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INTRODUCTION

Congenital pulmonary lymphangiectasis (CPL) is a rare vascular

disorder characterised by dilatation of lymphatic vessels in

multiple areas of the lungs including subpleural, interlobar,

perivascular, and peribronchial regions.

The original classification by Noonan et al. [1] divided

pulmonary lymphangiectasis (PL) into three groups: 1) general

lymphangiectasis with primarily intestinal involvement and less

severe pulmonary disease, 2) secondary PL due to pulmonary

venous obstruction (often associated with congenital heart

disease), and 3) primary pulmonary lymphangiectasis. This

classification has been modified and, on the basis of improved

clinical characterization and advances in neonatal intensive care,

been divided into two major categories, defined as primary and

secondary CPL (Figure 1) [2,3].

Connell et al. [4] created a classification and diagnostic

algorithm for primary lymphatic dysplasia based not simply on

the age of onset of the lymphedema but also the sites affected and

the presence of associated features. Considering CPL as being an

inherent developmental abnormality of the lymphatic system,

primary CPL fits into the category of systemic lymphatic problems

persisting beyond the neonatal period or manifesting at any age

thereafter (with pre- or postnatal onset) that further include
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S U M M A R Y

Congenital pulmonary lymphangiectasis (CPL) is a rare vascular malformation causing dilated lymph

vessels and disturbed drainage of lymph fluid. Based on the pathogenesis and clinical phenotype it can be

classified as primary or secondary CPL.

Associated genetic syndromes with or without lymphedema, familial occurrence and gene mutations

have been described. In utero, it may present as non-immune hydrops with pleural effusions. At birth

neonates may have respiratory failure due to chylothorax and pulmonary hypoplasia, causing very high

short term mortality rates. Other cases may become symptomatic any time later in childhood or even

during adult life. CPL is usually diagnosed based on the combination of clinical signs, imaging and

histological findings. Open-lung biopsy is considered the gold standard for the diagnosis of CPL.

Treatment is primarily supportive featuring aggressive mechanical ventilation and the management of

problems associated with congenital chylothorax including chest-drainage, medium-chain triglycerides

(MCT) diet, and octreotide.

� 2014 Elsevier Ltd. All rights reserved.

EDUCATIONAL AIMS

� To present an overview of the origin of congenital pulmonary lymphangiectasis (CPL) and to discuss the different classification

systems.

� To discuss the clinical course of CPL and the possibility of long term survival even in cases with severe neonatal onset.

� To give information on current diagnostic modalities

� To demonstrate the therapeutic options regarding prenatal and postnatal management

� To emphasize the importance of genetic counseling.
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hydrops fetalis, chylous ascites, intestinal lymphangiectasis, pleural

and pericardial effusions, and pulmonary lymphangiectasis.

Secondary PL comprises a heterogeneous group of conditions

including hypoplastic left heart syndrome, pulmonary vein atresia,

congenital mitral stenosis, cor triatum, and thoracic duct agenesis

all causing obstruction and extravasation.

HISTORY

CPL was first described by Virchow in 1856 [5]. Until 1968 a

total of 38 cases had been reported in the literature, most of these

cases were reported in journals of pathology, 13 cases had been

studied from a radiological viewpoint [5–20]. In 1970 Noonan et al.

[1] reported on three cases of CPL who had undergone cardiac

catheterization and had post-mortem injection studies demon-

strating dilated pulmonary lymphatics. Noonan et al summarized

all 45 known cases of CPL, added their own 3 cases and divided

them into three groups as follows: 5 cases with a generalized form

of lymphangiectasis (lymphedema with intestinal lymphangiec-

tasis), 13 cases with lymphangiectasis secondary to pulmonary

venous hypertension or obstruction, and 30 cases with primary

pulmonary lymphangiectasis. Five of the 48 patients survived for

over one month but no longer than 16 months and one patient was

still alive at the age of 5 years. In 1971 France and Brown [21]

reported on the features of 11 cases of CPL who had died during the

neonatal period. Seven were associated with total anomalous

pulmonary venous drainage. In 1972 [22], the British Medical

Journal stated, that one case of CPL could be expected in every 170

postmortem examinations. Thus, a greater awareness of the

condition should lead to its more frequent diagnosis in

the postmortem room and perhaps also in life. ‘‘But unfortunately’’,

the article concludes, ‘‘it seems doubtful whether anything much

can be done for this condition, at least in its more severe form.’’

In 1977, the December volume of the Proceedings of the Royal

Society of Medicine included ‘‘chylothorax and congenital pulmo-

nary lymphangiectasia’’ in a classification system of causes of

delayed respiratory distress in infancy. The author added CPL to the

primary pulmonary causes separating them from extrapulmonary

causes of respiratory distress starting more than one week after birth

in infants who had had nil, or only transient and minor, respiratory

problems immediately after birth [23]. The first case of CPL

associated with pleural effusions was reported in 1984, with a

suggestion of disordered lymphatic drainage being the cause [24].

Scalzetti et al. [25] published a review on developmental lymphatic

disorders of the thorax and characterized four major types that affect

the thorax: 1) lymphangiectasis, characterized by congenital

anomalous dilatation of pulmonary lymph vessels; 2) localized

lymphangioma, a rare and benign, usually cystic lesion character-

ized by mass like proliferation of lymph vessels; 3) diffuse

lymphangioma: a proliferation of vascular, mainly lymphatic tissue

in which visceral and skeletal involvement are common; and 4)

lymphangioleiomyoma, which involves a haphazard proliferation of

smooth muscle in the lungs and dilatation of lymphatic tissue. These

characteristic findings could be seen both with radiographic studies

as well as with histological evaluation. In 2003 Hagmann and Berger

[26] stated that CPL is a uniformly fatal disease when it manifests in

the newborn period. Since then, first reports of long-term survival

have been published [27–29]. In 2006 for the first time it was

speculated that endothelial nitric oxide synthesis (by immunohis-

tochemistry) may play an important role in the pathogenesis of CPL

as it was found to be present and upregulated in the endothelial

lining of dilated lymphatic vessels [30].

DISEASE NAME AND EPIDEMIOLOGY

Bellini et al. [2] named several disease names as synonyms

including pulmonary lymphangiectasia, pulmonary cystic lym-

phangiectasis, and pulmonary lymphangiomatosis. The latter is a

rare disease characterized by diffuse infiltration of lymphangiomas

in the lung, bone, and other tissues and is therefore, quite different

to CPL [31]. The word ‘‘-ectasis’’ comes from the Greek word

‘‘ektasis’’; meaning dilated, expanded, distended, extension. Thus,

in our opinion the preferential wording is pulmonary lymphan-

giectasis as used by Noonan et al. [1].

The true incidence of CPL is difficult to estimate as far as only

case reports and/or small case series have been published. A very

recent report on the histopathological spectrum of congenital

pulmonary developmental disorders stated that out of 2,155

stillbirth/neonatal autopsies there were 105 cases of pulmonary

hypoplasia, two cases of CPL, two cases of extralobar sequestration,

and three cases of congenital pulmonary airway malformation

[32]. This data would suggest that approximately one in a thousand

either stillborns or neonatal deaths is to some degree attributable

to CPL, and is not consistent with significantly higher estimates

reported in a review paper by Bellini et al. [2]. Familial occurrence

of CPL is rare and only six affected families have been documented

in the literature [33].

Embryology and Pathological Physiology

During embryonic development, blood vessels originate from

mesodermally derived endothelial cell precursors (vasculogen-

esis), and these vessels grow and remodel into the mature network

by endothelial sprouting and splitting (angiogenesis) [34]. The

lymphatic vasculature appears after the blood vasculature forms,

and this was the first indication that lymphatics might originate

from the blood vasculature. Florence Sabin [35,36] proposed the

most widely accepted model of lymphatic vasculature develop-

ment almost 110 years ago. By injecting dye into pig embryos she

proposed that endothelial cells bud from veins to form primary

lymphatic sacs.

The lymph vessels grow during the ninth week. Between the

twelfth and the sixteenth week of fetal life the pulmonary

lymphatic tissue is well developed. During the 14th week of life

lymph vessels form wide lymph trunks in the connective tissue

which divide the parenchyma of the lung into distinct lobules.

Figure 1. Classification of congenital pulmonary lymphangiectasis.
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Later, by the 20th week of life, the channels become narrower and

the surrounding connective tissue diminishes [1].

Lawrence [18] expressed the belief that CPL stems from a

continued growth of these tissues past the fetal stage. This theory,

postulating that lymphangiectasis is due to a developmental error

in which the normal regression of connective tissue elements fails

to occur after the 16th week of life, appears to be better supported

than that of Giammalvo [19] who postulated that this anomaly

results from a failure or delay in linkage of isolated lymphatic

spaces. Theros [10] correlated the pathological with the radiologi-

cal features of CPL. On examination the lungs are bulky and

inelastic with large cystic spaces in the subpleural area. On

sectioning, cystic lymphatic areas are also found peribronchially

and in the interlobular septa. This results in a honeycomb

appearance. Microscopically, an increase in fibrous tissue may

be seen in addition to the dilated cystic lymphatic spaces. The

surrounding alveoli are nearly collapsed and airless, although there

may be bronchiolar ectasis.

CLINICAL PRESENTATION AND DIAGNOSIS

CPL can present in the antenatal period as non-immune

hydrops fetalis with hydrothorax, often in combination with

polyhydramnios. Associated congenital and or chromosomal

anomalies may be detected and are noticed frequently in aborted

fetuses and non-survivors of CPL [28].

Clinical presentation at birth is often characterized by severe

respiratory distress due to unilateral or bilateral pleural effusions,

pulmonary hypoplasia and surfactant deficiency in combination

with prematurity, leading to intubation and mechanical ventila-

tion and even extracorporeal membrane oxygenation [37]. This is

especially the case with primary CPL limited to the lung, which

used to be considered a uniformly fatal disease when it manifests

in the neonatal period [26]. Increased survival in this subgroup of

CPL patients may be the consequence of advances in perinatal care

including improvements in neonatal respiratory management

[38,39].

Patients with generalized lymphangiectasis usually have less

pulmonary involvement but develop more subcutaneous edema

and visceral effusions, as described for some congenital genetic

lymphedema syndromes [40,41].

The neonatal course may be complicated by persistent visceral

chylous effusions, mainly chylothorax, ventilator dependency,

anasarca, arterial hypotension, heart failure, secondary pulmonary

hypertension, nosocomial infections and neonatal death, usually as

a consequence of progressive respiratory failure due to pulmonary

hypoplasia. CPL can also manifest later in the neonatal or

postneonatal period or even as in some cases in childhood or

adolescence or even in adult life [3,42]. It will usually present with

respiratory symptoms like persistent tachypnea, recurrent cough

or wheeze or airway infections. In patients with an early diagnosis

of CPL and without significant associated congenital anomalies

follow up studies have shown that long-term survival can be

expected [28,43] with improving respiratory status. In lung

function tests, restrictive and obstructive patterns have been

described with relative stability over time [43]. Additionally, other

medical problems including poor growth, gastro-esophageal reflux

or motor developmental delay [3,29] may be present.

Diagnosis of CPL is most often based on clinical signs together

with imaging and histological findings either from autopsy or

open-lung biopsy. Open-lung biopsy, considered the gold standard

for diagnosis, may also be helpful in the differential diagnosis of

other forms of pulmonary lymphatic dilatation or interstitial lung

diseases. Biopsy has not been uniformly reported in all surviving

patients with the diagnosis of CPL, partly due to spontaneous

improvements in their clinical condition [29,43–45]. Macroscopic

and histologic examinations may show hypoplastic lungs with an

irregular surface, scattered nodular changes along the visceral

pleura, dilated or cystic intrapulmonary lymphatics without

proliferation and thickened interlobular connective tissue

[26,46,47]. On immuno-histochemical stains flat cells lining the

thin wall of lymphatic spaces have been shown to be positive for

several antibodies, like CD31, CD-34, and D2-40 (Figure 2),

indicating their endothelial nature [47,48]. Imaging findings for

CPL on chest radiography and high-resolution computed tomog-

raphy (Figures 3 and 4) are usually described as reticulo-nodular

with increased interstitial markings or thickening, likely present-

ing dilated pulmonary lymphatics, that tend to regress after

infancy, and bilateral pulmonary hyperinflation, that generally

increases with age [44]. Although not specific, these findings may

add to the diagnosis of CPL, especially in the absence of a

histological evaluation.

Figure 2. Histology of the lung of a neonate with trisomy 21 from our division

suffering from syndromic CPL. Immunohistochemistry was performed using

antibodies against podoplanin highlighting all lymphatic vessels, including cystic

dilated ones in brown (bar 500 mm).

Figure 3. Chest-radiograph of a 10 weeks old infant from our division with

histologically proven CPL [55]. Bilateral reticulo-nodular interstitial pattern,

confluent in the perihilar region, pleural effusions, right-sided pleural drain,

tracheostoma.
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Lymphoscintigraphy may be a further non-invasive means of

identifying lymph vessel abnormalities, although rarely reported.

Bellini et al. [49] used radionuclide lymphoscintigraphy of the

hands and feet in a preterm neonate, presenting as non-immune

hydrops fetalis with congenital chylothorax (CC) and CPL to

demonstrate an abnormal drainage of the lower limb and the

thoracic duct. The authors speculated that ‘‘reverse-flow’’ in the

thoracic duct might have resulted in accumulation of lymph fluid

within the pleural and pulmonary lymphatic system adding an

interesting aspect to the pathogenesis of primary CPL and CC

already discussed by Moerman et al. [50].

THERAPEUTIC OPTIONS

Due to the variable clinical presentation and course of CPL there

is no uniform, standardized management strategy. Prenatal

treatment of fetal chylothorax by thoracocentesis, thoraco-

amniotic shunting or medical pleurodesis should be considered

to prevent severe pulmonary hypoplasia and hydrops, especially

when the degree of pulmonary and cardiac compression is

considered significant [37,51–55]. These treatment modalities

may also allow delivering the fetus closer to term. The rational for

thoraco-amniotic shunting, the most common procedure for

treatment of fetal chylothorax in CC, has been discussed recently

in several reports [56–58].

Postnatal treatment of CPL is primarily supportive including

aggressive mechanical ventilation, surfactant administration,

thoracocentesis, ECMO, cardio-circulatory support with inotropes,

diuretics, total parenteral nutrition (TPN) and substitution of losses

of electrolytes, coagulation factors and immunoglobulines associ-

ated with CC. The management of persistent, refractory CC in CPL

might be a challenge in the neonatal course requiring prolonged

conservative and or surgical interventions. A low oral fat diet with

medium-chain triglycerides (MCTs), which lessens the intestinal

lymph flow and pressure in the gut by absorption of fat directly to

the portal blood stream, has been shown to be a valid option for

patients with primary intestinal lymphangiectasis [59], and has

also be used in patients with CC and CPL.

Octreotide, a somatostatin analog, is a therapeutic option if

chylothorax persists after a failed trial of exclusive TPN or MCT

diet. Given subcutaneously or intravenously it is thought to have a

direct effect on the vascular somatostatin receptor level with

vasoconstriction of the splanchnic circulation, thereby decreasing

chyle production, intestinal lymphatic volume and flow in the

thoracic duct [60]. Treatment trials with Octreotide for patients

with CPL and CC are only reported in uncontrolled case studies

[41,60–62] with no clear and consistent effect on pleural effusions.

Adverse side effects like gastrointestinal intolerance or transient

hypothyroidism have to be considered. In one study pulmonary

hypertension was described as a common problem in neonates

with CC treated with intravenous Octreotide [60]. A multicenter

randomized controlled trial is needed to assess the efficacy and

safety of Octreotide in CC and CPL [63].

An interesting new therapeutic medical agent for lymphatic

malformations might be Sirolimus, an orally given immunosup-

pressive drug with antiangiogenic and antiproliferative properties.

Recently, it has been reported as being successful in treating

complicated, life-threatening non-proliferative vascular anomalies

in 6 patients with an age ranging from 7 months to 14 years, having

mainly microcystic lymphatic malformations and visceral chylous

effusions [64]. To our knowledge it has not yet been reported in

treating CPL. Just recently we successfully used Sirolimus for the

first time to treat a neonate with trisomy 21, CC and histologically

proven CPL after attempts to treat with TPN, MCTs, and Octreotide

had failed to consolidate chylous effusions (unpublished observa-

tion). Another treatment approach that might be considered in CPL

and refractory CC is chemical pleurodesis with intrapleural

instillation of different agents like OK-432 [65], minocycline

[66], povidone -iodine [67], and autologous blood [46], inducing an

inflammatory response in the pleural cavity leading to pleural

fibrosis and sclerosis.

Finally surgical interventions such as pleurectomy and pleur-

odesis or thoracic duct ligation may be worth considering in

Figure 4. High-Resolution CT of thorax of the same patient [55].

Bilateral streaky, patchy parenchymal consolidation areas suggesting interstitial infiltrates.
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extreme cases when all conservative treatment trials are failing to

minimize further lung injury from prolonged mechanical ventila-

tion [68].

GENETIC COUNSELING

Pulmonary lymphangiectasis is heterogeneous and most cases

occur sporadically [2,3,28]. A male preponderance has been

reported [2,28]. PL can be associated with chromosomal anomalies

including Turner, Down and Phelan McDermid Syndrome

[28,50,69]. Therefore a chromosomal disorder should be ruled

out by array-CGH analysis on a high resolution platform (Table 1).

In the primary pulmonary form of lymphangiectasis disease is

confined to the lungs like in CPL (OMIM 265300) or Njolstad

syndrome (OMIM 236750). The genetic background of these

syndromes is unknown but rare recurrence in siblings suggests an

autosomal-recessive or X-linked recessive inheritance [55,70,71].

Dominant inheritance with reduced penetrance has also been

discussed [28]. There are syndromic forms where PL is associated

with multiple unrelated congenital anomalies. In this category the

RASopathies (Noonan syndrome, Cardio-Facio-Cutaneous syn-

drome, Costello syndrome) constitute a major part [2,28,68] and

patients should be evaluated clinically for signs of these

syndromes. If a RASopathy phenotype is suspected, a genetic

evaluation should be performed to confirm the diagnosis on a

molecular basis. PL can be part of generalized lymphatic dysplasia

like in Hennekam syndrome (OMIM 235510), therefore intestinal

involvement should be ruled out. If there are signs of intestinal

lymphangiectasis, we recommend testing for mutations in CCBE1,

the only gene known to date for Hennekam syndrome [71].

Because the clinical diagnosis of Nonne-Milroy disease (OMIM

153100) or lymphedema associated with distichiasis (153400) can

be very difficult due to variable gene expression [40,72], mutation

analysis of VEGFR3 (FLT4) and FOXC2 should be considered in cases

where clinical evaluation does not support one of the other above

mentioned rare syndromes.

CONCLUSION

With the advances in perinatal care, including several preven-

tive and therapeutic options to manage respiratory insufficiency,

CPL, especially in the primary form, is now more frequently

diagnosed and associated with even long-term-survival. Diagnosis

is based on the clinical picture, multimodal imaging and open-lung

biopsy, the latter still being the gold standard for the definitive

diagnosis. Despite decreased mortality, morbidity may still be high

and interdisciplinary long-term follow up is necessary. Most CPL

cases are sporadic with male predominance but one should always

consider an underlying syndrome and in most cases consult a

geneticist.

Acknowledgement

We thank Dr.Barbara Guertl-Lackner from the Institute of

Pathology, Medical University of Graz, for providing the histologi-

cal image.

References

[1] Noonan JA, Walters LR, Reeves JT. Congenital pulmonary lymphangiectasis. Am

J Dis Child 1970;120:314–9.
[2] Bellini C, Boccardo F, Campisi C, Bonioli E. Congenital pulmonary lymphan-

giectasia. Orphanet J Rare Dis 2006;1:43.
[3] Esther Jr CR, Barker PM. Pulmonary lymphangiectasia: Diagnosis and clinical

course. Pediatr Pulmonol 2004;38:308–13.
[4] Connell FC, Gordon K, Brice G, et al. The classification and diagnostic algorithm

for primary lymphatic dysplasia: an update from 2010 to include molecular
findings. Clin Genet 2013;84:303–14.

[5] Virchow R. Gesammelte Abhandlungen zur wissenschaftlichen Medicin.
Frankfurt: Meidinger Sohn u. Co.,1856.

[6] Fronstin MH, Hooper GS, Besse BE, Ferreri S. Congenital pulmonary cystic
lymphangiectasis. Case report and a review of 32 cases. Am J Dis Child

1967;114:330–5.
[7] Brown MD, Reidbord HE. Congenital pulmonary lymphangiectasis. Am J Dis

Child 1967;114:654–7.
[8] Giedion A, Muller WA, Molz G. Angeborene Lymphangiektasie der Lungen.

Eine radiologisch erkennbare Ursache des Atemnotsyndroms beim Neugebor-
enen. Helv Paediatr Acta 1967;22:170–80.

Table 1

Syndromes in which pulmonary lymphangiectasis has been described

Syndrome Inheritance Gene / chromosome OMIM catalog

Turner 45,X

Down 47,+21

Phelan McDermid 22q13.3 deletion or SHANK3 mutation

Njolstad AR or XR unknown 236750

primary congenital pulmonary lymphangiectasis AR or XR unknown 265300

Noonan AD PTPN11, KRAS, SOS1, RAF1 and others 163950, 190070,182530, 164760

Cardio-facio-cutaneous AD BRAF,KRAS,MAP2K1, MAP2K2 115150

Costello AD HRAS 190020

Hennekam AR CCBE1 and unknown 235510

Nonne-Milroy lymphedema AD FLT4 (VGFR3) 153100

lymphedema-distichiasis AD FOXC2 153400

Yellow nail AD FOXC2 and unknown 153300

hypotrichosis-lymphedema-telangiectasia AR SOX18 607823

Lymphedema-Hypoparathyroidism AR or XR unknown 247410

Urioste AR or XR unknown 235255

Lymphedema hypoparathyroidism AR or XR unknown 247410

German AR unknown 231080

Opitz G/BBB XR MID1 300552

AR = autosomal recessive; AD = autosomal dominant, XR = X-chromosomal recessive, OMIM1 = Online Mendelian Inheritance in Men

PRACTICE POINTS

� Severe neonatal onset of CPL is not necessarily associated

with a fatal course of the disease

� Gold standard of diagnosis is still lung biopsy with

subsequent immuno-histochemical staining applying

antibodies specific for lymphatic vessels

� An interesting new therapeutic medical agent for lym-

phatic malformations might be Sirolimus reported as

being successful in treating complicated, life-threatening

non-proliferative vascular anomalies

F. Reiterer et al. / Paediatric Respiratory Reviews 15 (2014) 275–280 279

http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0005
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0005
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0010
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0010
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0015
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0015
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0020
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0020
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0020
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0030
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0030
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0030
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0035
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0035
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0040
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0040
http://refhub.elsevier.com/S1526-0542(14)00073-6/sbref0040


[9] Singleton EB. Respiratory distress syndrome. Progr Pediat Radiol 1967;1:109–34.
[10] Theros EG, Ishak BW. An exercise in radiologic-pathologic correlation. Radiol-

ogy 1967;89:747–52.
[11] Carter RW, Vaughn HM. Congenital pulmonary lymphangiectasis. Report of a

case with roentgen findings. Am J Roentgenol Radium Ther Nucl Med

1961;86:576–8.
[12] Frank J, Piper PG. Congenital pulmonary cystic lymphangiectasis. J Am Med

Assoc 1959;171:1094–8.
[13] Heumann G, Korn R, Levy-Silagy J. A propos d’un cas de lymphangiectasies

pulmonaires congenitales. Arch Franc Pediat 1960;17:1012–23.
[14] Javett SN, Webster I, Braudo JL. Congenital dilatation of the pulmonary

lymphatics. Pediatrics 1963;31:416–25.
[15] Laurence KM. Congenital pulmonary cystic lymphangiectasis. J Pathol Bacteriol

1955;70:325–33.
[16] Le Tan-Vinh, Vutrieu Dong Le. Congenital pulmonary lymphangiectasis and

metastatic cancerous pleuro-pulmonary lymphangitis in children. Arch Fr
Pediatr 1964: 21:165–182.

[17] Tucker AS. Lymphangiectasis: Benign and malignant. Amer J Roentgenol Radi-
um 1964;91:1104–13.

[18] Laurence KM. Congenital pulmonary lymphangiectasis. J Clin Path
1959;12:62–9.

[19] Giammalvo JT. Congenital lymphangiomatosis of lung:form of cystic disease;
report of case with autopsy findings. Lab Invest 1995;4:450–6.

[20] Arkoff RS. Congenital pulmonary lymphangiectasia. Calif Med 1968;109:
464–6.

[21] France NE, Brown RJ. Congenital pulmonary lymphangiectasis. Report of 11
examples with special reference to cardiovascular findings. Arch Dis Child
1971;46:528–32.

[22] Congenital pulmonary lymphangiectasis. Br Med J 1972; 1:395-396.
[23] Sweet EM. Causes of ‘‘delayed’’ respiratory distress in infancy. Proc R Soc Med

1977;70:863–6.
[24] Hunter WS, Becroft DMO. Congenital pulmonary lymphangiectasis associated

with pleural effusions. Arch Dis Child 1984;59:278–9.
[25] Scalzetti EM, Heitzman ER, Groskin SA, Randall PA, Katzenstein AL. Develop-

mental lymphatic disorders of the thorax. Radiographics 1991;1:1069–85.
[26] Hagmann C, Berger TM. Images in clinical medicine. Congenital pulmonary

lymphangiectasia. N Engl J Med 2003;349:e21.
[27] Chung CJ, Fordham LA, Barker P, Cooper LL. Children with congenital pulmo-

nary lymphangiectasia: after infancy. Am J Roentgenol 1999;173:1583–8.
[28] Bouchard BS, Di Lorenzo M, Youssef S, Simard P, Lapierre JG. Pulmonary

lymphangiectasia revisited. J Pediatr Surg 2000;35:796–800.
[29] Scott C, Wallis C, Dinwiddie R, Owens C, Coren M. Primary pulmonary

lymphangiectasis in a premature infant: resolution following intensive care.
Pediatr Pulmonol 2003;35:405–6.

[30] Hoehn T, William M, McPhaden AR, Stannigel H, Mayatepek E, Wadsworth RM.
Endothelial, inducible and neuronal nitric oxide synthase in congenital pul-
monary lymphangiectasis. Eur Respir J 2006;27:1311–5.

[31] Satria MN, Pacheco-Rodriguez G, Moss J. Pulmonary lymphangiomatosis.
Lymphat Res Biol 2011;9:191–3.

[32] Gupta K, Das A, Menon P, Kakkar N, Rao KL, Joshi K. Revisiting the histopatho-
logic spectrum of congenital pulmonary developmental disorders. Fetal Pediatr
Pathol 2012;31:74–86.

[33] Delabaere A, Laurichesse-Delmas H, Varlet MN, Clemenson A, Dechelotte PJ,
Beaufrere AM, et al. Recurrent congenital pulmonary lymphangiectasia. Ultra-
sound Obstet Gynecol 2008;31:476–81.

[34] Oliver G. Lymphatic vasculature development. Nat Rev Immunol 2004;4:35–45.
[35] Sabin FR. On the origin of the lymphatic system from the veins, and the

development of the lymph hearts and thoracic duct in the pig. Am J Anat

1902;1:367–89.
[36] Sabin FR. On the development of the superficial lymphatics in the skin of the

pig. Am J Anat 1904;3:183–95.
[37] Mettauer N, Agrawal S, Pierce C, Ashworth M, Petros A. Outcome of children

with pulmonary lymphangiectasis 2009; 44: 351-357.
[38] Dempsey EM, Sant́ Anna GM, Williamas RL, Brouillete RT. Congenital pulmo-

nary lymphangiectasia presenting as nonimmune fetal hydrops and severe
respiratory distress at birth: not uniformly fatal. Pediatr Pulmono
2005;40:270–4.

[39] Finder J, Steinfeld J. Congenital pulmonary lymphangiectasia. N Engl J Med
2004;350(9):948.

[40] De Bruyn G, Casaer A, Devolder K, et al. Hydrops fetalis and pulmonary lam-
phyngiectasia due to FOXC2 mutation: an autosomal dominant hereditary
lymphedemasyndromewithvariableexpression.Eur J Pediatr 2012;171:447–50.

[41] Bellini C, Massimo M, Ariono C, et al. Hennekam syndrome presenting as
nonimmune hydrops fetalis, congenital chylothorax, and congenital pulmo-
nary lymphangiectasia. Am J Med Genet 2003;120A:92–6.

[42] Kirchner J, Jacobi V, Schneider M, Wagner R. Primary congenital pulmonary
lymphangiectasia- a case report. Wien Klin Wochenschr 1997;109:922–4.

[43] Barker PM, Esther CR, Fordham LA, Maygarden SJ, Funkhouser WK. Primary
pulmonary lymphangiectasia in infancy and childhood. Eur Resp J 2004;24:
413–9.

[44] Chung CJ, Fordham LA, Barker P, Cooper LL. Children with congenital pulmo-
nary lymphangiectasia after infancy. Am J Roentgenol 1999;173:1583–98.

[45] Akcakus M, Koklu E, Bilgin M, et al. Congenital pulmonary lymphangiectasia in
a newborn: a response to autologous blood therapy. Neonatology 2007;91:
256–9.

[46] Faul JL, Berry GJ, Colby TV, Ruoss SJ, Walter MB. Thoracic lymphangiomas,
lymphangiectasis, lymphangiomatosis, and lymphatics dysplasia syndrome.
Am J Resp Crit Care Med 2000;161:1037–46.

[47] Eom M, Choi YD, Kim YS, Cho M-Y, Jung S-H, Lee HY. Clinico-pathological
characteristics of congenital pulmonary lymphangiectasis: report of two
cases. J Korean Med Sci 2007;22:740–5.

[48] Rutigliani M, Boccardo F, Campisi C, Bonioli E, Fulcheri E, Bellini C. Immuno-
histochemical studies in a hydropic fetus with pulmonary lymphangiectasia
and trisomy 21. Lymphology 2007;40:114–21.

[49] Bellini C, Mazzella M, Campisi C, et al. Multimodal imaging in the congenital
pulmonary lymphangiectasia-congenital chylothorax-hydrops fetalis contin-
uum. Lymphology 2004;37:22–30.

[50] Moerman P, Vandenberghe K, Devlieger H, Van Hole C, Fryns J-P, Lauweryns
JM. Congenital pulmonary lymphangiectasis with chylothorax: a heteroge-
nous lymphatic vessel abnormality. Am J Med Genet 1993;47:54–8.

[51] Laje P, Wilson RD, Guttenberg M, Liechty KW. Survival in primary congenital
pulmonary lymphangiectasia with hydrops fetalis. Fetal Diagn Ther
2008;24:225–9.

[52] Nygaard U, Sundberg K, Nielsen HS, Hertel S, Jorgensen C. New treatment of
early fetal chylothorax. Obstet Gynecol 2007;109:1088–92.

[53] Leung VKT, Suen Stephen SH, Ting YH, Law LW, Lau TK, Leung TY. Intrapleural
injection of OK-432 as the primary in-utero treatment for fetal chylothorax.
Hong Kong Med J 2012;18:156–9.

[54] Großauer K, Reiterer F, Kutschera J, Pfleger A, Urlesberger B, Müller W.
Intrauterin geshunteter bilateraler Hydrothorax und kongenitale pulmonale
Lymphangiektasie (PL) bei einem Frühgeborenen. Klin Padiatr 2010;222:S71.

[55] Wilson RD, Pawel B, Bebbington M, et al. Congenital pulmonary lymphan-
giectasis sequence: a rare, heterogeneous, and lethal etiology for prenatal
pleural effusion. Prenata Diagn 2006;26:1058–61.

[56] Miyoshi T, Katsuragi S, Ikeda T, et al. Retrospective review of thoracoamniotic
shunting using a double-basket catheter for fetal chylothorax. Fetal Diagn Ther

2013;34:19–25.
[57] Yamamoto M, Insunza A, Carillo J, Caicedo LA, Paiva E, Ville Y. Intrathorac

pressure in congenital chylothorax: keystone for the rationale of thoracoam-
niotic shunting ? Fetal Diagn Ther 2007;22:169–71.
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