatal period, and 66%
(n = 109) had presented by the age of 2 years (Fig. 1). At the time
of the study, 72 (44%) patients were under follow-up, 86 (52%) had
been discharged, and 6 (4%) had transitioned to adult care. There
was only one mortality in the cohort due to causes unrelated to
the LM

3.2. Presenting features and primary assessment

The most common presenting feature was a palpable mass or
swelling (84%; n = 138), followed by pain at the site of the LM

Table 1

Patient demographics and location of LM.
Demographics n (%)
Male/female 99 (60)/65 (40)
Age at diagnosis, years; median (range) 1.2 (0-15)
Location
Head and/or neck 66 (40)
Extremities 45 (27)
Trunk 37 (23)
Visceral 10 (6)
Mediastinum (including neck) 6 (4)
Classification
Macrocystic 77 (47)
Microcystic 34 (21)
Mixed 53 (32)

(27%; n = 45). Cutaneous changes (skin vesicles) or signs of in-
fection were found in 9% of patients (n = 15) for both. All pa-
tients had undergone ultrasound (US) assessment as part of the
diagnostic pathway. US showed hemorrhage into cysts in 42 (26%)
patients. LMs were found incidentally on imaging performed for
other reasons in 11 (7%) cases.

Of 66 patients with head and/or neck LMs, 6 (9%) required
tracheostomy due to airway obstruction or impending airway ob-
struction, either based on anatomy and/or planned sclerotherapy.
Four out of these 6 cases had a very large cervical/mediastinal
LM with obstruction of the trachea and oropharynx that was di-
agnosed prenatally. These patients were delivered electively af-
ter multidisciplinary assessment via ex-utero intrapartum treat-
ment (EXIT) delivery and successfully intubated, followed by semi-
elective tracheostomy at median age of 8 (range, 1-60) days. Of
the remaining 2 prenatally diagnosed head and/or neck LMs, one
developed symptoms during the first week of life and the sec-
ond feeding difficulties at 4 months of age from a gradual increase
in the size of macrocysts. All 6 patients with tracheostomy have
been successfully decannulated at a median age of 3 (range, 0.8-
5) years. The two cases of peripheral LMs with prenatal diagnosis
underwent normal delivery.

3.3. Further imaging

In addition to US assessment in all patients, a total of 172 MRI
scans had been conducted in a total of 111 (68%) patients, includ-
ing 4/8 (50%) fetuses with prenatal diagnosis. MRI had been per-
formed to assess the extent and anatomy of the LM for treatment
planning in all (n = 111), to define the extent of potential airway
involvement in 49 (44%) patients, and/or to follow-up lesions that
were not adequately visualized on US (including a mediastinal lo-
cation) in 15 (14%) patients. Computed tomography (CT) scans had
been performed in 5 (3%) cases as an additional imaging to evalu-
ate bone structure or to assess possible lung involvement.

3.4. Management

The overall management algorithm within the cohort is sum-
marized in Fig. 2.

3.4.1. Conservative management

Of a total of 163 living patients, 62 (38%) had not under-
gone/required any interventions to date. The median age was 0.8
(range, 0-12) years at the first visit. LMs were macrocystic in 33
(53%), microcystic in 14 (23%) and mixed in 15 (24%). Thirty-one
(50%) were in a head and/or neck location.

Of these patients, 58 (94%) reported no cosmetic/functional im-
pairment and/or pain. The remainder had mild/occasional symp-
toms (mainly pain). The size of the LM reduced during follow-up
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Fig. 1. Cumulative age at presentation of LMs in 164 patients.

Total
n=164*
I
[ | | | |
Combined
No interventions Sclerotherapy Surgery reatment** Puncture
n=62 n=63 n=19 n=11
n=9
* 163 living, 1 death unrelated to the LM
** a combination of sclerotherapy and/or surgery/puncture and/or medication
Fig. 2. Management.
clinically or on imaging in 42 (68%) patients, in 16 of whom com- Table 2 )
plete resolution (disappearance on clinical examination and imag-  Effects of sclerotherapy on the size of LMs.
ing) occurred. All these 16 patients had macrocystic LMs; 10/16 n (%)
(63%) had a head and/or neck locatlop. The median age at reso- M Resolved”  Reduced  No change  Increased  Total
lution was 2 (range, 0.7-8) years; median 13 (range, 1-61) months -
after appearance. No recurrences were observed in this group dur- Macrocystic 8 (30) 1555 4(15) 0(0) z
. . B . . Microcystic 1(6) 13 (81) 2 (13) 0 (0) 16
ing the follow-up period. The LM size remained unchanged in Mixed type 1(5) 14 (70) 5 (25) 0 (0) 20
19 (31%) patients and increased in 1 (2%). Total 10 (16) 42 (67) 11 (17) 0(0) 63

3.4.2. Sclerotherapy

Sclerotherapy had been performed in 72 (44%) patients at a me-
dian age of 2.5 (range, 0.01-15) years, either in isolation (n = 63;
88%) or in combination with surgery (n = 9; 12%). A total of
190 (median 2, range, 1-9) sessions had been performed. Thirty-
one patients (43%) had undergone one session and 35 (49%) pa-
tients 2-5 sessions. Six patients (8%) had undergone >5 sessions,
3 of whom due to large, complex head/neck LMs (mixed type).
Indications for sclerotherapy included cosmetic impairment (43%;
n = 31) pain (25%; n = 18), skin problems (17%; n = 12), func-
tional impairment (15%; n = 11), and/or compression of the trachea
(8%; n = 6). As shown in Fig. 3. OK-432 (Picibanil®) was the pre-
dominant sclerosant that had been used (35%; n = 67) although
currently doxycycline and bleomycin predominate our sclerother-
apy treatment. Macrocysts were most commonly treated with OK-
432 and doxycycline, and microcystic LMs with bleomycin. In 21

* Completely resolved either clinically and/or on imaging.

(29%) patients, more than one type of sclerosant had been used
in different sessions. Sclerotherapy was performed under general
anesthesia in 180 (95%) of sessions. The median hospital stay was
1 (range, 1-21) days; 47% (n = 89) patients were discharged on
the same day. In 4 patients with large cervical macrocysts, scle-
rotherapy was performed by first draining macrocysts with a pig-
tail catheter and then injecting doxycycline through the drain. This
was left in situ for 4 hours and then drained, repeating the proce-
dure until fluid drainage ceased [9]. The median number of proce-
dures was 3 (range, 2-4). Drains were removed after a median of
5 (range, 1-6) days.

The outcomes of primary sclerotherapy (n = 63) are presented
in Table 2. LMs completely resolved or reduced in size in 83% of
patients (n = 53) such that in 48% of patients (n = 30) no fur-
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Fig. 4. Treatment approach according to the location of the LM.

ther sessions were planned. Two (3%) patients continued to have
symptoms limiting daily life: one patient with a microcystic LM
with complex involvement of the oropharynx (airway obstruction)
and one patient with pain from a microcystic LM of the dominant
hand. Further sclerotherapy is planned in these patients.

3.4.3. Surgery

Twenty-six (16%) patients underwent surgical resection of the
LM at a median age of 4.2 (range, 0.3-12) years, of whom 19
(73%) as the primary treatment and 7 (27%) secondarily or as a
form of combined treatment. Fifty-three percent (n = 10/19) of pri-
marily operated cases comprised patients with symptomatic intra-
abdominal LMs (large mesenteric or omental cysts with pain, in-
cluding intestinal torsion around a macrocyst) as shown in Fig. 4.
In truncal or peripheral lesions (n = 16), symptomatic or palpa-
ble mass (n = 8; 50%), a large LM restricting movement of the
head/neck or extremity (n = 4; 25%), persistent lymphatic/blood
leakage (n = 2; 13%) or increasing size of the LM despite scle-
rotherapy (n = 2; 13%) led to surgery.

Total macroscopic excision was performed in 16 (62%) and de-
bulking in 9 (35%) patients, respectively. At operation, one patient
was found to have an unresectable visceral LM due to extensive
mesenteric involvement. Eighteen (69%) patients needed inpatient
care postoperatively with a median hospital stay of 6 (range, 2-
10) days. The remainder were performed as day cases. One reop-

eration was conducted after debulking to remove more affected
skin. Among patients with total macroscopic excision, recurrences
were observed in 2 (13%) patients (both mixed type LMs) 4 and 7
months after resection. These patients have not been reoperated as
they had no cosmetic or functional concerns, and the lesions were
smaller than before operations.

3.4.4. Puncture

Puncture and drainage of macrocysts was conducted in 19 (12%)
cases. Eleven patients had growing LMs of the neck extending close
to the trachea. The median age at the time of puncture was 4
months (range, 2 days to 4 years). The puncture was conducted
to temporarily reduce the size of the LM before further treatment,
but no regrowth occurred in 5 (26%) cases, including two patients
(macrocystic head/neck LMs) in whom lesions resolved after punc-
ture without need for further interventions. Intralesional bleeding
after puncture was noted in two (11%) cases.

3.4.5. Medical management

Sirolimus, an mTOR (mammalian target of rapamycin) inhibitor,
had been initiated for one (0.6%) patient in the cohort. This patient
had a large head and neck LM with mediastinal involvement. The
cervical component was initially treated with puncture followed
by sclerotherapy and surgery. A somatic PIK3CA (a catalytic sub-
unit alpha of phosphatidylinositol-4,5-bisphospate-3-kinase) muta-



H. Hyvonen, P. Salminen and K. Kyrklund /Journal of Pediatric Surgery 57 (2022) 1005-1010 1009

tion was detected on genetic analysis and sirolimus was initiated
as further treatment after multidisciplinary assessment.

3.5. Complications according to Clavien-Dindo

The overall incidence of complications after interventions was
7% (n = 15/215). Complications after sclerotherapy were 6%
(n = 12/190 sessions) and 12% (n = 3/25 procedures) after surgery
(p = 0.392). After sclerotherapy, prolonged swelling, or pain >
2weeks (grade I) occurred in 7 (4%) patients, and intralesional
hemorrhage and infection of the LM requiring antibiotics (grade
1) occurred in 5 (3%) patients. Intubation was required in 1 pa-
tient due to localized swelling of the oropharynx after OK-432 scle-
rotherapy. As this was an anticipated effect of treatment, it was
not regarded as a complication. After surgery, the postoperative
complications included wound infection requiring additional oper-
ations (n = 2), and/or temporary neuropraxia (n = 1; grades III-
Illd). Complications after surgery (n = 3, grade IlI-Illd) were more
severe than after sclerotherapy (n = 12, grade I-II), p = 0.002.

4. Discussion

LMs are benign lesions that do not require immediate treatment
unless vital structures are compromised. These lesions can expand
as the child grows and LMs seem to be prone to progression espe-
cially during adolescence [10]. Differential diagnosis of LM includes
other low-flow vascular malformations, masses of neck (e.g. thy-
roglossal cysts, plunging ranula, teratoma), (epi)dermoid cysts and
seromas. Microcystic LMs with skin involvement may be confused
with other skin lesions. Misdiagnosis may potentially lead to de-
layed or incorrect treatment [11,12].

No mortality directly related LMs occurred in our cohort, and
major complications related to treatment were uncommon, sup-
porting the role of multidisciplinary assessment in patient selec-
tion for expectant and interventive measures, and in the choice of
treatment modality. Based on antenatal MRI, 4 patients with sig-
nificant airway involvement were delivered by EXIT section, first
described for use in large cervical LMs threatening the airway by
Laje et al. [13]. As the EXIT procedure carries more potential for
complications than a standard cesarean section [13], the risks and
potential benefits should be carefully considered. In our cohort, the
airway was intubated successfully in all patients selected for EXIT
section, and the subsequent need for tracheostomy was later con-
firmed. The two further patients with prenatally apparent larger
head/neck LMs who were normally delivered later went on to re-
quire tracheostomy, suggesting that patients with prenatal diagno-
sis at this location may generally have larger/more complex LMs
and there may be a risk of developing airway compromise during
follow-up. Of the 66 other patients with head/neck and/or medi-
astinal LMs that were not prenatally detected, none went on to re-
quire tracheostomy and/or intubation during follow-up.

In terms of outcomes, spontaneous resolution was observed in
26% of our patients at an average of 13 months after initial pre-
sentation, most of whom had macrocystic LMs as has been ob-
served in other studies [14,15]. These patients were predominantly
asymptomatic (94%) and mostly under pre-school age (median 2
years). The previously reported rates of spontaneous regression in
LMs have varied between 13% to 58% [14-16], with a median of 7
months from incidence according to one study [15]. Spontaneous
resolution was most common among patients with head and neck
LMs (63%), although conversely some of our most clinically com-
plicated cases were also in this location. Expectant observation of
smaller LMs with minimal or no symptoms during at least the pre-
school years is supported by several studies [14,16,17].

In our cohort, interventions were performed for significant cos-
metic deformity or pain, functional impairment, or threat to vital

structures such as the airway. Puncture of the LM, described in
a few studies [16,18,19] was performed for younger infants who
had a growing LM head and/or neck to temporarily reduce lesion
size before definitive sclerotherapy, although in some cases regres-
sion or lack of re-growth was subsequently observed. The data do
not allow assessment of whether this was due to puncture or ten-
dency to natural regression of the LM; all were large macrocystic
lesions. In these cases, puncture was performed primarily to de-
lay the need for sclerotherapy (and subsequent secondary airway
compromise) in young patients (under 3 months of age).

Among patients requiring interventions, sclerotherapy is often
the most common primary treatment performed. Although OK-
432 was commonly used in the past, at our institution it has
since been superseded by doxycycline (for macrocystic LMs) and
bleomycin (for microcystic LMs) in recent years. In mixed type of
LMs, our institutional preference involves treatment of the macro-
cystic component prior to the microcystic components. Sometimes
treatment of the macrocystic component suffices, which reduces
the need to use bleomycin for microcystic components [20]. Drains
were used rarely in selected cases with large macrocystic LMs
threatening vital structures or no response to puncture or scle-
rotherapy. Similar processes for usage of drains have described
in the literature [9,21,22]. As the selection of sclerosants is influ-
enced by the size, type, and location of LMs and multiple scle-
rosants and/or multiple sessions may be required, comparison of
the efficacy of single sclerosing agents by type of LM was not
feasible.

Patients underwent on average 2 sclerotherapy sessions, which
is in congruent with other studies [17,21,23]. The timing of scle-
rotherapy was based on the clinical course, symptoms, and the lo-
calization of LM. In cervical LMs diagnosed prenatally or in the
neonatal period, we often perform MRI within the first two months
of life without anesthesia or sedation to evaluate the risk of tra-
cheal compression. If this shows extension near to the trachea but
no airway compression or need for tracheostomy, our preferred ap-
proach is to postpone the first sclerotherapy, if possible, until the
child is around two years old and the consistency of trachea is
more rigid [24]. The parents are informed to contact the hospi-
tal should any concerns with the child’s breathing arise. Even if
sclerotherapy is performed at the age of two years or later, pa-
tients with LM lesions extending close to trachea are monitored
closely in the hospital after the procedure for any signs of tra-
cheal compression from potential swelling. In our data, 50% of pa-
tients who underwent more than 5 sclerotherapy sessions were
tracheostomized, which describes the complexity of the clinical sit-
uation. Based on current knowledge, if sclerotherapy is ineffective
after 2-3 sessions, other treatment options such as surgery and/or
biopsy for genetic analysis and possible medical treatment should
be considered [25,26].

It has been found that somatic PIK3CA mutations are associ-
ated with both simple and syndromatic LMs [27]. The understand-
ing that activation of the PI3K (phosphatidylinositol-3-kinase)/AKT
(protein kinase B)/mTOR pathway may be related to the etiology
of LMs has introduced sirolimus into the treatment of compli-
cated vascular anomalies and the current literature suggests that it
is well tolerated [26,28]. According to previous studies, sirolimus
seems to be effective especially when treating mucosal and mi-
crocystic LMs with skin involvement, or cervicofacial LMs [25,29].
In the current cohort, sirolimus had been initiated in one patient,
but its use has since increased pending improved understanding of
genetic factors in LMs, including the detection of somatic PIK3CA
mutations among patients with LMs [30].

In the current cohort, surgery was performed in selected cases,
mainly for macroscopic resection of symptomatic intra-abdominal
LMs or as a secondary debulking measure for large, mixed-type pe-
ripheral or head/neck LMs affecting multiple tissue layers where
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sclerotherapy had not been sufficiently effective. Our results sug-
gest that surgery was effective in reducing symptoms and size of
the lesion. Dubois et al. proposed that surgery might be adjuvant
treatment in cases with poor outcome after primary sclerother-
apy [22]. On the contrary, Lee et al. indicated that complete re-
section of clearly demarcated macrocysts is enough to cure most
patients with intra-abdominal LMs [31]. In our series, there were
more Clavien-Dino complications grade >III related to surgery than
sclerotherapy (p = 0.002). These findings may reflect patient selec-
tion for different treatment categories, and the complexity of sur-
gically treated cases. By lesion type, patients with macrocystic LMs
had the highest rates of clinical resolution or improvement after
treatment, which is also supported by the literature [9,15,31].

The limitation of our study is its retrospective design. The pa-
tients were selected to different treatment groups by nonrandom-
ized design based on clinical status and imaging findings. Evalu-
ation of outcomes was dependent on the documentation in pa-
tient records at the latest follow-up visit and the size of LM is
based on subjective measures and/or imaging. However, among
the strengths of this study include a large patient cohort and that
no cases were lost to follow-up. Further multicenter studies are
needed to elucidate the outcomes of treatment and effects of cys-
tic LMs, including health-related quality of life. Genetic analysis
for somatic mutations, and the role of medical treatment in the
management of LMs remain other important areas for continued
research.

5. Conclusions

Despite their current classification terminology, simple (cystic)
LMs demonstrate wide heterogeneity in terms of size, location, and
clinical course. Most previous articles to date have focused on out-
comes by location whereas the current work includes an entire
population of patients treated at a single tertiary unit over an 11-
year time period. Careful, multidisciplinary assessment assists in
the planning of management strategies, which include conservative
follow-up, and identifies that multiple and sometimes multimodal
treatments may be required in symptomatic cases.
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