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Lymphatic malformations (LMs) are congenital lymphatic lesions that
impose significant and costly morbidities on affected patients. Treatment
options are limited due to incomplete understanding of LM pathobiology.
Expression of an activated B,-adrenergic receptor has been described in

LM tissue, suggesting that this pathway may contribute to the clinical
manifestations of LM. We hypothesized that propranolol, a f-adrenergic
receptor antagonist, might improve symptoms of patients with LMs

and lymphatic anomalies. A retrospective chart review of patients

treated with propranolol as an adjunct therapy was conducted; analyses
included demographic characteristics, clinical features, and response to
propranolol. Three patients with cystic and noncystic LMs displayed clinical
improvement at a minimum dose of 0.7 mg/kg/d, whereas symptomatic
relapses were observed when propranolol doses dropped below this
threshold. Two patients with Klippel-Trenaunay syndrome demonstrated
partial clinical responses with reduced edema. The fetus of a mother treated
with propranolol from a gestational age of 35 weeks through delivery
displayed arrested growth of a cervicofacial LM. Our retrospective review
suggests that propranolol improved symptoms in a subset of patients with
lymphatic anomalies. Propranolol treatment may also limit the growth of

congenital LMs in utero.

Lymphatic malformations (LMs)

arise due to defective lymphatic
vessel development. LM subtypes
include “common” or cystic (including
macrocystic, microcystic, and mixed
macrocystic/microcystic) LMs,
generalized lymphatic anomalies,
primary lymphedema, and
Gorham-Stout disease (issva.org/
classification).}* LMs can also form
part of a mixed vascular malformation,
as in Klippel-Trenaunay syndrome
(KTS). LMs are associated with life-
threatening sepsis, bleeding, and
lymphorrhea. Despite significant
morbidities, treatment options for
LMs are inadequate because the
etiology is poorly understood. Empiric

approaches include sclerotherapy

or surgical resection, but recurrence

is common.>® Recently, sirolimus

and sildenafil have demonstrated
symptomatic improvement in patients
with LMs.”-12 Literature on propranolol,
a nonselective p-adrenergic receptor
antagonist, is inconclusive; some reports
have shown efficacy,!3-17 whereas
others found no effect in patients with
lymphatic anomalies.!819 We present a
retrospective review of 4 patients with
LM and 2 patients with KTS treated with
propranolol as an adjunct therapy (with
responses ranging from modest to clear
symptomatic improvement) and, for

the first time, treatment of a fetus with
an LM.
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TABLE 1 Patient Baseline Characteristics

Patient Sex Age at Diagnosis Phenotype Location Symptoms/Signs Previous Interventions
Pediatric LMs
1 M Prenatal Mixed macrocystic and Retroperitoneum Edema Debulking
microcystic LMs Pelvis Lymphatic drainage
Perineum Bleeding
) Sepsis
Left lower extremity Nonambulatory status
2 M 5y Generalized lymphatic Diffuse Edema Diuretics
anomaly Pleural/pericardial effusions Debulking
Sepsis
3 M 1y Lymphedema Left foot Lymphedema None
Recurrent cellulitis
KTS
4 F Prenatal Capillary, venous, and LMs Right lower extremity Edema Sclerotherapy
Peritoneum Lymphatic drainage
Bleeding
Sepsis
5 M At birth Capillary, venous, and LMs Left lower extremity Edema in toes Debulking
Perineum Leakage from old incisions Embolization of vein of
Pain Servelle
Prenatal LMs
6 F Prenatal Mixed macrocystic and Cervicofacial Prenatal radiographic finding ~ None

microcystic LMs

Concern for airway
compromise

F, female; M, male.

We performed a retrospective
study of 6 patients with lymphatic
anomalies who received propranolol
(Columbia University Institutional
Review Board, AAAL7000 and
AAA08902). Five patients whose
symptoms could not be managed
with conventional therapy were
offered propranolol as an adjunct. A
fetus at risk for airway compromise
was treated with propranolol via
maternal administration. Before
initiation of propranolol, patients
underwent cardiac evaluations. If no
contraindications were identified,
propranolol was initiated (most
commonly at 0.5 mg/kg/d). Gradual
dose escalation (final dose range,
0.7-2 mg/kg/d) was performed as
tolerated. The mother of the fetus
with cervicofacial LM underwent
cardiac evaluation and was treated

with propranolol 10 mg 3 times daily.

PATIENT PRESENTATIONS AND
TREATMENT OUTCOMES

Six LM/KTS patient records are
summarized in Table 1. Propranolol
(0.5-2 mg/kg/d) was administered
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from 1 to 46 months (Table 2).

No major adverse events (grade

3 or 4) were recorded. Treatment
outcomes are grouped according to
presentation, as follows: (1) cystic
and noncystic LMs (n = 3); (2) KTS
(n=2); and (3) prenatal LM (n = 1).
In all 3 patients with LM, propranolol
treatment was associated with clear
symptomatic improvement. In the

2 patients with KTS, propranolol
use was associated with decreased
edema. The fetal LM did not
increase in size during treatment,
and the infant exhibited no airway
compromise at delivery.

CASE REPORTS

Cystic and Noncystic LMs: Clinical
Improvement

Case 1 (Mixed Macrocystic/
Microcystic LM)

A 10-year-old boy with congenital
LMs of the retroperitoneum, pelvis,
perineum, and left lower extremity
experienced multiple episodes

of severe sepsis. He was unable

to ambulate. Impaired healing

of incision sites with persistent
lymphorrhea persisted after a
debulking procedure at 7 years of age
(Fig 1A). Before his 11th birthday,
the patient’s symptoms worsened,
with increased edema, bleeding,

and lymphorrhea, necessitating 3
hospitalizations and 4 transfusions
(Fig 1B). Propranolol was offered and
initiated (0.6 mg/kg/d). Decreased
drainage and bleeding were noted
within 24 hours. Unplanned
emergency department visits and
transfusion requirements decreased
during treatment. After 2 weeks, LM
edema decreased sufficiently to allow
ambulation. Propranolol treatment
continued (1.25 mg/kg/d).

The patient experienced
exacerbations during treatment
with propranolol. One event was
temporally associated with a viral
syndrome and another with a
decrease in effective dosage due to
weight gain. Both events responded
to an increase in the propranolol
dosage. The patient underwent
another debulking procedure
during treatment, with healing
and no lymphorrhea (Fig 1A).

WU et al



TABLE 2 Propranolol: Clinical Efficacy

Clinical Outcome

Patient Age at Propranolol Dosage Concurrent Adverse
Therapy Intervention Events
Pediatric LMs
1 1y 0.58 — 1.25 mg/kg/d Debulking None
2 20y 0.43 — 0.7 mg/kg/d None Hair loss
3 1My 0.34 - 0.7 mg/kg/d None None
KTS
4 1mo 1.5 - 2 mg/kg/d Right trans-knee  None
amputation
5 10y 0.98 — 1.31 mg/kg/d Left above knee None
amputation

Prenatal LMs
6 Prenatal 10 mg TID to mother None None

Decreased edema and drainage from old incisions
Decreased transfusions and unplanned hospitalizations?
Ambulatory

Decreased edema (lost 5 kg)2

Increased function with minimal dyspnea climbing stairs?
Lymphedema resolved®

No episodes of recurrent cellulitis®

Decreased edema and drainage from skin lesions
Decreased drainage from dermal LMs, decreased edema in toes
Prenatal LM regressed

EXIT not needed
No respiratory issues in NICU

EXIT, ex utero intrapartum treatment; TID, 3 times daily.
2 While patient was taking propranolol. Symptoms recurred after discontinuation.
b Symptoms recurred when propranolol dose dropped to <0.55 mg/kg/d.

Propranolol was discontinued after
24 months due to noncompliance. Pre-propranolol

Concurrent with propranolol

His hospitalization and transfusion ' I
requirements increased (Fig 1B), 4y postop .
and he lost the ability to ambulate.
Sirolimus was initiated at 0.8

mg/m? twice daily and up-titrated

to a trough serum level of 7.1

ng/mL, with decreased lymphorrhea,
bleeding, and 2 episodes of sepsis
requiring hospitalization.

Case 2 (Generalized Lymphatic

5 d postop 3 mo postop 9 mo postop

Anomaly) . Before . Propranolol . After .
A 19-year-old man presented B 16 -
with congenital bilateral lower < \ s UNPlaNNEd
extremity lymphedema, ascites, and g 14 \ admissions
dyspnea, controlled with furosemide % 1.2 \ Transfusions
and compression garments. He Q4
underwent surgical debulking at % 08 \ \ ,\L /
Enother institution, cor.npll?ated :‘j 06 \\ P / \/

y staphylococcal sepsis. His o \\v/ T~
presenting symptoms included ? 0.4 \ Vg
fever, cellulitis, worsening ascites, g 0.2 \
and pleuropericardial effusions, 0 - \/\
and he required pediatric ICU March-12 May-12  Nov-12 May-13  Nov-13 May-14  Nov-14
treatment. He was supported with April-12  Oct-12  April-13  Oct-13  April-14 Oct-14  Dec-14
biphasic positive airway pressure FIGURE 1
support, thoracostomy tubes, and Propranolol improved morbidities of an 11-year-old patient with pleural, peritoneal, and perineal
pericardiocentesis. Propranolol LMs (case 1). (A) Persistent drainage (arrow) from debulking before propranolol administration.

treatment was initiated (0.43 mg/
kg/d, increasing to 0.70 mg/kg/d).
His condition improved, and he
was discharged on propranolol

PEDIATRICS Volume 138, number 3, September 2016

Healing of incisions after debulking while taking propranolol at 5 days’, 3 months’, and 9 months’
postoperatively. (B) Frequency of blood transfusions (red) and unplanned hospital admissions (blue).
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monotherapy. Subsequent
outpatient evaluation demonstrated
improvement in lymphedema, a

5-kg weight loss, and the need for
smaller compression garments and
clothing due to decreased edema and
ascites. The patient subsequently
reported hair loss and chose to
discontinue propranolol after 4
months. After discontinuation, he
reported recurrent lymphedema and
ascites, managed by paracentesis and
intensified diuretic therapy. Despite
these latter measures, his weight
increased by 7 kg.

Case 3 (Primary Lymphedema)

A 9.5-year-old male patient
presented with recurrent cellulitis of
his left foot, requiring hospitalization
and intravenous antibiotics. On
examination, lymphedema of the
affected lower left leg was noted,
with a contralateral calf girth
discrepancy of 1 cm. Propranolol
was offered when the patient was

12 years old and initiated (0.5

mg/kg/d, increasing to 0.7 mg/kg/d).

The patient noted decreased lower
extremity lymphedema with no
adverse effects.

The patient presented 1 year

later with recurrent lymphedema
and admitted noncompliance.
Lymphedema resolved with directly
observed propranolol treatment. Ten
months later, the patient presented
again with cellulitis, requiring
admission for intravenous antibiotic
treatment. During that time, he had
undergone a growth spurt, which led
to an effective dose decrease to 0.5
mg/kg/d. The cellulitis resolved with
antibiotic treatment.

KTS: Limited Response
Case 4

A full-term female neonate was
delivered with a massive lesion
involving the right abdomen,
flank, perineum, and right lower
extremity, with cutaneous port
wine stains, consistent with KTS.

ed

Magnetic resonance imaging/
magnetic resonance angiography
confirmed the presence of cystic LM
components and venous anomalies.
On day of life 11, she underwent
doxycycline sclerotherapy of the
macrocysts. At 2 weeks of age,
propranolol was initiated, with a
subsequent reduction in right lower
extremity rubor 48 hours after
treatment commenced. The patient
was discharged but developed septic
shock as an outpatient. She was
resuscitated at an outside institution
and transferred to our institution.
After multidisciplinary consultation
and family discussion, she underwent
trans-knee disarticulation and
diverting colostomy to decrease
disease burden. Oral suppressive
antibiotics were added to her
regimen. The patient has remained
infection-free for 46 months on
propranolol (2 mg/kg/d). The right
lower extremity stump incision is
well healed, and improvement in
edema was noted by her parents.

Ccase 6

A 10-year-old boy presented with
left lower extremity KTS. Magnetic
resonance imaging confirmed
complex venous and lymphatic
involvement. The patient’s functional
status gradually deteriorated, with
loss of the ability to ambulate. He
underwent debulking procedures,
but lymphedema recurred, with
persistent lymphorrhea at incision
sites. Propranolol treatment was
initiated (1 mg/kg/d). A small
decrease in incisional drainage was
noted after 2 months of treatment.
His lymphedema progressed after
embolization of the vein of Servelle,
with no improvement when
propranolol was increased to

1.3 mg/kg/d.

Propranolol was tapered in
preparation for an above-knee
amputation. As propranolol was
tapered (but before amputation),
foot edema and drainage from
the previous incisions worsened;

both were quiescent during
propranolol therapy. The patient
underwent amputation, and
incisional lymphorrhea responded

to topical timolol gel. He is currently
undergoing re-evaluation for
resumption of propranolol treatment.

Prenatal LM: In Utero Treatment

Case 6 (Mixed Macrocystic/
Microcystic LM)

A 27-year-old woman was prenatally
diagnosed with a fetus with a
cervicofacial LM at 32 weeks’
gestation (Fig 2A), raising concern for
airway obstruction. Propranolol was
offered and treatment started (10

mg 3 times daily) at 35 weeks and
continued until delivery (39 weeks).
No adverse fetomaternal effects were
noted.

Repeat imaging demonstrated that
while the fetus grew normally,

LM dimensions stabilized.
Ultrasonography suggested that LM
volume may have decreased (Fig 2
A and B). Imaging confirmed fetal
airway patency at 38 weeks, with
uneventful delivery at 39 weeks’
gestational age.

DISCUSSION

Based on anecdotal reports of
propranolol efficacy in other
lymphatic lesions,'>-17 we performed
aretrospective review of 5

patients with lymphatic anomalies
who received propranolol as an
adjunct therapy and 1 case of fetal
cervicofacial LM whose mother
received propranolol. Our initial
experience suggests that propranolol
improved symptoms in a subset

of patients with cystic/noncystic
LM/KTS; these included reduction

of edema (n = 4; cases 1, 2, 3, and

4), bleeding (n = 2; cases 1 and 4),
lymphorrhea (n = 3; cases 1, 4, and
5), and reduced hospitalizations

in 1 patient. Both patients with

KTS demonstrated partial relief of
lymphatic-related symptoms, edema,
and lymphorrhea during propranolol

WU et al
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Propranolol therapy of a prenatal cervicofacial LM (case 6). (A) Coronal gradient-echo 2-dimensional
magnetic resonance imaging scans of bilateral cervicofacial LM (arrows) at 32 weeks, 4 days
(32w4d; pretreatment), and at 36 weeks 2 days (36w2d) and 38 weeks 2 days (38w2d) of gestation
on propranolol therapy. (B) LM volume determined by ultrasonography normalized to head

circumference (HC).

treatment (cases 4 and 5). Results
from our series, in combination with
previous reports,!>1¢ suggest that a
prospective trial of propranolol in
patients with LM is warranted.

Propranolol effects seemed to be
dose dependent, with the lowest
effective dose at 0.7 to 1 mg/kg/d.
When propranolol was decreased or
discontinued, qualitative experience
and quantitative measures worsened.
In case 1, cessation of therapy
resulted in increased hospitalizations
and transfusion requirements. In case
3, recurrent foot edema and cellulitis
occurred with noncompliance. These
findings are of particular importance
in children, who are particularly
susceptible to outgrowing medication
doses.

Stabilization of a cervicofacial LM
in a fetus who received propranolol

via maternal administration

was observed. Experience with
propranolol treatment of fetal
supraventricular tachycardias
indicates that this option seems to be
safe for mother and fetus.2021
Cervicofacial LMs may obstruct

the airway and require support
perinatally, ranging from intubation
to ex utero intrapartum treatment
procedures,?2 which entail potential
fetomaternal risks.2324 Maternal
treatment with propranolol could
be considered in such patients.
However, neonatal LMs can also
regress spontaneously,?° and
maternal propranolol may be
associated with intrauterine growth
restriction.2? Further study of
prenatal propranolol is necessary.

Recently, sirolimus, a mammalian
target of rapamycin (mTOR)

inhibitor, has been shown to be
efficacious against life-threatening
LMs.71112 B, -adrenergic receptor
signaling can activate mTOR
downstream of cyclic adenosine
monophosphate and cyclic adenosine
monophosphate-dependent
pathways.?6 Propranolol may exert
effects by attenuating mTOR activity,
similar to sirolimus.

CONCLUSIONS

We concluded that a subset of
patients in our series seemed to
derive benefit from propranolol.
These results support further
studies to determine optimal
means of assessing benefit, dosing,
and identification of therapeutic
alternatives for patients who do not
improve.
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