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RESUME 

 

Objectifs : Anatomie descriptive des ligaments pulmonaires sup�rieurs (LPS) 

et d�tail des sites de connexion syst�mique des retours veineux pulmonaires 

anormaux (RVPA) des lobes sup�rieurs. Recherche de similitudes entre les sites 

dÕattache m�diale des LPS et les abouchements syst�miques des RVPA. 

 

Mat�riels et M�thodes : LÕanalyse des LPS a �t� faite sur 100 scanners 

thoraciques normaux cons�cutifs dÕadultes. LÕ�tude des RVPA sÕest faite sur 62 

examens TDM acquis entre 1990 et 2013. La nomenclature de Boyden et la m�me 

grille de rep�rage topographique du m�diastin ont �t� utilis�es dans les deux �tudes.  

 

R�sultats : Des LPS �taient visibles chez 94 patients (94%), bilat�raux (n=62 ; 

66%) ou unilat�raux (n=32 ; 34%), � raison de 3,59 ± 2,20 par patient. Sur 337 LPS 

observ�s, 257 �taient consid�r�s comme principaux parmi lesquels 61 (24%) �taient 

associ�s � au moins un autre LPS dit secondaire (n=80). Dans le lobe sup�rieur droit 

(LSD) (n=113 ; 33,5%), 76% (53/70) des LPS de S1D et 40% (11/33) de ceux de 

S2D rejoignaient la veine cave sup�rieure (VCS). En S3D, ils ne sÕattachaient pas � 

des structures vasculaires. Dans le lobe sup�rieur gauche (LSG) (n=224 ; 66,5%), 

56% (54/97) des LPS de S1G, 67% (33/49) de ceux de S2G, 100% (2/2) de ceux de 

S3G et 58% (21/36) de ceux de S4G allaient vers lÕart�re pulmonaire (AP). En S5G, 

62,5% (25/40) des LPS sÕattachaient � lÕauricule gauche. Les 46 RVPA du LSD 

prenaient 3 configurations : aV1D (n=16), aV2D (n=9) et aV1+2+3D (n=21). Les 54 
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RVPA du LSG prenaient 7 configurations : aV1G (n=15), aV2G (n=7), aV4G (n=12), 

aV5G (n=1), aV1+2+3G (n=15), aV2+3+4G (n=2) et aV1+2+3+4+5G (n=2). Des deux 

c�t�s, les sites dÕabouchement syst�mique des RVPA les plus fr�quents et ceux des 

attaches m�diales des LPS des segments correspondant �taient semblables, � 

lÕexception de S5G. Les sites pr�dominants de connexion syst�mique de aV1+2+3D, 

aV1+2+3G, aV2+4+5G et aV1+2+3+4+5G concordaient avec ceux des attaches 

m�diales des LPS de S1D, S1G, S2G et S1G, respectivement. 

 

Conclusion : Les LPS sont fr�quemment visibles, plus volontiers dans le LSG 

o� ils relient les veines pulmonaires au m�diastin pr�s de lÕAP, au niveau o� les 

RVPA sÕabouchent le plus souvent � une veine verticale anormale. Dans le LSD, les 

LPS sÕattachent � la VCS au niveau o� sÕabouchent souvent les RVPA. Cette 

similitude sugg�re que les LPS sont des vestiges de communications splanchno-

cardinales pr�sentes chez lÕembryon. 

  



 

 16 

 

PREMIERE PARTIE : RATIONNEL DE LÕETUDE 

 

I. INTRODUCTION 

 

En raison des am�liorations technologiques continues dans le domaine de la 

tomodensitom�trie, en termes de r�solution spatiale initialement puis en termes de 

r�solution temporelle, certaines structures tr�s fines peuvent d�sormais �tre 

observ�es de mani�re nette. Cette aptitude � discriminer de tr�s petits �l�ments est 

notamment mise � profit lors de lÕexamen tomodensitom�trique du thorax dont la 

s�miologie repose sur des l�sions �l�mentaires de petite dimension telles que les 

r�ticulations et �paississements des parois septales dans le cadre par exemple des 

pathologies infiltratives diffuses du poumon. 

 

A. Les ligaments pulmonaires sup�rieurs 

 

1. D�finition  

 

Lors dÕun examen tomodensitom�trique thoracique, le radiologue peut �tre 

interpel� par lÕexistence de fines lignes dÕhyperatt�nuation limit�es m�dialement par 

le m�diastin et lat�ralement par une veine pulmonaire. Ces formations lin�aires sont 
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fr�quemment observables y compris sur des examens normaux et ne sont pas 

consid�r�es comme des �paississements de parois septales ; tout signe de 

pathologie infiltrative diffuse �tant par ailleurs absent.  

En 1992, lÕ�tude de Berkmen et coll. (1) rapporte lÕexistence de telles structures 

au sein des lobes inf�rieurs � proximit� du ligament pulmonaire et confronte les 

observations tomodensitom�triques aux constatations anatomiques et histologiques. 

Berkmen sugg�re alors que ces structures puissent correspondre en r�alit� � des 

septums intersegmentaires.  Il mentionne par ailleurs avoir �galement observ� des 

structures lin�aires semblables au sein des lobes sup�rieurs.  

En se r�f�rant aux classifications de Boyden (2) et de Jackson et Huber (3), on 

note lors de lÕanalyse de scanners thoraciques r�alis�s en routine clinique que ces 

fines lignes dÕhyperatt�nuation peuvent par exemple relier le m�diastin � V2D ou 

veine pulmonaire ant�rieure, r�alisant ainsi un plan horizontal situ� plusieurs coupes 

au-dessus de la petite scissure et ne pouvant pas correspondre � un plan 

intersegmentaire, S2D ou segment ant�rieur du lobe sup�rieur droit �tant limit� � sa 

face inf�rieure et s�par� du lobe moyen par la petite scissure (Figure 1).  

Il faut donc distinguer dÕune part les septums intersegmentaires connect�s aux 

veines pulmonaires intersegmentaires, ces derni�res servant de rep�res au 

chirurgien thoracique au cours des segmentectomies, et dÕautre part les lignes 

dÕhyperatt�nuation connectant les veines pulmonaires intrasegmentaires au 

m�diastin, nÕ�tant pas situ�es � lÕinterface entre deux segments 

bronchopulmonaires. 

Par analogie entre lÕapparence tomodensitom�trique de ces derni�res et celle 

du ligament pulmonaire d�crit par Berkmen (1), nous avons choisi de les nommer 

Ç ligaments pulmonaires sup�rieurs È. 
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Figure 1. Reconstruction multiplanaire coronale dÕun scanner thoracique sans 

injection de produit de contraste (kernel i50). Cette reconstruction met en 

�vidence dÕune part un court ligament pulmonaire sup�rieur (petites fl�ches) reliant le 

m�diastin (ast�risque) � V2D et dÕautre part la petite scissure (t�tes de fl�che) 

s�parant S2D � sa face sup�rieure de S4D et S5D � sa face inf�rieure. Le ligament 

pulmonaire sup�rieur d�sign� ne constitue donc pas un septum intersegmentaire. 
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2. Visualisation  

 

a. Fr�quence  

 

Plus r�cemment, Sasaki et coll. (4) ont �galement travaill� sur ces structures en 

d�crivant notamment la fr�quence � laquelle elles ont pu �tre rencontr�es, attach�es 

aux veines pulmonaires intrasegmentaires, sur une s�rie de 120 patients. Ainsi, 

toujours en se r�f�rant � la nomenclature de Jackson et Huber (3) et � celle de 

Boyden (2), les ligaments pulmonaires sup�rieurs seraient plus fr�quemment 

rencontr�s au sein des segments apical (S1D) (Figure 2) et ant�rieur (S2D) du lobe 

pulmonaire sup�rieur droit et aux segments  apico-post�rieur (S1+3G), ant�rieur 

(S2G) et inf�rieur (S5G) du lobe pulmonaire sup�rieur gauche, confirmant ainsi 

lÕobservation de Berkmen (1) concernant les lignes dÕhyperatt�nuation visibles au 

niveau des lobes pulmonaires sup�rieurs (Tableau 1). 
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Figure 2. Coupe axiale dÕun scanner thoracique sans injection de produit de 

contraste (kernel i50). Un ligament pulmonaire sup�rieur est bien visible, limit� � 

son extr�mit� veineuse par le rameau ant�rieur de la veine pulmonaire du segment 

apical du lobe sup�rieur droit (V1bD) et � son extr�mit� m�diastinale par la veine 

cave sup�rieure sus-azygotique. 
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Segments broncho-pulmonaires Visualisation des ligaments pulmonaires sup�rieurs (4) 

Jackson et Huber (3) Boyden (2) n = Ratio 

Lobe sup�rieur droit    

       Apical S1D 92/120 77 % 

       Ant�rieur S2D
 

43/120 36 % 

       Post�rieur S3D
 

2/120 2 % 

Lobe moyen    

       Lat�ral S4D 0/120 0 % 

       M�dial S5D 80/120 67 % 

Lobe inf�rieur droit    

       Sup�rieur S6D 17/120 14 % 

       M�diobasal S7D 12/120 10 % 

       Ant�robasal S8D 0/120 0 % 

       Lat�robasal S9D 0/120 0 % 

       Post�robasal S10D 27/120 23 % 

Lobe sup�rieur gauche    

   Culmen     

       Apicodorsal S1+3G 89/120 74 % 

       Ant�rieur S2G
 

72/120 60 % 

   Lingula    

       Sup�rieur S4G 23/120 19 % 

       Inf�rieur S5G 64/120 53 % 

Lobe inf�rieur gauche    

       Sup�rieur S6G 6/120 5 % 

       Ant�rom�diobasal S7+8G 9/120 8 % 

       Lat�robasal S8G 0/120 0 % 

       Post�robasal S10G 41/120 34 % 

 

Tableau 1. Nomenclatures de lÕanatomie segmentaire bronchopulmonaire. La 

fr�quence de visualisation des ligaments pulmonaires sup�rieurs au sein de chaque 

segment bronchopulmonaire rapport�e par Sasaki et coll. (4) est indiqu�e dans les 

colonnes de droite. 
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b. Param�tres influen�ant leur visualisation  

 

i. Param�tres physiologiques 

 

Les facteurs influen�ant la visualisation des septums intersegmentaires ont �t� 

analys�s par Zuo et coll. (5). Cinq principaux param�tres ont ainsi �t� identifi�s : 

- lÕ�paisseur des plans intersegmentaires influe directement sur leur 

d�tectabilit�  en tomodensitom�trie haute r�solution ; 

- une forte teneur en eau, �valu�e sur lÕintensit� du signal T2 en IRM 7 

Teslas, sÕaccompagne dÕune moins bonne visibilit� de ces structures ; 

- les variantes anatomiques des veines pulmonaires intersegmentaires 

peuvent emp�cher la visualisation des septums qui leur sont attach�s ; 

- une distance trop faible s�parant les extr�mit�s m�diastinale et veineuse 

des septums intersegmentaires emp�che �galement leur d�tection ; 

- certaines conditions pathologiques telles quÕun �panchement pleural font 

appara�tre les septums intersegmentaires plus �pais et les rendent 

visibles sur une plus importante longueur. 

Bien que Zuo mentionne lÕexistence de lignes dÕhyperatt�nuation observ�es 

entre les veines pulmonaires intrasegmentaires et le m�diastin, cÕest-�-dire les 

ligaments pulmonaires sup�rieurs, il ne leur attribue pas de lien avec la 

syst�matisation segmentaire du poumon. 

A notre connaissance, aucune �tude ne sÕest int�ress�e aux param�tres 

influen�ant la visualisation des ligaments pulmonaires sup�rieurs. Leur grande 

similitude tomodensitom�trique avec les septums intersegmentaires peut laisser 

supposer le caract�re commun de certains des facteurs rapport�s par Zuo. 
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ii. Param�tres dÕacquisition 

 

LÕ�tude tomodensitom�triques dÕ�l�ments aussi fins que les ligaments 

pulmonaires sup�rieurs est rendue possible par dÕexcellentes r�solutions spatiale et 

temporelle. 

La r�solution spatiale correspond � la plus petite distance individualisable entre 

deux points. Elle est limit�e par la taille des d�tecteurs constituant le scanner, ou 

collimation. Actuellement, une �paisseur nominale de coupe inframillim�trique (0,6 

mm) est courante en routine clinique et permet par cons�quent lÕobservation de 

structures pr�sentant cet ordre de grandeur. 

N�anmoins, une structure pr�sentant une �paisseur inframillim�trique peut 

sÕeffacer en raison du flou cin�tique si elle est mobile lors de lÕacquisition. Le 

d�placement dÕune structure en imagerie thoracique peut sÕeffectuer du fait des 

mouvements respiratoires, supprim�s par lÕapn�e du patient, ou encore du fait des 

mouvements de battements cardiaques et de pulsatilit� des gros vaisseaux. Une 

am�lioration de la r�solution temporelle, cÕest-�-dire une diminution du temps 

n�cessaire � lÕacquisition dÕune coupe, sÕaccompagnera dÕune r�duction des 

artefacts de battement cardiaque, sans pour autant devoir recourir � une acquisition 

synchronis�e � lÕ�lectrocardiogramme. En effet, une structure mobile parcourra une 

distance moindre lors de lÕacquisition de la coupe au sein de laquelle elle se situe si 

le temps n�cessaire � r�aliser cette coupe est raccourci (6). 

Enfin, lÕacquisition tomodensitom�trique sÕeffectuant sur le mode h�lico�dal, la 

table sur laquelle est install� le patient avance lors de lÕexamen, impliquant le fait 

quÕune structure mobile se sera d�plac�e au fur et � mesure quÕelle sera explor�e 

sur sa hauteur. Afin que le d�calage entre son extr�mit� sup�rieure et son extr�mit� 

inf�rieure soit le plus faible possible, il est n�cessaire que lÕexploration sÕeffectue sur 
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toute sa hauteur le plus rapidement possible. Ce param�tre est conditionn� par (a) le 

nombre de coupes acquises simultan�ment lors dÕune m�me rotation du tube, cÕest-

�-dire par le nombre de rang�es de d�tecteurs (Ç barrettes È), (b) la hauteur que 

couvre chaque rang�e de d�tecteurs (�paisseur nominale de coupe, 

inframillim�trique) et (c) la vitesse dÕavanc�e de la table dÕexamen. Ces trois 

variables sont regroup�s dans un facteur nomm� Ç pitch È, repr�sentant le rapport 

entre la distance parcourue par la table dÕexamen en une rotation du tube et la 

hauteur du volume �tudi� explor�e pendant cette dur�e. Un pitch �lev� permet par 

cons�quent de r�duire le d�placement des structures explor�es dans le temps selon 

lÕaxe cr�niocaudal. 

Depuis 2006 (7,8), lÕapparition du scanner double source, pr�sentant deux 

tubes � rayons X �mettant des faisceaux sensiblement orthogonaux lÕun par rapport 

� lÕautre, permet de diviser par deux la r�solution temporelle et doubler le pitch : 

lÕaugmentation de la vitesse dÕacquisition (du pitch) sÕaccompagne de la perte dÕune 

partie des donn�es obtenues par un tube, mais qui est compens�e par celles 

recueillies par le second (9). Ainsi, les scanners double source de troisi�me 

g�n�ration r�cemment commercialis�s permettent dÕexplorer par exemple les fins 

ligaments pulmonaires sup�rieurs avec une r�solution spatiale de 0,3 mm, une 

r�solution temporelle de 66 ms et un pitch de 3 en routine clinique (10), contre une 

r�solution temporelle de 135 ms et un pitch de 1,5 sur les scanners simple source 

actuels. 
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3. Description  

 

a. Aspect tomodensitom�trique  

 

Dans la litt�rature, les septums interlobulaires ont fait lÕobjet de multiples 

publications, notamment dans le cadre des pathologies infiltratives diffuses du 

poumon (11). On trouve �galement plusieurs travaux traitant des septums 

intersegmentaires et de leur int�r�t potentiel dans la planification des 

segmentectomies (5,12). En revanche, � notre connaissance, le seul article 

sÕint�ressant aux ligaments pulmonaires sup�rieurs reconnus comme tels est celui 

de Sasaki et coll.  en 2012 (4). 

La description des ligaments pulmonaires sup�rieurs par Sasaki comme des 

structures dÕallure septale connect�es au m�diastin m�dialement et aux veines 

pulmonaires lat�ralement, est concordante avec la d�finition des ligaments 

pulmonaires sup�rieurs que nous proposons. Le m�me auteur d�crit plusieurs 

attaches m�diastinales possibles aux ligaments pulmonaires sup�rieurs selon les 

veines pulmonaires auxquelles ils sont attach�s. Ainsi � droite, ceux attach�s � V1D 

se connectent � la r�gion paratrach�ale droite ou au bord lat�ral de la veine cave 

sup�rieure ; ceux en rapport avec V2D rejoignent le bord droit du m�diastin 

ant�rieur ; ceux issus de V5D sÕattachent au bord droit du cÏur et ceux venant de 

S10D  sont connect�s � la veine cave inf�rieure ou � la r�gion para-Ïsophagienne. 

A gauche, les ligaments pulmonaires sup�rieurs connect�s � V1+3G sÕattachent au 

bord lat�ral de la fen�tre aortopulmonaire ou � la crosse aortique ; ceux issus de 

V2G sont reli�s au bord gauche du m�diastin ant�rieur ; ceux attach�s � V5G sont 
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connect�s au bord gauche du cÏur et ceux de V10G rejoignent le bord lat�ral de 

lÕaorte descendante ou la r�gion para-Ïsophagienne. 

Enfin, Sasaki (4) indique la possibilit� dÕobserver au sein des ligaments 

pulmonaires sup�rieurs un contingent graisseux en continuit� avec la graisse 

m�diastinale, sugg�rant une potentielle communication entre le poumon et le 

m�diastin (Figures 3 et 7-c.). 

  

 

 

Figure 3. Coupe axiale dÕun scanner thoracique sans injection de produit de 

contraste (kernel i26). La graisse m�diastinale (ast�risque) au contact de lÕart�re 

pulmonaire gauche sÕinsinue au sein dÕun ligament pulmonaire sup�rieur (t�tes de 

fl�che) d�pendant de V1+3G. 
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b. Histologie  

 

LÕhistologie des septums intersegmentaires dont lÕaspect tomodensitom�trique 

est proche de celui des ligaments pulmonaires sup�rieurs a �t� �tudi�e par Berkmen 

(1).  Bien que plus �pais, les septums intersegmentaires pr�sentent une architecture 

similaire � celle des septums interlobulaires et se pr�sentent comme des trav�es de 

tissu conjonctif l�che parcourues de veinules et de vaisseaux lymphatiques mais ne 

contenant aucune cellule m�soth�liale (Figure 4). LÕ�tude histologique confirmait par 

ailleurs  lÕattache de ces septums aux veines pulmonaires intersegmentaires. Zuo et 

coll. (5), mesurent lÕ�paisseur de ces septums intersegmentaires � 681,3 ± 75,3 µm 

ce qui repr�sente un ordre de grandeur proche de la r�solution spatiale utilis�e lors 

des examens tomodensitom�triques en routine clinique. 

 Bien quÕils ne soient pas d�sign�s comme tels, une analyse histologique des 

ligaments pulmonaires sup�rieurs est propos�e dans le travail de Verbeken et coll. 

(13)  d�taill� ci-apr�s et appara�t similaire � celle des septums intersegmentaires 

rapport�e par Berkmen (Figure 6). 
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Figure 4. Coupe histologique dÕun septum intersegmentaire. (a.) Objectif x 4, 

coloration h�matoxyline-�osine. Le septum intersegmentaire appara�t comme une 

trav�e de tissu conjonctif (fl�ches) sÕattachant � une veine pulmonaire (t�tes de 

fl�che). Des septums interlobulaires (fl�ches vides), apparaissant plus fins, 

convergent �galement vers la veine pulmonaire. (b.) Objectif x 25, coloration 

h�matoxyline-�osine. Un plus fort grossissement de la structure reproduite en (a) 

montre la pr�sence de veinules (fl�ches) et de vaisseaux lymphatiques (t�tes de 

fl�che) au sein des trav�es de tissu conjonctif. (dÕapr�s (1)). 
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c. Formation et organisation  

 

La formation et lÕorganisation des structures dÕallure septale ont �t� �tudi�es et 

d�crites en d�tail par Verbeken et coll. (13). En effet, il semblerait que la formation 

des septums pulmonaires suive une g�om�trie fractale. Chaque nouvelle g�n�ration 

bronchique sÕeffectue de mani�re dichotomique, aboutissant � deux bronches 

situ�es dans un plan perpendiculaire � celui form� par sa bronche m�re et la 

bronche de m�me g�n�ration qui lui est associ�e.  

Entre deux bronches sÏurs, un septum Ç dÕembranchement È de forme 

triangulaire � sommet hilaire va se constituer au sein du m�senchyme pulmonaire 

(Ç branching septum È). Ce septum dÕembranchement est limit� par les deux 

bronches sÏurs de part et dÕautre et en distalit� par la ligne reliant leurs bifurcations 

en bronches de g�n�ration sup�rieure (entre lesquelles vont appara�tre de nouveaux 

septums dÕembranchement).  

Chaque septum dÕembranchement pr�sente en dehors des limites ainsi d�finies 

des Ç extensions septales È qui forment des plans constitu�s par les reliquats du 

m�senchyme pulmonaire en cours dÕinvolution (Ç extended septum È). La r�gression 

de ces extensions septales est souvent incompl�te, laissant ainsi appara�tre des 

formations dÕallure septale plus ou moins bien d�finies de part et dÕautre des 

bifurcations bronchiques  (Figure 5). 
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Figure 5. Mod�le de Verbeken expliquant lÕorganisation des septums au sein 

du parenchyme pulmonaire. Entre les bronches de g�n�ration B1 se d�finit un 

septum dÕembranchement (en bleu), de m�me quÕentre les bronches sÏurs de 

g�n�ration B2 issue de chacune des bronches B1. Chacun de ces septums se 

poursuit en dehors des limites impos�es par les bronches sÏurs et les nouvelles 

divisions bronchiques par des extensions septales qui pourront ne pas compl�tement 

involuer. Les veines pulmonaires cheminent au sein de ces extensions septales. Le 

plan de coupe A aboutit � la Figure 6.  (dÕapr�s (13)). 
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Par d�finition, les septums dÕembranchement sont limit�s par les bronches et 

les art�res pulmonaires qui les accompagnent. En revanche, les veines pulmonaires 

chemineront au sein des extensions septales, � �quidistance des axes 

art�riobronchiques. Ces deux syst�mes de septums dÕembranchement et 

dÕextensions septales se rejoignent en m�me temps que les vaisseaux pulmonaires 

au hile o� ils pr�sentent un point dÕorigine commun. Partant du hile, deux 

g�n�rations bronchiques sont n�cessaires pour que les extensions septales 

sÕindividualisent, ce qui correspond � la naissance des bronches segmentaires.  

 Le concept dÕextensions septales de Verbeken (13) permettrait dÕexpliquer la 

formation des ligaments pulmonaires sup�rieurs, situ�s en dehors des bifurcations 

bronchiques et dans le m�me plan que les veines pulmonaires. Ce mod�le montre 

�galement que du fait de leur tendance � involuer, les ligaments pulmonaires 

sup�rieurs sont inconstamment visualis�s, y compris lors de lÕexamen histologique 

(Figure 6).  

Les ligaments pulmonaires sup�rieurs correspondraient ainsi � des extensions 

septales, atteignant la surface m�diastinale du poumon. 

 

 

 

 



 

 32 

 

 

Figure 6. Coupe histologique (Objectif x 12,5 ; coloration h�matoxyline-�osine) 

et sch�ma de cette m�me coupe, correspondant au plan A sur le Figure 5. Les 

veines pulmonaires (V) cheminent dans le plan d�termin� par les extensions 

septales (pointill�s d�sign�s par des fl�ches), lÕune dÕentre elles ayant partiellement 

r�gress� (?). Les septums dÕembranchement (traits pleins d�sign�s par des t�tes de 

fl�che) sont situ�s entre les paires de bronches de g�n�ration B2 issues de deux 

bronches B1 sÏurs. Le plan des extensions septales passe par le milieu des 

septums dÕembranchement, cÕest-�-dire dans le prolongement du septum 

dÕembranchement de la g�n�ration de bronches B1 situ� en amont et est orient� 

perpendiculairement aux septums dÕembranchement de des bronches de g�n�ration 

B2. (dÕapr�s (13)) 
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B. Questions soulev�es par la visualisation des ligaments 

pulmonaires sup�rieurs en tomodensitom�trie thoracique 

 

1. Peuvent-ils �tre un moyen dÕattache du poumon au m�diastin ? 

 

a. Les moyens de fixation du poumon dans le thorax 

 

Physiologiquement, le poumon est solidaire de la paroi thoracique, du 

diaphragme et du m�diastin gr�ce � la pression n�gative r�gnant au sein de la cavit� 

pleurale, variant entre Ð 5 et  Ð 10 cm H2O au cours du cycle respiratoire (14). Les 

feuillets pleuraux pari�taux et visc�raux d�limitant la cavit� pleurale pr�sentent une 

ligne de r�flexion au pourtour des hiles au p�le inf�rieur desquels ils convergent. 

LÕaccolement des feuillets pleuraux ainsi r�alis� constituera le ligament pulmonaire 

inf�rieur qui sÕattachera � lÕh�mi-diaphragme homolat�ral, repr�sentant ainsi un 

moyen de fixit� suppl�mentaire du poumon. Les poumons sont enfin connect�s au 

m�diastin par les bronches ainsi que les vaisseaux bronchiques et pulmonaires. 

 

b. D�monstration de leur r�le dÕattache  

 

La r�alit� dÕune connexion physique entre le poumon et le m�diastin par le biais 

des ligaments pulmonaires sup�rieurs peut �tre suspect�e lorsque le radiologue se 

trouve confront� � des situations pathologiques au cours desquelles le poumon va 

tendre � se d�solidariser du m�diastin qui lui fait face.  
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En cas de pneumothorax, la pression n�gative au sein de la cavit� pleurale 

dispara�t et la coh�sion entre les feuillets m�diastinal et visc�ral nÕest plus assur�e. 

Les propri�t�s �lastiques du parenchyme pulmonaire aboutissent ainsi � une 

r�traction du poumon dont la surface va tendre � sÕ�loigner de la paroi thoracique, du 

diaphragme ou du m�diastin. En pratique, lors des examens tomodensitom�triques 

thoraciques r�alis�s pour �valuation de pneumothorax, il nÕest pas rare dÕobserver 

entre le poumon collab� et le m�diastin la pr�sence de structures lin�aires 

correspondant aux ligaments pulmonaires sup�rieurs et semblant constituer des 

attaches qui peuvent par ailleurs se rompre sous le poids du poumon (Figure 7). Ce 

r�le de fixation du poumon au m�diastin constitue un �l�ment suppl�mentaire 

permettant de distinguer les ligaments pulmonaires sup�rieurs des septums 

intersegmentaires. En effet, ces derniers sÕinterrompent � la surface du poumon et 

ne se poursuivent pas jusquÕau m�diastin ; ils ne peuvent donc pas �tre observ�s 

traversant la cavit� pleurale en cas de pneumothorax. 

 La visualisation de ces ligaments pulmonaires sup�rieurs dans le cadre de 

pneumothorax est inconstante ; Sasaki (4) rapportant une incidence de 38 % dans 

les pneumothorax gauches et 44 % en controlat�ral. Le m�me auteur rapporte quÕils 

sont plus fr�quemment observ�s entre S1D et la r�gion paratrach�ale droite, entre 

S2D ou S2G et le m�diastin ant�rieur, entre S1+3G et la fen�tre aortopulmonaire et 

entre les segments lobaires moyens ou lingulaires et les bords cardiaques. Cette 

r�partition topographique des attaches m�diastinales aux diff�rents segments  

pulmonaires est superposable � celle d�crite dans la population indemne de 

pneumothorax.   
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Figure 7. Coupes axiales de diff�rents scanners thoraciques chez trois patients 

souffrant de pneumothorax (kernel i50). (a.)  Ligament pulmonaire sup�rieur (t�tes 

de fl�che) reliant le lobe sup�rieur gauche au m�diastin (dÕapr�s (4)). (b.) Ligament 

pulmonaire sup�rieur (t�tes de fl�che) attachant V5G au m�diastin chez un second 

patient. (c.) Troisi�me patient pr�sentant un ligament pulmonaire sup�rieur (t�tes de 

fl�che) contenant de la graisse m�diastinale (ast�risque) et reliant V2G au m�diastin. 

(d.) Pneumothorax chez le m�me patient. Le lobe sup�rieur gauche r�tract� emporte 

la partie lat�rale du ligament pulmonaire sup�rieur (t�tes de fl�che blanches), 

laissant son extr�mit� m�diale attach�e au m�diastin (t�tes de fl�che noires). 
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 LÕautre situation pathologique au cours de laquelle le poumon va tendre � se 

r�tracter, faisant ainsi appara�tre le r�le de fixation des ligaments pulmonaires 

sup�rieurs, est repr�sent�e par les at�lectasies lobaires sup�rieures (Figure 8).  

 

 

 

Figure 8. Coupe axiale dÕun angioscanner thoracique montrant une at�lectasie 

lobaire sup�rieure gauche (kernel i26). Patient suivi pour un emphys�me s�v�re. 

Des valves endobronchiques culminales et lingulaires ont �t� mises en place, 

conduisant � une at�lectasie totale du lobe sup�rieur gauche qui demeure attach� au 

m�diastin par un ligament pulmonaire sup�rieur (t�tes de fl�che). 
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2. Comment se comportent-ils dans le cadre des pathologies 

infiltratives diffuses du poumon ? 

 

Lors dÕune maladie infiltrative diffuse du poumon � expression septale exclusive 

ou pr�dominante, les septums interlobulaires vont para�tre �paissis apr�s avoir �t� 

infiltr�s par du liquide interstitiel comme dans le cas de lÕÏd�me pulmonaire 

cardiog�nique, par du mat�riel fibrotique, ou encore par des cellules dans la cas de 

la lymphangite carcinomateuse (11). Ils apparaitront par cons�quent mieux visibles, 

sous la forme de lignes septales. 

La similitude des aspects tomodensitom�trique et histologique des ligaments 

pulmonaires sup�rieurs avec ceux des septums intersegmentaires et interlobulaires 

peut laisser supposer des changements comparables lorsque lÕhom�ostasie 

pulmonaire est modifi�e. En pratique quotidienne, les ligaments pulmonaires 

sup�rieurs sont volontiers confondus avec les �paississements septaux rencontr�s 

dans le cadre des pneumopathies infiltratives diffuses � expression septale. 

N�anmoins, lÕanalyse comparative dÕexamens tomodensitom�triques thoraciques 

r�alis�s chez le m�me patient pendant et � distance du processus pathologique 

permet dÕidentifier ces ligaments pulmonaires sup�rieurs qui apparaissent �paissis 

en cas de pathologie infiltrative diffuse (Figure 9). 
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Figure 9. Ligament pulmonaire sup�rieur dans le cadre dÕune pathologie 

infiltrative diffuse � expression septale pr�dominante. (a.) Angioscanner 

thoracique (kernel i50) r�alis� chez un patient souffrant dÕun Ïd�me aigu pulmonaire 

cardiog�nique et montrant un �paississement diffus des parois septales. Un ligament 

pulmonaire sup�rieur apparaissant �paissi (t�tes de fl�che) relie le rameaux 

post�rieur (V1aD) de V1D au m�diastin. Une structure similaire (petites fl�ches) est 

connect�e au rameau ant�rieur (V1bD) de V1D. (b.) Scanner thoracique (kernel i50) 

r�alis� chez le m�me patient trois mois plus tard, apr�s r�solution de lÕ�pisode 

dÕÏd�me pulmonaire aigu cardiog�nique. Le ligament de V1aD (t�tes de fl�che) 

appara�t plus fin mais demeure visible, � la diff�rence des parois septales. La 

structure attach�e � V1bD (petites fl�ches en (a.)) lors de lÕ�pisode de surcharge 

vasculaire nÕest d�sormais plus visible (?). Il sÕagissait donc r�trospectivement dÕune 

paroi septale �paissie, impossible � diff�rencier dÕun ligament pulmonaire sup�rieur 

infiltr� dans le contexte dÕÏd�me aigu pulmonaire cardiog�nique. 
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3. Peuvent-ils constituer une voie de communication entre le 

poumon et le m�diastin ? 

 

a. El�ments sugg�rant une communication possible au travers 

dÕeux 

 

LÕinsinuation de graisse m�diastinale au sein des ligaments pulmonaires 

sup�rieurs d�crite par Sasaki (4) d�montre leur capacit� potentielle � se canaliser 

(Figures 3 et 7-c) au moins partiellement � leur extr�mit� m�diastinale. Par ailleurs, 

les descriptions de Berkmen et de Verbeken (1,13) rapportent la pr�sence de 

veinules et de lymphatiques parcourant ces formations dÕallure septale ou extensions 

septales. La pr�sence de vaisseaux en leur sein constitue un argument 

suppl�mentaire pour sugg�rer un passage de cellules ou de fluides sur le trajet des 

ligaments pulmonaires sup�rieurs.  

LÕexistence de communications directes extrahilaires entre le poumon et le 

m�diastin a �t� prouv�e par les travaux de Riquet et coll. (15). En r�alisant une 

lymphangiographie sur une s�rie de 260 cadavres dÕadultes humains par lÕinjection 

de colorant au sein de vaisseaux lymphatiques pulmonaires intrasegmentaires, 

Riquet a pu observer le passage du colorant administr� au sein du m�diastin. Il 

rapporte que le passage direct de la lymphe du poumon au m�diastin sÕeffectue par 

le biais de fins canaux dont la plupart se situe en situation superficielle, au contact de 

la pl�vre, alors que dÕautres pr�sentent un trajet p�n�trant le parenchyme 

pulmonaire. Ce passage direct du poumon vers le m�diastin �tait plus fr�quemment 

observ� aux lobes sup�rieurs et le drainage lymphatique aboutissait principalement, 

selon la classification propos�e par Mountain et coll. (16),  aux groupes 
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ganglionnaires situ�s � droite en paratrach�al inf�rieur (aire 4Ri), en sous-carinaire 

(aire 7) et au contact de la crosse de la veine azygos (aire 4Rs). A gauche ils se 

jetaient dans les groupes ganglionnaires para-aortique (aire 6) et paratrach�al 

sup�rieur (aire 2L). Ces groupes ganglionnaires sont situ�s � proximit� des sites 

dÕattache m�diastinale des ligaments pulmonaires sup�rieurs d�crits par Sasaki (4). 

LÕexistence dÕun drainage lymphatique direct extrahilaire entre le poumon et le 

m�diastin peut laisser supposer lÕexistence de structures veineuses suivant le m�me 

trajet. En effet, le fait que les vaisseaux lymphatiques et les veines pulmonaires 

suivent un trajet commun au sein des extensions septales peut laisser envisager un 

destination (m�diastinale) commune (1). 

Selon Sasaki (4), une communication directe entre le poumon et le m�diastin 

peut donc avoir lieu au sein de ces formations dÕallure septale. LÕune des implications 

dÕune telle communication r�siderait notamment dans la prise en charge et le 

pronostic des cancers pulmonaires non � petites cellules, pouvant notamment 

favoriser lÕinvasion directe du m�diastin par lÕinterm�diaire des ligaments 

pulmonaires sup�rieurs et ainsi expliquer le passage pr�coce en stade T4 (invasion 

des gros vaisseaux m�diastinaux) dans le cadre de ce processus n�oplasique. 

LÕexistence de ce type de communications apporterait �galement une explication 

physiopathologique � lÕexistence de skip m�tastases dans cette pathologie. 

 

b. Potentiels shunts veineux syst�mico-pulmonaires 

 

La litt�rature fait mention de multiples travaux et case-reports dans lesquels des 

anastomoses entre les veines syst�miques et les veines pulmonaires ont pu �tre 

observ�es (17Ð19). La mise en charge de ces voies de d�rivation est observ�e le 
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plus souvent dans le cadre dÕun syndrome cave sup�rieur. Plusieurs voies 

collat�rales thoraciques de d�rivation ont �t� rapport�es dans le cadre de telles 

atteintes : le syst�me azygos, les veines thoraciques internes ou lat�rales, les plexus 

veineux p�rivert�braux et les plexus veineux m�diastinaux.  

LÕobservation dÕanastomoses entre des veines syst�miques (veines 

thoraciques, plexus veineux m�diastinal) et les veines pulmonaires d�montre la 

pr�sence de vaisseaux au trajet transpleural r�alisant une communication efficace 

entre les deux syst�mes veineux (19).  

LorsquÕils existent, ces shunts sont ais�ment d�montr�s lors des examens 

angioscanographiques. LÕinjection du produit de contraste iod� sÕeffectue 

habituellement dans une veine ant�brachiale et du fait de lÕobstruction de la veine 

cave sup�rieure, le produit de contraste doit emprunter les veines collat�rales de 

d�rivation. Il opacifie alors plus pr�cocement les anastomoses syst�mico-

pulmonaires et la veine pulmonaire concern�e, contrairement � la chronologie 

observ�e lorsque la circulation se fait de mani�re physiologique (Figure 10). 

Ce ph�nom�ne, signe lÕexistence de communications traversant lÕinterface 

pneumom�diastinale (17). Les seules structures anatomiques reliant physiquement 

les veines pulmonaires au m�diastin en situation extrahilaire sont les ligaments 

pulmonaires sup�rieurs.  
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Figure 10. Angioscanner thoracique avec reconstruction axiale en Maximal 

Intensity Projection (MIP), coupe �paisse de 3 mm (kernel i30) chez un patient 

pr�sentant un syndrome cave sup�rieur. Injection bibrachiale de produit de 

contraste avec opacification intense du r�seau veineux collat�ral, notamment dÕune 

veine bronchique gauche (t�tes de fl�che) se drainant dans la veine pulmonaire 

lingulaire qui para�t alors plus opacifi�e que la veine pulmonaire sup�rieure gauche. 

Les r�gions dÕint�r�t mesur�es au sein de la veine lingulaire (ROI 1) et au sein de la 

veine pulmonaire sup�rieure gauche (ROI 2) pr�sentent des densit�s de 331 et 264 

unit�s Hounsfied (UH), respectivement. Un tel gradient de densit� nÕ�tait 

normalement pas attendu � ce temps de lÕinjection. 
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4. Les trajets emprunt�s par ces ligaments pulmonaires sup�rieurs 

sont-ils �galement emprunt�s par les retours veineux 

pulmonaires anormaux ? 

 

a. Embryog�n�se des veines pulmonaires 

 

i. Formation des veines pulmonaires 

intraparenchymateuses 

 

Au 34�me jour du d�veloppement embryonnaire, un plexus capillaire primitif 

d�velopp� autour du bourgeon trach�obronchique apparu � la face ventrale de 

lÕintestin primitif ant�rieur assure la continuit� entre le sac aortique et le sinus 

venosus (20). Alors que certains capillaires se situeront en position p�ribronchique 

pour devenir des art�res pulmonaires, dÕautres resteront au sein du m�soderme � 

�quidistance des ramifications art�riobronchiques pour former les veines 

pulmonaires. Les facteurs mol�culaires distinguant les veines pulmonaires des 

art�res pulmonaires pr�somptives ne sont actuellement toujours pas connus. 

LÕanalyse histologique et immunohistochimique du poumon humain en 

formation � diff�rents termes de gestation montre lÕexistence dÕamas de cellules 

m�soblastiques exprimant le complexe CD31 (marqueur des pr�curseurs 

angiog�niques) au sein du m�soderme splanchnopleural dorsal. Ces amas 

cellulaires deviennent progressivement coalescents puis se tubulisent, formant ainsi 

des structures vasculaires (21). Le d�veloppement initial du plexus capillaire 

pulmonaire primitif, et donc des art�res et veines pulmonaires, sÕeffectue donc de 

novo � partir du tissu m�soblastique selon un processus dit de vasculog�n�se qui 
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dure jusquÕ� la fin de la 17�me semaine (fin du stade pseudo-glandulaire du 

d�veloppement pulmonaire). 

Au-del� de cette p�riode, la diminution de la population cellulaire m�soblastique 

au profit des futurs espaces gazeux est peu propice � la poursuite de la 

vasculog�n�se, un important contingent de cellules m�senchymateuses �tant 

n�cessaire � ce processus. Par ailleurs, une importante activit� mitotique est mise en 

�vidence � lÕextr�mit� des capillaires les plus p�riph�riques et non au sein du 

m�senchyme environnant comme on peut lÕobserver en cas de vasculog�n�se, 

sugg�rant donc un d�veloppement par angiog�n�se, cÕest-�-dire par ramification du 

r�seau pr�existant (20).  

Si Verbeken a prouv� que les veines pulmonaires cheminent au sein du 

parenchyme pulmonaire dans le plan des septums interalv�olaires, interlobulaires, 

intersegmentaires et des ligaments pulmonaires sup�rieurs (13), on ignore toujours 

le m�canisme attribuant aux veines pulmonaire leur trajet � distance des bronches. 

Les mod�les murins sugg�rent une interaction r�pulsive entre le ligand EphrineB2 et 

son r�cepteur EphB4 dans le d�terminisme art�rioveineux, mais lÕexp�rimentation 

sur embryons humains nÕest pas encore parvenue � mettre en �vidence une telle 

interaction (20,22). 

 

ii. Formation des veines pulmonaires 

extraparenchymateuses : le p�le veineux du cÏur 

 

Il est d�sormais admis que la veine pulmonaire primitive, de m�me que les 

autres �l�ments du p�le veineux du cÏur, d�rive du second champ cardiaque 

post�rieur (23). Ce dernier est constitu� par le tissu m�soblastique splanchnopleural 
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situ� � la partie caudale de la face dorsale du cÏur et assure le d�veloppement du 

sinus venosus, du syst�me de conduction ainsi que du septum interatrial (24). 

- Le sinus venosus pr�sente � la 4�me semaine deux cornes, droite et 

gauche, recevant les veines cardinales communes, vitellines et 

ombilicales. Il communique avec lÕatrium commun dont la croissance 

asym�trique va attirer le sillon sinoatrial, qui d�limite ces deux structures,  

vers la droite. La veine cardinale ant�rieure droite et lÕorigine de la veine 

vitelline droite se jetant toute deux dans la corne droite du sinus venosus 

vont sÕincorporer � lÕoreillette droite pour former les veines caves 

sup�rieure et inf�rieure, respectivement. La corne gauche du sinus 

venosus involue pour ne laisser subsister que le sinus coronaire. Ainsi � 

terme, le sinus venosus � la face interne lisse constituera le sinus 

venarum alors que le reliquat droit de lÕatrium primitif � la face interne 

trab�cul�e constituera lÕauricule droit (25). 

- La veine pulmonaire primitive se canalise entre les 4�me et 5�me 

semaines. Il existe au sein du m�socarde dorsal, longeant la face 

dorsale du cÏur de son p�le art�riel � son p�le veineux, un contingent 

de cellules pr�curseurs endoth�liales nomm� m�soblaste pharyng�. Il 

appara�t en m�me temps que le bourgeon trach�o bronchique au 22�me 

jour (26) et est situ� entre le sinus venosus ventralement et le plexus 

capillaire primitif pulmonaire dorsalement. Lorsque le m�soblaste 

pharyng� se diff�rencie en veine pulmonaire primitive, il relie alors le 

segment sinoatrial du cÏur au plexus capillaire pulmonaire (27). 

Contrairement � ce qui a pu �tre sugg�r� et d�battu par le pass�, la 

veine pulmonaire primitive nÕest ni issue dÕun bourgeonnement du 

segment sinoatrial du cÏur vers le plexus capillaire pulmonaire, ni dÕune 
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expansion du plexus pulmonaire vers le cÏur (angiog�n�se) : elle se 

forme par vasculog�n�se � partir du m�soblaste pharyng�. Ce nÕest que 

secondairement quÕune phase dÕangiog�n�se va se produire, r�alisant 

deux g�n�rations de bifurcations de la veine pulmonaire primitive en 

direction de la circulation veineuse intra pulmonaire, pr�figurant les 

veines pulmonaires d�finitives (25). 

- LÕintussusception constitue le processus par lequel les quatre veines 

pulmonaires confluant en une veine pulmonaire primitive commune vont 

venir sÕint�grer au segment sino atrial du cÏur. Une controverse 

demeure encore concernant le site o� se produit lÕintussusception. 

Certains auteurs consid�rent que la veine pulmonaire primitive 

sÕabouche � la face post�rieure de lÕoreillette commune 

morphologiquement gauche (23,26) alors que dÕautres sugg�rent un 

abouchement � la face post�rieure gauche du sinus venosus qui sera 

int�gr�e � lÕatrium gauche final (27). La tendance actuelle pencherait 

davantage pour la seconde hypoth�se, se basant sur des �tudes 

immunohistochimiques sur embryons humains retrouvant lÕexpression de 

certaines prot�ines du sinus venosus, par ailleurs absentes du segment 

atrial, au sein du myocarde entourant lÕorifice de la veine pulmonaire 

(25,27). Au 30�me jour, la veine pulmonaire primitive sÕabouche � la face 

post�rieure du segment sinoatrial par un orifice unique. Au 31�me jour, les 

parois de la veine pulmonaire primitive se sont incorpor�es � la face 

post�rieure de la future oreillette gauche, laissant appara�tre deux 

orifices, un droit et un gauche, assurant le retour veineux pulmonaire. Au 

32�me jour, le ph�nom�ne dÕintussusception se compl�te en int�grant � la 

paroi atriale gauche les parois des veines pulmonaires communes droite 
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et gauche, aboutissant � lÕabouchement des quatre orifices veineux 

pulmonaires observ�s chez lÕadulte. La majorit� de la paroi de lÕoreillette 

gauche d�finitive d�rive donc de lÕincorporation des veines pulmonaires 

primitives et appara�t lisse � sa face interne, contrairement � lÕauricule 

gauche trab�cul�, reliquat de la partie gauche du segment atrial primitif. 

 

b. Communications temporaires entre les veines pulmonaires et 

syst�miques embryonnaires 

 

LÕorigine des veines pulmonaires est donc mixte. Elles d�rivent dÕune part du 

plexus capillaire pulmonaire primitif splanchnopleural et dÕautre part de la veine 

pulmonaire primitive issue du m�soblaste pharyng�. 

Leur d�veloppement peut �tre divis� en trois phases (28,29) : 

- Une p�riode p�riph�rique au cours de laquelle aucune communication 

nÕest observ�e entre lÕatrium primitif commun et le plexus capillaire 

pulmonaire en formation. Les aff�rences sanguines pulmonaires 

sÕeffectuent par des branches collat�rales issues de lÕaorte dorsale et le 

drainage veineux sÕeffectue par le syst�me cardinal via des anastomoses 

splanchno-cardinales. Elle sÕ�tend sur la quatri�me semaine. 

- Une p�riode interm�diaire au cours de laquelle la veine pulmonaire 

primitive rejoint le plexus capillaire pulmonaire primitif alors que ce 

dernier conserve des anastomoses avec le syst�me veineux cardinal. 

Elle correspond au d�but de la cinqui�me semaine (Figure 11).  

- Une p�riode centrale au cours de laquelle le drainage veineux 

pulmonaire nÕest assur� que par les veines pulmonaires, la chute de la 
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charge au sein des anastomoses splanchno-cardinales ayant conduit � 

leur oblit�ration. Elle d�bute en fin de cinqui�me semaine. 

 

c. Formation des retours veineux pulmonaires anormaux 

 

En effectuant des reconstructions dÕembryons ayant arr�t� leur d�veloppement 

� ces diff�rents stades, Rammos et coll. (29) ont pu prouver que lÕag�n�sie dÕune 

veine pulmonaire sÕaccompagnait de la persistance dÕanastomoses splanchno-

cardinales pr�figurant ainsi un retour veineux pulmonaire anormal partiel (Figure 11). 

Cette observation laisse alors supposer quÕun accident de d�veloppement de la 

veine pulmonaire primitive peut conduire � un retour veineux pulmonaire anormal 

total alors quÕune anomalie lors du d�veloppement dÕune ou plusieurs veines 

pulmonaires d�finitives aboutira � un retour veineux pulmonaire anormal partiel (25). 
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Figure 11. Reconstructions dÕembryons humains (p�riode centrale). Vues 

ant�rieures, cÏur r�s�qu�. LA : atrium gauche, SVP : plexus veineux pulmonaire 

splanchno-pleural, RCV : veine cardinale droite, LCV : veine cardinale gauche, InV : 

tronc veineux innomin� droit, Ao : aorte ascendante, DAo : aorte descendante, DA : 

canal art�riel, E : Ïsophage, T : trach�e.  

(a.) Embryon normal pr�sentant quatre veines pulmonaires (fl�ches noires) int�gr�es 

� la paroi post�rieure de lÕatrium gauche et des anastomoses splanchno-cardinales 

ferm�es. (b.) Embryon pathologique montrant une absence de veine pulmonaire 

sup�rieure gauche (fl�che blanche) et une veine pulmonaire inf�rieure gauche vide 

de cellule sanguine (t�te de fl�che). Les veines pulmonaires droites (fl�ches noires) 

sont normales. Le plexus capillaire pulmonaire primitif est bien plus d�velopp� quÕil 

ne lÕest � lÕ�tat normal en (a.) et conserve une communication (C) nettement visible 

avec la veine cardinale gauche qui deviendra une veine verticale.  (dÕapr�s (29)). 
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d. Trajets emprunt�s par les retours veineux pulmonaires 

anormaux 

 

i. Retour veineux pulmonaire anormal total 

 

Selon le type dÕanomalie atteignant la veine pulmonaire primitive mais 

�galement selon la p�riode du d�veloppement � laquelle elle survient, plusieurs 

configurations pourront se rencontrer (29) : 

- LÕag�n�sie et lÕatr�sie de la veine pulmonaire, secondaires � une 

anomalie du m�soblaste pharyng� survenant avant la septation 

interatriale, conduira � un retour veineux pulmonaire anormal 

extracardiaque par le biais dÕune veine verticale de topographie para 

m�diastinale. 

- Une st�nose de la veine pulmonaire primitive survenant au cours ou au 

d�cours de la septation de lÕatrium primitif aboutira � un cÏur triatrial. 

- Une atr�sie de la veine pulmonaire apr�s la septation surviendra une fois 

les anastomoses syst�mico-pulmonaires closes et sera l�tale. 

 

ii. Retour veineux pulmonaire anormal partiel 

 

Le retour veineux pulmonaire anormal partiel est la cons�quence dÕune 

anomalie de perm�abilisation dÕau moins une veine pulmonaire, mais pas toutes 

(29). Le drainage veineux pulmonaire du territoire int�ress� doit alors �tre assur� par 

le r�seau veineux syst�mique en laissant ouverte une anastomose embryonnaire. Le 

plus souvent, la veine pulmonaire sup�rieure droite se jettera dans la veine cave 
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sup�rieure. Une anomalie de retour de la veine pulmonaire inf�rieure droite peut �tre 

associ�e, elle sÕabouchera alors � la veine cave inf�rieure constituant un syndrome 

du cimeterre. Les veines pulmonaires gauches peuvent quant � elles se drainer soit 

dans le sinus coronaire, soit dans le tronc veineux innomin� gauche par 

lÕinterm�diaire dÕune veine verticale. Enfin, lÕabouchement dÕune veine pulmonaire 

directement � lÕatrium droit, cÕest-�-dire � la partie droite du sinus venosus, est la 

cons�quence de lÕabsence de participation des cellules m�soblastiques du second 

champ cardiaque au ph�nom�ne de septation ; une communication interatriale de 

type sinus venosus sera donc syst�matiquement associ�e (30).  

Dans le cadre des retours veineux pulmonaires anormaux partiels des lobes 

sup�rieurs, lÕabouchement anormal sÕeffectue donc sur des veines syst�miques 

d�rivant soit des veines cardinales ant�rieures (veine cave sup�rieure ou veine 

verticale gauche), soit des veines supra cardinales qui les accompagnent (veine 

azygos). Ces veines syst�miques pouvant recevoir le sang veineux pulmonaire sont 

toutes visualis�es aux interfaces pneumom�diastinales suprahilaires (Figure 12), 

r�gions dans lesquelles Sasaki (4) a rapport� les fr�quences les plus �lev�es de 

ligaments pulmonaires sup�rieurs chez des patients par ailleurs indemnes 

dÕanomalie du retour veineux pulmonaire. 
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Figure 12. Angioscanner thoracique avec reconstruction multiplanaire coronale 

oblique en Maximal Intensity Projection (MIP), coupe �paisse de 10 mm (kernel 

i26).  La veine cave sup�rieure (VCS) � droite et la veine verticale (VV) � gauche se 

situent aux interfaces pneumom�diastinales des deux c�t�s (pointill�s rouges). Cette 

patiente pr�sente un retour veineux pulmonaire anormal partiel du lobe sup�rieur 

gauche (ast�risque) dans une veine verticale anormale. 
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II. OBJECTIF DU TRAVAIL DE THESE 

 

De fines lignes dÕhyperatt�nuation reliant les veines pulmonaires 

intrasegmentaires des lobes sup�rieurs � lÕinterface pneumom�diastinale sont 

parfois visibles sur les examens tomodensitom�triques thoraciques, hors de tout 

contexte de pathologie infiltrative diffuse pulmonaire � expression septale. Ces 

ligaments pulmonaires sup�rieurs ont dÕabord �t� mentionn�es par Berkmen (1), 

puis plus r�cemment par Zuo (5), dans le cadre de travaux �tudiant les septums 

intersegmentaires. N�anmoins, ces auteurs nÕ�mettent aucune hypoth�se quant � la 

nature ou au r�le potentiel que pourraient jouer ces structures.  

 

En 2012, Sasaki (4) produit, � notre connaissance, la seule �tude sÕint�ressant 

� ces ligaments pulmonaires sup�rieurs mais semble ne pas les diff�rencier des 

plans intersegmentaires et analyser ces deux structures dÕallure septale 

conjointement, sans distinction. Apr�s avoir observ� la pr�sence de graisse 

m�diastinale au sein de ces structures, il �met lÕhypoth�se quÕelles puissent 

constituer une voie de communication directe entre le poumon et le m�diastin, 

pouvant ainsi influencer lÕ�volution locale de processus n�oplasiques tels que les 

cancers pulmonaires non � petites cellules.  

 

Sasaki remarque enfin que ces ligaments pulmonaires sup�rieurs persistent au 

sein de lÕespace pleural en cas de pneumothorax, r�alisant ainsi un moyen de 

fixation du poumon au m�diastin et sÕinterroge sur le fait quÕils puissent correspondre 



 

 54 

aux reliquats des anastomoses splanchno-cardinales d�crites par Rammos (29) ; 

ayant �voqu�, a priori, une similitude entre les trajets quÕils empruntent et ceux des 

retours veineux pulmonaires anormaux partiels des lobes sup�rieurs. 

 

Ainsi, le travail pr�sent� sÕarticule en deux parties et propose (a) une 

description anatomique des seuls ligaments pulmonaires sup�rieurs, bas�e sur 

lÕobservation des deux lobes pulmonaires sup�rieurs en tomodensitom�trie 

thoracique chez des individus sains ; et  (b) une �tude tomodensitom�trique des sites 

dÕabouchement syst�mique des retours veineux pulmonaires anormaux partiels des 

lobes sup�rieurs afin de les comparer aux terminaisons m�diastinales des ligaments 

pulmonaires sup�rieurs. 

 

LÕobjectif final de cette �tude est donc dÕapporter la preuve de lÕexistence de 

vestiges dÕanastomoses splanchno-cardinales embryonnaires chez lÕadulte sain, 

sous la forme de ligaments pulmonaires sup�rieurs. 
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Abstract 

 

Title: CT appearance of normal superior pulmonary ligaments in 100 patients 

(part I) 

 

Purpose: To describe the CT characteristics of superior pulmonary ligaments (SPL).

  

Materials and Methods: The number and course of individual SPLs were analyzed 

in 100 consecutive patients.  

 

Results: SPLs were identified in 94 patients (94/100; 94%) as bilateral (62/94; 66%) 

or unilateral (32/94; 34%) structures, with a mean number of 3.59 ± 2.20 (1-12) SPLs 

per patient. A total of 337 SPLs were identified as a single unit (196/257; 76%) or 

composed of a principal and secondary units (61/257; 24%). They were more 

frequent in the left (LUL) (224/337; 66.5%) than in the right (RUL) (113/337; 33.5%) 

upper lobe. The most frequent sites of mediastinal attachments were as follows: (a) 

76% of ligaments in RS1 (53/70) and 40% in RS2 (11/33) were attached in the 

vicinity of the SVC, mainly at the level of its sub-azygotic portion; (b) in RS3, they 

were connected to nonvascular structures; (c) in LS1 to LS4, the medial end of SPLs 

was mainly seen near the pulmonary trunk (LS1: 34% [33/97]; LS2: 59% [28/49]); 

LS4: 58% [21/36] or the left main pulmonary artery (LS1: 22% [21/97]; LS2: 10% 

[5/49];LS3: 100% [2/2]; (d) in LS5 (n=40), they were mainly attached to the left atrial 

appendage (25/40;62.5%) and the left ventricle (14/40; 25%). 
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Conclusion: SPLs are frequent findings with a left-sided predominance. The most 

frequent sites of mediastinal attachment are the SVC in the RUL and the pulmonary 

trunk in the LUL.  

 

 

Keywords: Partial anomalous pulmonary venous connection Ð Septal structures Ð 

Intersegmental planes Ð CT Ð Chest  

 

 

Abbreviations: SVC: superior vena cava; RUL: right upper lobe; LUL: left upper 

lobe; R: right; L: left; S: segment; RSx: right-sided segment; LSx: left-sided segment 
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Introduction 

 

In the early eighties, cross-sectional CT imaging led to the first description of 

the normal inferior pulmonary ligament. Rarely visible on normal chest radiographs, 

the inferior pulmonary ligament was identified on at least one side in almost half of 

patients examined by CT (1). Berkmen et al described the anatomical basis for this 

CT structure, composed medially by the two sleeves of the visceral pleura below the 

inferior pulmonary vein (i.e. the pulmonary ligament itself in an extrapulmonary 

position), completed by an intersegmental septum between S7 and S10 (2). These 

authors underlined that many similar septa could be found throughout the lungs, 

most commonly occurring along the mediastinal surface of the upper and middle lobe 

but without precise demonstration of their relationships to segments or subsegments 

and no precise description of their association with pulmonary vessels (3). Since 

then, little attention has been directed toward linear structures of similar appearance, 

detectable in the upper lung zones, which are of frequent observation in daily 

practice.  

Two studies have recently encouraged further research on these horizontal thin 

lines of hyperattenuation linking upper lobe pulmonary veins to the mediastinum 

(4,5). Reviewing 104 normal thoracic CT scans, Zuo and coworkers described the 

imaging appearance of pulmonary intersegmental planes in the right and left lungs, 

underlining their high frequency in both upper lobes but without providing detailed 

anatomical characteristics (4). Sasaki et al described cross-bridging structures 

between the collapsed lung and the mediastinum in patients with pneumothorax with 

a similar distribution pattern between cross-bridging structures and pulmonary 

venous connections in normal lungs (5). These authors hypothesized that the latter 

could correspond to remnants of primitive communications between systemic and 
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pulmonary veins. Were this hypothesis true, one should find similarities between the 

medial boundaries of SPLs and the site of connection between the systemic vein and 

the anomalous vein of partial abnormal pulmonary venous return (PAPVR) in the 

upper lobes. In order to test this hypothesis, we undertook this two-part study. The 

first investigation was aimed at providing a precise anatomical description of SPLs in 

the upper lobes with specific interest in the medial attachments of SPLs. These 

results were then compared to the sites of connection between the anomalous veins 

of upper lobe PAPVR and the systemic circulation.  

 

Materials & Methods 

 

¥ Population 

 

During a 17-month period (March 2012-August 2013), 100 consecutive adult 

patients referred for a noncontrast chest CT examination were prospectively enrolled 

in this study aimed at recording the presence and location of pulmonary ligaments in 

the upper lobes. The inclusion criteria comprised: (a) absence of any congenital 

anomaly; (b) no prior history of lung surgery; (c) absence of infiltrative and/or 

destructive lung disease in the right and left upper lobes; (c) absence of pleural 

and/or pericardial effusion. Chest CT examinations were indicated for CT 

phenotyping of COPD patients (n=30), extra-pulmonary cancer staging (n=25), 

suspicion of infiltrative lung disease (n=18), follow-up of lung micronodules in the 

lower lobes (n=11), suspicion of chest radiographic abnormalities (n=16). The study 

population comprised 40 males and 60 females with a mean age (±SD) of 45.84 ± 

13.85 years (range: 18-74), a mean weight (±SD) of 66.17 ± 11.52 kg (range: 41-93) 

and a mean body mass index (±SD) of 23.73 ± 3.5 kg/m! (14.7-32.03). Our 
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institutional Ethics Committee approved the study protocol. Informed consent was 

waived for retrospective review of patientsÕ records and images.   

 

¥ CT examinations 

 

! CT protocols 

 

The non-contrast CT examinations were obtained on a dual-source 128-slice 

MDCT system (Somatom Definition Flash, Siemens Healthcare, Forchheim, 

Germany) using a single energy mode. CT scanning was performed by using the 

following parameters: individual selection of the kilovoltage according to the patientÕs 

body weight (80 kVp below 50 kg b.w.; 100 kVp between 50 and 80 kg b.w.; 120 kVp 

above 80 kg b.w.); 65 reference mAs with systematic activation of a 4D dose 

modulation (Care Dose 4Dª; Siemens Healthcare, Forchheim, Germany); rotation 

time: 0.28 s; pitch: 3.0; collimation: 64 x 2 x 0.6 mm with a z-flying focal spot. 

Contiguous 1-mm thick lung and mediastinal images were reconstructed using 

iterative reconstruction kernels (I50 and I26, respectively). 

 

! CT structures analyzed 

 

A superior pulmonary ligament (SPL) was considered present when a horizontal 

thin line of hyperattenuation was identified between an upper lobe segmental vein 

and the mediastinum on more than 3 contiguous images. For each segmental vein of 

the right and left upper lobes, named according to the Boyden nomenclature (6): (a) 

we searched for the presence of SPL(s) linking it to the mediastinum; (b) when 

present, each structure was characterized by its height (namely, the number of 
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continuous sections on which the linear hyperattenuating structure was seen), the 

location of its mediastinal attachment (by naming the closest mediastinal structure 

[mediastinal fat; a vascular, bronchial or cardiac structure]) as further described. 

When a SPL was seen as a discontinuous structure from top to bottom of the 

region-of-interest, it was described as follows: (a) the portion identified on the 

greatest number of consecutive CT sections was considered as the principal unit; (b) 

the other portion(s) was (were) considered as a secondary unit(s). When a given vein 

was linked to the mediastinum by two lines of hyperattenuation, the ligament 

identified on the greatest number of consecutive CT sections was considered the 

principal unit; the second ligament was recorded as a secondary unit. By convention, 

SPLs seen as a single structure were analyzed together with those recorded as 

principal units. 

Because the anatomical structures on the mediastinal side vary from top to 

bottom of the upper lobes, 3 cephalo-caudal zones were considered for analysis of 

right-sided pulmonary venous attachments: (a) zone A: from the apex to the level of 

the superior wall of the aortic arch; (b) zone B, between the superior and the inferior 

wall of the aortic arch; (c) zone C: from the inferior wall of the aortic arch to the 

inferior wall of the pulmonary trunk. Left-sided pulmonary venous attachments were 

analyzed in zones A-C, at which was added a fourth zone to allow analysis of lingular 

attachments, i.e., zone D, below the level of the inferior wall of the pulmonary trunk. 

For each level, on both sides, mediastinal structures were listed in anteroposterior 

direction from retrosternal fat to esophagus. Figure 1 illustrates the anatomical zones 

analyzed on both sides. The analysis of SPLs in the right upper lobe recorded the 

connections between the mediastinum and each segmental vein or its tributaries, 

namely RV1, RV2 and RV3. Left upper lobe analysis recorded the connections 

between the mediastinum and each segmental vein or its tributaries of the culmen 
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(i.e., LV1, LV2 and LV3) and lingula (i.e., LV4, LV5). Because of the frequency of 

anatomical variants, there was no attempt to name the individual venous divisions 

found to be connected at the lateral margin of the SPL in each segment. 

Consequently, the venous structures identified in each segment corresponded to 

subsegmental and segmental venous rami.  

 

¥ Conditions of image interpretation  

 

Lung and mediastinal images were interpreted by consensus between two 

radiologists, a junior and a senior radiologist with 3- and 7- year experience in chest 

CT, respectively. The readers analyzed lung and mediastinal images on a clinical 

workstation (Syngo.via; Siemens Healthcare, Forchheim, Germany).  

 

¥ Statistical analysis 

 

Statistical analyses were performed using the SAS software (SAS Institute Inc., 

Cary, NC 25513). Results were expressed as means, standard deviations (SD) and 

ranges for continuous variables; means, median and ranges for ordinal variables; 

frequencies and percentages for categorical variables. Comparisons were performed 

with a mixed model with patient effect. The statistical significance was defined as 

p<0.05. 
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Results 

 

¥ General description of superior pulmonary ligaments 

 

SPLs were identified in the upper lobes of 94 patients (94/100; 94%) of the 

study population. In 62 patients (62/94; 66%), they were identified in both upper 

lobes, with an uneven (51/62) or mirror (11/62) distribution. In 32 patients (32/94; 

34%), they were seen unilaterally, more often in the left (24/32; 75%) than in the right 

(8/32; 25%) upper lobe. 

A total of 337 SPLs were identified in the study population, with a mean number 

of 3.59 ± 2.20 (range: 1-12) ligaments per patient. Among the 337 SPLs, there was of 

total of 257 principal ligaments and 80 secondary units. The mean number principal 

units per patient was 2.73 ± 1.36 (range: 1-7); the mean number of secondary units 

per patient was 1.82 ± 1.30 (range: 1-7). The mean number of secondary units 

associated with a principal structure was 1.31 ± 0.65 (range: 1-4). 

The 337 SPLs comprised 113 ligaments in the right upper lobe (RUL) and 224 

ligaments in the left upper lobe (LUL). Table 1 summarizes their morphological 

characteristics. No significant difference was found in the mean height of principal 

and secondary units between the right and left upper lobes (p>0.05). 

 

¥ Characteristics of superior pulmonary ligaments in the RUL 

(Tables 2, 3) (Figure 2) 

 

SPLs were identified in the RUL of 70 patients (70%) with a mean number of 

1.61 ± 0.80 (range: 1-3) ligament per patient. The mean (±SD) number of ligaments 
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per vein was as follows: RV1: 1.27 ± 0.49 (range: 1-3); RV2: 1.22 ± 0.42 (range: 1-2); 

RV3: 1.11 ± 0.33 (range: 1-2).  

A total number of 113 ligaments were identified in the RUL, at the level of RS1 

(n=70), RS2 (n=33) and RS3 (n=10). Table 2 summarizes the morphologic 

characteristics of their principal and secondary units, showing that most of them were 

seen in RS1. The median height of the principal units significantly differed between 

RS1, RS2 and RS3, with the longest median value observed in RS1.  

 As shown in Table 3, the most frequent sites of mediastinal attachments of 

RUL veins via pulmonary ligaments were observed as follows: (a) in RS1, 76% 

(53/70) of ligaments were medially attached in the vicinity of the SVC at the level of 

its sub-azygotic (31/53), supra-azygotic (13/53) portions or at the level of the azygos 

arch (9/53); (b) in RS2, the predominant site of attachment was the SVC in its sub-

azygotic portion (13/33; 40%); (c) in RS3, ligaments were connected to non-vascular 

structures. 

 

¥ Characteristics of superior pulmonary ligaments in the LUL 

(Tables 4, 5) (Figure 3) 

 

SPLs were identified in the LUL of 86 patients (86%) with a mean number of 

2.60 ± 1.76 (range: 1-11) ligament per patient. The mean (±SD) (range) number of 

ligaments per vein was as follows: LV1: 1.45 ± 0.91 (range: 1-5); LV2: 1.29 ± 0.61 

(range: 1-3); LV3: 1.0; LV4: 1.24 ± 0.58 (range: 1-3); LV5: 1.33 ± 0.48 (range: 1-2).  

A total number of 224 ligaments were identified in the LUL, including 148 

ligaments in the culmen (148/224; 60%) and 76 ligaments in the lingula (76/224; 

40%) with the following distribution: LS1 (n=97), LS2 (n=49), LS3 (n=2), LS4 (n=36), 

LS5 (n=40). Their morphological characteristics are summarized in Table 4. The 
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median heights of principal and secondary units were compared between LS1 and 

LS2, the small number of ligaments in LS3 precluded including this segment in 

comparative analysis. For both principal and secondary units, the median height was 

found to be significantly higher in LS1 than in LS2 (principal units p=0.0001; 

secondary units: p=0.003). In the lingula, no significant difference was found between 

the median values of height of principal (p=0.16) and secondary (p=0.18) units in LS4 

and LS5. 

As shown in Table 5, the most frequent sites of mediastinal attachments of LUL 

veins via pulmonary ligaments were observed as follows: (a) in LS1 (n=97), there 

were 3 predominant sites of attachment: the pulmonary trunk (33/97; 34%), the aortic 

arch (24/97; 25%) and the left main pulmonary artery (21/97; 22%); (b) in LS2 (n=49), 

there were 3 predominant sites of attachment:  the pulmonary trunk (28/49; 59%), the 

retrosternal fat (11/49; 22%) and left main pulmonary artery (5/49; 10%); (c) in LS3 

(n=2), all ligaments were attached at the level of the left main pulmonary artery; (d) in 

LS4 (n=36), the ligaments were mainly attached at the level of the pulmonary trunk 

(21/36; 58%); (e) in LS5 (n=40), they were mainly attached to the left atrial 

appendage (25/40; 62.5%) and the left ventricle (14/40; 25%). 

 

Discussion 

 

To our knowledge, this is the first study providing detailed anatomical 

description of the thin, linear hyperattenuating structures in the upper lobes. Based 

on high-resolution volumetric CT acquisitions, we observed the presence of these 

thin structures connecting segmental veins to the mediastinum in 94% of the study 

population. In the vertical plane, 76% of these ligaments were seen as a single 

structure whereas a main component was seen in association with 1 to 4 smaller 
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structures in 24% of cases. Analyzing in three-dimensions the connective tissue 

network of normal lungs, Verbeken et al also reported that the composition of septal 

structures varied widely in adult lungs (7). These authors described Òextended septaÓ 

containing pulmonary veins and lymphatics that varied from thick fibrous plates to a 

few extracellular fibers with their presence only marked by the course of a vein. In 

66% (62/94) of the study population, superior pulmonary ligaments were seen 

bilaterally. When unilateral, they were more frequently seen in the left than in the 

right upper lobe. On both sides, the most frequent and most prominent ligaments 

were seen in the apical segments (S1), a finding also reported by Sasaki et al (5) and 

Zuo et al (4). Conversely to these authors, we did not identify a single ligament per 

segment but a variable number of structures that ranged between 1 and 4. Our 

observations lead us to consider that these structures do not systematically 

correspond to intersegmental planes as suggested by Zuo et al (4) but represent a 

spectrum of intra- and intersegmental planes. 

 In addition to the morphologic characteristics of superior pulmonary ligaments, 

we also analyzed the sites of their medial attachments, based on a meticulous 

analysis of three anatomical zones in the right upper lobe and four anatomical zones 

in the left upper lobe. In the right upper lobe, we observed that RV1 and its tributaries 

were mainly linked medially to the SVC, a finding observed in 76% of the connections 

(53/70). The SVC was also found to be the most frequent structure on the medial 

side of ligaments connected to RV2. Connections between RV3 and the mediastinum 

were seen in a minority of patients, linking RV3 to posterior, non-vascular anatomical 

structures. In the culmen, we observed 3 predominant sites of medial attachment, 

namely the pulmonary trunk, the aortic arch and the left main pulmonary artery.  In 

the lingula, LS4 veins were mainly connected to the pulmonary trunk whereas LS5 

veins were linked to left cardiac structures. Our results confirm the similarities 
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observed in the configuration of these structures and those described in the lower 

lobes as pulmonary ligaments (1,2), justifying the term of superior pulmonary 

ligaments than that of septal structures proposed by Sasaki et al (5). Both are 

connected to pulmonary veins laterally and their medial ends terminate by a beak 

when reaching the mediastinum. Moreover, they anchor the lungs to the mediastinum 

as recently shown in patients with pneumothorax (5). The long intraparenchymal 

pathway of these structures also strongly differs from the short size of interlobular 

septa. Lastly, fat is not present at the base of interlobular septa whereas it is a 

frequent CT finding at the mediastinal end of these thin, linear hyperattenuating 

structures. 

To our knowledge, no correlations have been established between CT findings 

and the histologic hallmarks of superior pulmonary ligaments. By analogy with the 

intraparenchymal portion of radiologically-defined inferior pulmonary ligaments (1), 

one can suggest that they are composed of connective tissue, in continuity with 

adjacent intraparenchymal interlobular septa, and lymphatics. Sasaki et al suggested 

that these structures serve as pathways for potential communication between the 

lung and mediastinum (5). Injecting subpleural lymphatics of 483 lung segments, 

Riquet et al have already demonstrated the presence of lymphatic drainage directly 

to mediastinal lymph nodes (8). More frequently detected after injection of segments 

in the upper lobes, these direct pathways are often superficial and subpleural but 

they can also be ÒpenetratingÓ. We hypothesize that lymphatics could follow these 

intraparenchymal pathways described in our study to reach mediastinal lymph nodes. 

This study suffers from several limitations. First, we did not make distinction 

between segmental and subsegmental veins on the lateral side of ligaments. This 

choice was dictated by the variability of venous patterns, which would have 

precluded any concise anatomical description. Second, we did not measure the 
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distance between the venous section and the mediastinum. Because of the 

complexity of image reading in the methodology of this study, we did not think 

realistic to include these additional measurements. Third, the rate of detectability of 

superior pulmonary ligaments may have been influenced by some anatomical and 

technical parameters. Too short a distance between the venous section and the 

mediastinal surface of the lung may have made it difficult to identify. Moreover, one 

cannot exclude that image graininess may have hampered the identification of very 

thin structures. However, our findings in the apical segments of both upper lobes are 

in the range of those reported by Sasaki et al and Zuo et al (4,5). 

In conclusion, this study provides a detailed CT description of superior 

pulmonary ligaments that were observed as frequent findings in the studied 

population. 
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Tables 

 

Table 1: Morphologic characteristics of superior pulmonary ligaments (SPL)  

 

 Right & left 

upper lobe 

SPLs 

(n=337) 

Right upper 

lobe SPLs 

 

(n=113) 

Left upper lobe 

 SPLs 

 

(n=224) 

P value 

Principal units     

Number, n 257 91 166  

Height, mm 

mean ± SD 

median 

[range] 

 

10.39 ± 9.11 

8.00 

[2-70] 

 

10.86 ± 7.79 

9.00 

[2-36] 

 

10.14 ± 9.77 

7.00 

[2-70] 

 

0.08 

Secondary units     

Number, n 80 22 58  

Height, mm 

mean ± SD  

median 

[range] 

 

5.34 ±3.80 

5.00 

[2-25] 

 

5.37 ± 3.99 

4.00 

[2-15] 

 

5.33 ± 3.76 

5.00 

[2-25] 

 

0.77 

 

NB: Comparisons of SPLs between the right and left upper lobe were obtained using 

a mixed model with patient effect. 
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Table 2: Morphologic characteristics of the superior pulmonary ligaments in 

the right upper lobe (n=113) 

 

 RS1 

(n=70) 

RS2 

(n=33) 

RS3 

(n=10) 

P value 

Principal units     

Number, n 55 27 9  

Height, mm 

mean ± SD 

median 

[range] 

 

12.80 ± 7.57 

11.00 

[2-28] 

 

6.63 ± 5.16 

5.00 

[2-24] 

 

11.67 ± 11.10 

6.00 

[2-36] 

 

0.0002 

Secondary units     

Number, n 15 6 1  

Height, mm 

mean ± SD  

median 

[range] 

 

6.06 ± 4.62 

4.00 

[2-15] 

 

3.83 ± 0.98 

4.00 

[2-6] 

 

4 

- 

- 

 

 

NA 

 

Abbreviations: R: right; S: segment; NA: not applicable. 

 

NB: The mean height of principal units was compared between the three segments 

using a mixed model with patient effect. 
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Table 3: Mediastinal boundaries of superior pulmonary ligaments in the right 

upper lobe (n=113) 

 

  RV1 

(n=70) 

RV2 

(n=33) 

RV3 

(n=10) 

Level A R1 (retrosternal fat) 0 0 0 

 R2 (SVC-supraazygotic part) 4 0 0 

 R3 (paratracheal fat) 0 0 0 

 R4 (trachea) 0 0 1 
     

Level B R1 (retrosternal fat) 2 1 0 

 R2 (SVC-supraazygotic part) 13 1 0 

 R3 (paratracheal fat) 4 0 0 

 R4 (trachea) 1 0 1 

 R5 (esophagus) 0 0 3 
     

Level C R1 (retrosternal fat) 2 8 0 

 R2 (ascending aorta) 2 9 0 

 R3 (SVC-subazygos part) 31 13 0 

 R4 (azygos arch) 9 0 0 

 R5 (carina) 1 0 0 

 R6 (right main pulm artery) 1 0 0 

 R7 (PWBI) 0 0 5 

 R8 (right atrial appendage) 0 1 0 

 

Abbreviations: pulm: pulmonary; R: right; RVx: right segmental vein; SVC: superior 

vena cava; PWBI: posterior wall of the bronchus intermedius.  
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Table 4: Morphologic characteristics of the superior pulmonary ligaments in 

the left upper lobe (n= 224) 

 

  CULMEN 

(n=148) 

 LINGULA 

   (n=76) 

 LS1 

(n=97) 

LS2 

(n=49) 

LS3 

(n=2) 

LS4 

(n=36) 

LS5 

(n=40) 

Principal units      

Number, n 67 38 2 29 30 

Height, mm 

mean ±SD 

median 

[range] 

 

12.22 ± 9.98 

10.00 

[2-70] 

 

7.21 ± 7.91 

5.00 

[2-46] 

 

6.50 ± 0.71 

6.50 

[6-7] 

 

8.48 ± 10.53 

6.00 

[1-48] 

 

10.83 ± 10.23 

7.00 

[2-48] 

Secondary units      

Number, n 30 11 0 7 10 

Height, mm 

mean ±SD  

median 

[range] 

 

6.0 ± 2.65 

6.00 

[2-11] 

 

3.0 ± 1.61 

2.00 

[2-6] 

 

- 

 

3.29 ± 1.30 

3.00 

[2-5] 

 

7.30 ± 6.78 

5.00 

[2-25] 

 

Abbreviations: L: left; S: segment. 

 

NB: Comparisons of ligament height were obtained using a mixed model with patient 

effect. 
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Table 5: Mediastinal boundaries of the superior pulmonary ligaments in the left 

upper lobe (n=224) 

 

  CULMEN 

(n=148) 

LINGULA 

(n=76) 

  LS1 

(n=97) 

LS2 

(n=49) 

LS3 

(n=2) 

LS4 

(n=36) 

LS5 

(n=40) 

Level A L1 (retrosternal fat) 0 0 0 0 0 

 L2 (brachiocephalic vein) 2 0 0 0 0 

 L3 (supraaortic vessels) 3 0 0 0 0 
       

Level B L1 (retrosternal fat) 2 2 0 0 0 

 L2 (aortic arch) 24 2 0 0 0 
       

Level C L1 (retrosternal fat) 0 11 0 0 0 

 L2 (aortopulm window) 12 0 0 0 0 

 L3 (pulmonary trunk) 33 28 0 21 1 

 L4 (left main pulm artery) 21 5 2 1 0 
       

Level D L1 (left atrial appendage) 0 0 0 7 25 

 L2 (left ventricle) 0 1 0 7 14 

   

Abbreviations: L: left; pulm: pulmonary; S: segment. 
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Figures 

 

Figure 1: Anatomical zones and corresponding anatomical structures analyzed. 

 

The medial end of right-sided superior pulmonary ligaments were analyzed in 3 

anatomical zones: (a) zone A: from the apex to the level of the superior wall of the 

aortic arch; (b) zone B, between the superior and the inferior walls of the aortic arch; 

(c) zone C: from the inferior wall of the aortic arch to the inferior wall of the pulmonary 

trunk. The medial end of left-sided superior pulmonary ligaments were analyzed in 

zones A-D, the latter extending from the inferior wall of the pulmonary trunk to the 

bottom part of the inferior lingular segment.  

For each level and on each side, the mediastinal structures were listed from the 

anterior to the posterior mediastinum. The anatomical structures-of-interest in each 

zone are described in detail in Tables 3 and 5. 
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Figure 2: Transverse CT sections showing the most frequent medial 

attachments of right-sided superior pulmonary ligaments 

 

 

 

Figure 2a: The image shows a thin horizontal line of hyperattenuation (arrowheads) 

linking RV1 to the mediastinum in the vicinity of the sub-azygotic portion of the 

superior vena cava. 
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Figure 2b: The image shows a thin horizontal line of hyperattenuation (arrowheads) 

linking RV2 to the mediastinum immediately above the azygos arch. 
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Figure 3: Transverse CT sections showing the most frequent medial 

attachments of left-sided superior pulmonary ligaments 

 

 

 

Figure 3a: The image shows a horizontal line of hyperattenuation (arrowheads) 

linking LV1+3 to the mediastinum at the level of the left main pulmonary artery. 
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Figure 3b: The image shows a horizontal line of hyperattenuation (arrowheads) 

linking LV1 to the mediastinum at the level of the left main pulmonary artery. 
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Figure 3c: The image shows two horizontal lines of hyperattenuation, linking LV5 to 

the mediastinum. The arrowheads point to the principal ligament and the stars point 

to a secondary ligament, both linking LV5 to the mediastinum at the level of the left 

main pulmonary artery. 
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Abstract 

 

Title: Sites of connection between partial anomalous pulmonary venous return 

and systemic veins in 62 patients (Part II) 

 

Purpose: To investigate whether there are similarities between the most frequent 

sites of pulmonary-to-systemic venous connections of partial anomalous pulmonary 

venous return (PAPVR) and the location of medial ends of superior pulmonary 

ligaments (SPL).  

 

Materials and Methods: The study population was composed of 62 consecutive 

patients with an upper lobe PAPVR evaluated with CT. The sites of pulmonary-to-

systemic venous connections were analyzed using the same scoring system as that 

used to record the sites of mediastinal attachments of SPLs. 

 

Results: In the RUL: (a) there were 3 main patterns of connection for the 46 

anomalous veins: aRV1 (n=16), aRV2 (n=9) and aRV1+2+3 (n=21); (b) the most 

frequent site of connection for aRV1 and aRV2 was similar to the most frequent 

mediastinal contact of SPLs in RS1 and RS2, respectively; (c) the most frequent sites 

of connections of aRV1+2+3 were similar to those of SPLs in RS1. In the LUL: (a) 

there were 7 configurations for the connections of the 54 anomalous veins: aLV1 

(n=15), aLV2 (n=7), aLV4 (n=12), aLV5 (n=1), aLV1+2+3 (n=15), aLV2+4+5 (n=2) 

and aLV1+2+3+4+5 (n=2); (b) except for aLV5, the most frequent level of the 

connection of individual veins was similar to that of SLPs in the corresponding 

segments; (c) when the anomalous vein was draining 3 segments, the most 
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frequent site of connection was found to be similar to the most frequent mediastinal 

attachment of  SPLs of: (a) LS1 for aLV1+2+3 and aLV1+2+3+4+5; (b) LS2 for 

aLV2+4+5. 

 

Conclusion: The similarities between the sites of pulmonary-to-systemic venous 

connections and the mediastinal attachments of SPLs support the hypothesis that the 

latter could be embryologic remnants. 

 

 

Keywords: Partial anomalous pulmonary venous connection Ð Septal structures Ð 

Intersegmental planes Ð CT Ð Chest 

 

 

Abbreviations: PAPVR: partial anomalous pulmonary venous return; R: right; L: left;  

S: segment; V: vein; SPL: superior pulmonary ligament; aRVx: right-sided anomalous 

segmental pulmonary venous drainage; aLVx: left-sided anomalous segmental 

pulmonary venous drainage; RUL: right upper lobe; LUL: left upper lobe. 
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Introduction 

 

Partial anomalous pulmonary venous return (PAPVR) is an uncommon 

congenital anomaly characterized by the failure of one or more pulmonary veins to 

connect to the left atrium during fetal development. The anomalous vein connects to 

the right atrium or its tributaries, creating a left-to-right shunt. Knowledge of the 

embryonic development of the pulmonary venous plexus helps understand the 

observed anatomical findings in presence of PAPVR (1-4). Initially, the pulmonary 

venous blood directly drains into the systemic venous system through the primitive 

venous plexus. Then, a common pulmonary vein develops from the mid-pharyngeal 

esophageal strand by vasculogenesis and connects with the sinoatrial region of the 

heart and the intrapulmonary veins. The preexisting systemic-pulmonary venous 

connections through the primitive venous plexus then degenerate, leaving four 

pulmonary veins. Persistence of part of the embryonic anastomoses between the 

cardinal veins and the primitive venous plexus results in PAPVR. Previously requiring 

invasive confirmation, PAPVR are now easily depicted with cross-sectional CT 

imaging, even on noncontrast CT examinations (5). In the present study, we 

attempted to provide a detailed description of the sites of pulmonary-to-systemic 

venous connections in right and left upper lobe PAPVR in order to validate our 

hypothesis that superior pulmonary ligaments could be remnants of the embryonic 

configuration. 
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Materials & Methods 

 

¥ Population 

 

In our database of consecutive congenital anomalies of the pulmonary 

circulation referred for a chest CT examination (October 1990-July 2013), we 

selected 62 consecutive patients with an upper lobe PAPVR. The study population 

comprised 12 children (6 boys; 6 girls) (mean ±SD age: 5.53 ± 3.74 yr; range: 1-14) 

and 50 adult patients (30 males; 20 females) (mean ±SD age: 53.07 ± 17.77 yr; 

range: 17-88). In pediatric patients, PAPVR had been suspected on ultrasonography 

(n=8) or right heart catheterization (n=4), subsequently confirmed by MDCT. 

Regarding the diagnosis of PAPVR in adult patients, it had been incidentally 

recognized on a chest CT examination indicated in a variety of clinical situations 

(n=39) or diagnosed in the context of increased cardiothoracic ratio, heart failure or 

pulmonary hypertension (n=11). Our institutional Ethics Committee approved the 

study protocol; no patientÕs informed consent was required. 

 

¥ CT examinations 

 

CT scans were performed with (n=48) or without (n=14) administration of 

contrast material on different CT units due to the long period of inclusion, including 

single-slice CT scanners (Somatom Plus, Somatom Plus S, Somatom Plus 4; 

Siemens Healthcare, Forchheim, Germany) (n=9), multidetector-row CT scanners 

(Volume Zoom, Sensation 16, Sensation 64; Siemens Healthcare, Forchheim, 

Germany; Brilliance 64, Philips Healthcare, Best, Netherlands) (n=19) and dual-

source CT scanners (Somatom Definition, Flash; Siemens Healthcare, Forchheim, 
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Germany) (n=34). Cross-sectional imaging consisted of contiguous thin-collimated 

(i.e., 1-mm) CT sections for the most recent scanners (multislice CT and dual-source 

CT units) and contiguous thick-collimated (i.e., 3-mm to 10-mm) CT sections for 

single-slice CT units. The kilovoltage varied from 70 kVp to 140 kVp with adaption of 

the tube current. When available, a 4D dose modulation was used. The rotation time 

and pitch also varied with the CT technology, ranging from 0.27 to 1 s and pitch 0.5 

to 3, respectively. Lung and mediastinal images were reconstructed with filtered-

back-projection (1990-2010), replaced by iterative reconstructions when they became 

available (2010-2013). 

 

¥ CT parameters analyzed 

 

On transverse CT sections, the readers first recorded PAPVR characteristics: 

(a) the segment(s) drained by the anomalous vein; (b) the diameter of the anomalous 

vein; (c) the systemic vein at the level of which it ended.  

By convention, the name of the anomalous vein was preceded by the mention 

ÒaÓ, standing for ÒanomalousÓ, followed by ÒRÓ (i.e., right) or ÒLÓ(i.e., left), ÒVÓ for vein 

and a number referring to the segment drained as defined in the BoydenÕs 

nomenclature (6).  The distal portion of the intraparenchymal course of the 

anomalous vein was analyzed using the same scoring system to that described for 

the analysis of the mediastinal ends of superior pulmonary ligaments (7): (a) 3 

cephalo-caudal zones were considered for analysis of right-sided pulmonary venous 

attachments: zones A-C; (b) 4 cephalo-caudal zones were considered for analysis of 

left-sided pulmonary venous attachments: zones A-D. In each zone, the mediastinal 

contacts were analyzed from the anterior to the posterior areas.  
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¥ Conditions of image interpretation 

 

CT examinations of PAPVR were interpreted by consensus between the two 

radiologists also involved in the reading of the normal population. PAPVR cases were 

read several weeks after the reading of normal patients. The conditions of image 

reading included reading sessions on films for single-slice CT examinations and 

reading sessions on a clinical workstation (Syngo.via, Siemens Healthcare, 

Forchheim, Germany) for MDCT and dual-source CT examinations. 

 

Results 

 

¥ PAPVR depicted in the upper lobes 

 

In the study population, all patients had a unilateral PAPVR (right-sided: n=34; 

left-sided: n= 28). Regarding the number of pulmonary-to-systemic connections, CT 

depicted a total of 46 anomalous venous connections in the RUL and 54 in the LUL. 

On each side, 3 main configurations were observed for the anomalous connections: 

(a) one segmental vein draining into a systemic vein; (b) one segmental vein 

emptying into a nearby segmental vein, both joining the systemic vein; (c) a common 

trunk for all segmental veins of the entire lobe, draining into a systemic vein. 

 

! Right upper lobe PAPVR 

 

As shown in Table 1a, the pulmonary vein joining the systemic circulation was 

(a) aRV1 in 13 cases, draining one (n=5) or two (n=8) segments; (b) aRV2 in 7 
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cases, draining one (n=5) or two (n=2) segments; (c) aRV3 in 5 cases, always seen 

draining a single segment; and (d) a common trunk draining the entire RUL (i.e., 

aRV1+2+3) (n=21). The 46 right-sided anomalous veins drained into the sub-azygotic 

SVC (n=38), the azygos arch (n=6), the supra-azygotic SVC (n=1) and the right atrial 

appendage (n=1). 

 

! Left upper lobe PAPVR 

 

As shown in Table 1b, the pulmonary vein joining the systemic circulation was 

(a) aLV1 in 11 cases, draining one (n=3) or two (n=8) segments; (b) aLV2 in 7 cases, 

draining one (n=5) or two (n=2) segments; (c) aLV3 in 4 cases, always seen draining 

a single segment; (d) aLV4 in 12 cases, draining one (n=1) or two (n=11) segments; 

and (e) aLV5, draining one segment (n=1). In 19 cases, the abnormal venous 

drainage received 3 tributaries, namely culminal branches (n=15), culminal and 

lingular branches (n=2) or all segmental veins of the left upper lobe (n=2). The 54 

left-sided PAPVR drained into a vertical vein that joined the left brachiocephalic vein 

at variable anatomical levels: the left main pulmonary artery (n=22), pulmonary trunk 

(n=15), aortic arch (n=6); aortopulmonary window (n=6), and left atrial appendage 

(n=5). 

 

¥ Sites of pulmonary-to-systemic venous connections  

 

! Right upper lobe PAPVR 

 

As shown in Table 2a, the distal portion of the anomalous vein was mainly seen 

joining the SVC in level C, namely below the azygos arch; this configuration was 
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observed in 85% of cases in RS1 (11/13), 100% of cases in RS2 (7/7), 60% of cases 

in RS3 (3/5) and 81% of cases (17/21) in presence of a lobar venous drainage.  

The distal portions of aRV1 and a RV2 were anteriorly located, joining a nearby 

and also anteriorly located systemic vein. The distal portions of aRV3 (n=5) had a 

posteroanterior pathway before reaching the systemic vein, with a course similar to 

that observed for aRV1 (3/5) and aRV2 (2/5). Theses anatomical findings led us to 

record them as having an aRV1 (3/5) or aRV2 (2/5) pattern of pulmonary-to-systemic 

connection. Consequently, 3 main configurations were observed for the pulmonary-

to-systemic connections in the RUL: aRV1 (n=16), aRV2 (n=9) and aRV1+2+3 

(n=21) (Table 2b). 

 

! Left upper lobe PAPVR 

 

Table 3a summarizes the anatomical levels at which the anomalous vein was 

seen joining the vertical vein. In 43 out of 54 cases (80%), the anomalous vein joined 

the vertical vein at level C, mainly in the vicinity of the pulmonary trunk or left main 

pulmonary artery (37/54; 69%).  The venous connection was observed at level B in 6 

cases (6/54; 11%), in the vicinity of the aortic arch and at level D in 5 cases (5/54; 

9%) near the left atrial appendage. 

For the purpose of subsequent comparative analysis, the sites of pulmonary-to-

systemic venous connections were analyzed after two modifications of the initial 

scoring system that are summarized in Table 3b. Because the distal portions of aLV3 

had a similar course to that observed for aLV1 reaching the vertical vein, the sites of 

connection of the corresponding 4 anomalous veins were included into the aLV1 

group, leading to a total of 7 configurations: aLV1 (n=15), aLV2 (n=7), aLV4 (n=12), 

aLV5 (n=1), aLV1+2+3 (n=15), aLV2+4+5 (n=2) and aLV1+2+3+4+5 (n=2). 
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Considering the sites of pulmonary-to-systemic venous connection, we considered 

that the contacts described as L3 and L4 on level C could be considered as a single 

site, both referring to the pulmonary artery and being only distant by a few cm on a 

transverse CT section.  

 

¥ Comparison of the sites of mediastinal attachments of PAPVR and 

superior pulmonary ligaments  

 

! Right upper lobe PAPVR  

 

Graph 1 compares the sites of pulmonary-to-systemic venous connections of 

the 46 anomalous veins and the sites of mediastinal attachments of superior 

pulmonary ligaments in the RUL. The most frequent configuration for aRV1 (Graph 

1a) and aRV2 (Graph 1b) was similar to the most frequent mediastinal contact of 

superior pulmonary ligaments in RS1 and RS2, respectively. Regarding aRV1+2+3, 

the most frequent sites of connections were similar to the mediastinal contacts of 

superior pulmonary ligaments in RS1 (Graph 1c). These similarities are illustrated in 

paired images (Figure 1; Figure 2). In the RUL, an ÒaRV1 pattern of pulmonary-to-

systemic venous drainageÓ was observed in 80% of cases (37/46 PAPVR). 

 

! Left upper lobe PAPVR 

 

Graph 2 compares the sites of pulmonary-to-systemic venous connections of 

the 54 anomalous veins and the sites of mediastinal attachments of superior 

pulmonary ligaments in the LUL. Except for aLV5, the most frequent level of 
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pulmonary-to-systemic venous connection for individual anomalous veins was similar 

to that of SLPs in corresponding segments (Graphs 2a-2d).  

When the anomalous vein was draining 3 segments, the most frequent site of 

the pulmonary-to-systemic venous connection was found to be similar to the most 

frequent mediastinal contact of superior pulmonary ligaments of: (a) LS1 for 

aLV1+2+3 and aLV1+2+3+4+5; (b) LS2 for aLV2+4+5. These similarities are 

illustrated in paired images (Figure 3; Figure 4). In the LUL, an ÒaLV1 pattern of 

pulmonary-to-systemic venous drainageÓ was observed in 52% of cases (28/54 

PAPVR analyzed). 

 

Discussion 

 

To our knowledge, this is the first detailed description of the sites of pulmonary-

to-systemic venous connections in the largest series of right and left upper lobe 

PAPVR. Whereas there are numerous articles in the radiological and surgical 

literature describing the systemic vessel to which the anomalous pulmonary veins are 

connected (8-10), the distal portion of the intraparenchymal course of the anomalous 

vein has never been specifically analyzed. Considering that the knowledge of these 

anatomical features was a sine qua non condition to test our hypothesis, we carefully 

analyzed the anatomical configurations in 62 consecutive patients diagnosed with an 

upper lobe PAPVR over a 23 year-period. The observed configurations were in the 

range of those described in the literature from autopsy reports (1,11,12) and CT 

findings (5,13). The most common form of PAPVR is a right-sided venous return to 

the superior vena cava, followed by a left-sided venous return to the vertical-

innominate vein. In our series, 85% (39/46) of right PAPVRs drained into the superior 
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vena cava and 100% (54/54) of left PAPVRs drained into an anomalous vertical vein 

before joining the left brachiocephalic vein. Whereas anomalous connections of left-

sided venous returns were found less common than anomalous right-sided veins in 

autopsy series, the anomalous vein was most commonly seen from the left upper 

lobe on adult chest CT examinations (5,13,14). In our study group composed of 50 

adults and 12 children, there were 34 right-sided and 28 left-sided PAPVRs. 

Regarding the pulmonary-to-systemic venous connections, we considered 3 

main configurations in the RUL, namely the junction of two isolated anomalous 

segmental veins (aRV1 and aRV2), and that of the common trunk draining the entire 

right upper lobe. The justification for integrating aRV3 in the aRV1 or aRV2 patterns 

of connections was suggested by the similarities observed in the distal course of 

anomalous veins. In the left upper lobe, we analyzed 7 configurations of pulmonary-

to-systemic venous connections after integrating aLV3 PAPVR to the aLV1 subgroup 

on the basis of a similar convention as that described for aRV3. The upper lobe 

configurations comprised 4 isolated anomalous segmental patterns (aLV1, aLV2, 

aLV4, aLV5) and 3 common trunks with 3 tributaries (aLV1+2+3, aLV2+4+5 and 

aLV1+2+3+4+5). Using the same scoring system as that used to describe the 

anatomical characteristics of superior pulmonary ligaments, it was then possible to 

compare the distribution of sites of mediastinal contacts in the two populations. In the 

right upper lobe, the most frequent site of connection of aRV1 and aRV2 was similar 

to the most frequent mediastinal contact of superior pulmonary ligaments in RS1 and 

RS2, respectively. Regarding the anomalous venous drainage of the entire RUL (i.e., 

aRV1+2+3), its most frequent site of connection was found to be similar to the most 

frequent mediastinal contact of superior pulmonary ligaments in RS1. In the LUL, we 

observed that the most frequent site of connection of individual anomalous veins was 

similar to the most frequent mediastinal contact of superior pulmonary ligaments in 
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the corresponding segments. The only exception was aLV5 but this anomalous vein 

was only examined in 2 cases. When the anomalous vein was draining 3 segments, 

the most frequent site of the pulmonary-to-systemic venous connection was also 

found to be similar to the most frequent mediastinal contact of superior pulmonary 

ligaments of LS1 and LS2. It is also interesting to note that the predominant 

configuration of pulmonary-to-systemic venous connections was observed in 

segments showing the largest number of connections between pulmonary veins and 

the mediastinal surface. In the RUL, 80% of anomalous veins were seen to follow an 

aRV1 pattern of pulmonary-to-systemic venous drainage. It is also in the apical 

segment of the RUL that most superior pulmonary ligaments were observed (70/113; 

62%). Considering the 54 culminal PAPVR, 52% of them (28/54) had an aLV1 

pattern of pulmonary-to-systemic venous drainage. It is also in the apical segment of 

the culmen (LS1) that most culminal superior pulmonary ligaments were depicted 

(91/148; 65.5%). These anatomical findings suggest that the thin lines of 

hyperattenuation linking pulmonary veins to the mediastinum, described as superior 

pulmonary ligaments in the present study, could represent remnants of primitive 

venous plexus. 

Several limitations of this study have to be acknowledged. First, the frequency 

of pulmonary-to-systemic venous connections was only analyzed in 62 patients. 

However, this series is the largest series of consecutive patients with PAPVR studied 

with CT reported in the literature and can serve as an acceptable population for the 

anatomic analyses undertaken in the present study. Second, we did not provide 

histologic description of the superior pulmonary ligaments where the presence of 

lymphatics could have reinforced our hypothesis (15,16). 

In conclusion, the similarities in configuration between the sites of pulmonary-to-

systemic venous connections and mediastinal attachments of SPLs support our 
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hypothesis according to which SPLs could be remnants of communications between 

the primitive venous plexus and cardinal veins. 
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Tables 

 

Table 1a: PAPVR configurations in the right upper lobe (n=46) 

 

 

Abbreviations: a: anomalous; R: right; V: vein; PAPVR: pulmonary anomalous partial 

venous return. 

  

 Number Diameter, mm 

Detailed description mean ±SD [range] 

PAPVR draining a single segment 

     - aRV1 

     - aRV2 

     - aRV3 

 

5 

5 

5 

 

7.20 ± 2.28 

9.0 ± 6.56 

10.20 ± 5.72 

 

[5-10] 

[3-16] 

[5-20] 

PAPVR draining 2 segments 

     - aRV2 joining RV1 

     - aRV3 joining RV2 

     - aRV3 joining RV1 

 

4 

2 

4 

 

11.50 ± 4.65 

8.0 ± 2.83 

6.50 ± 2.12 

 

[7-18] 

[6-10] 

[5-8] 

PAPVR draining 3 segments 

     - aRV1+RV2+RV3 

 

21 

 

13.08 ± 5.45 

 

[5-24] 

Summary of venous drainage patterns 

     - aRV1 

     - aRV2 

     - aRV3 

     - aRV1+2+3 

13 

7 

5 

21 
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Table 1b: PAPVR configurations in the left upper lobe (n=54) 

 

Abbreviations: a: anomalous; L: left; V: vein; PAPVR: partial anomalous pulmonary 

venous return. 

  

 Number Diameter, mm 

Detailed description  mean ±SD [range 

PAPVR draining a single segment 

     - aLV1 

     - aLV2 

     - aLV3 

     - aLV4 

     - aLV5 

 

3 

5 

4 

1 

1 

 

6.00 ± 5.66 

5.4 ± 1.02 

7.67 ± 1.53 

6.00 

6.00 

 

[2-10] 

[2-7] 

[6-9] 

- 

- 

PAPVR draining 2 segments 

     - aLV2 joining LV1 

     - aLV3 joining LV2 

     - aLV3 joining LV1 

     - aLV4 joining LV2 

     - aLV5 joining LV4 

 

2 

1 

6 

1 

11 

 

10.00 

- 

7.50 ± 2.65 

8.00 

7.14 ± 3.48 

 

[10-10] 

- 

[5-11] 

- 

[4-12] 

PAPVR draining 3 segments 

     - aLV1+2+3 

     - aLV2+4+5 

 

15 

2 

 

7.90 ± 2.28 

7.00 ± 1.41 

 

[5-11] 

[6-8] 

PAPVR draining 5 segments 

     - aLV1+2+3+4+5 

 

2 

 

10.50 ± 2.12 

 

[9-12] 

Summary of venous drainage patterns 

     - aLV1 

     - aLV2 

     - aLV3 

     - aLV4 

     - aLV5 

     - "3 tributaries 

11 

7 

4 

12 

1 

19 
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Table 2a: Sites of pulmonary-to-systemic venous connections in the right 

upper lobe (n=46) 

 

Abbreviations: SVC: superior vena cava; pulm: pulmonary; PWBI: posterior wall of 

bronchus intermedius; aRVx=right segmental anomalous pulmonary vein; R: right. 

 

NB: The most frequent sites of pulmonary-to-systemic venous connections are 

underlined in green. 

  

  aRV1 

(n=13) 

 

-aRV1 (n=5) 

-aRV1+2 (n=4) 

-aRV1+3 (n=4) 

aRV2 

(n=7) 

 

-aRV2 (n=5) 

-aRV2+3 (n=2) 

 

aRV3 

(n=5) 

 

-aRV3 (n=5) 

 

aRV1+2+3   

(n=21) 

Level A R1 (retrosternal fat) 0 0 0 0 

 R2 (SVC-supraazygos) 0 0 0 0 

 R3 (paratracheal fat) 0 0 0 0 

 R4 (trachea) 0 0 0 0 
      

Level B R1 (retrosternal fat) 0 0 0 0 

 R2 (SVC-supraazygos) 1 0 0 0 

 R3 (paratracheal fat) 0 0 0 0 

 R4 (trachea) 0 0 0 0 

 R5 (esophagus) 0 0 0 0 
      

Level C R1 (retrosternal fat) 0 0 0 0 

 R2 (ascending aorta) 0 0 0 0 

 R3 (SVC-subazygos) 11 7 3 17 

 R4 (azygos arch) 1 0 2 3 

 R5 (carina) 0 0 0 0 

 R6 (right pulm artery) 0 0 0 0 

 R7 (PWBI) 0 0 0 0 

 R8 (right atrial appendage) 0 0 0 1 
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Table 2b: Summary of the sites of pulmonary-to-systemic venous connections 

in the right upper lobe (n=46) 

  aRV1 

(n=16) 

  

-aRV1 (n=5) 

-aRV1+2 (n=4) 

-aRV1+3 (n=4) 

-aRV3 (n=3) 

aRV2 

(n=9) 

  

-aRV2 (n=5) 

-aRV2+3 (n=2) 

-aRV3 (n=2) 

aRV1+2+3   

(n=21) 

Level A R1 (retrosternal fat) 0 0 0 

 R2 (SVC-supraazygos) 0 0 0 

 R3 (paratracheal fat) 0 0 0 

 R4 (trachea) 0 0 0 
     

Level B R1 (retrosternal fat) 0 0 0 

 R2 (SVC-supraazygos) 1 0 0 

 R3 (paratracheal fat) 0 0 0 

 R4 (trachea) 0 0 0 

 R5 (esophagus) 0 0 0 
     

Level C R1 (retrosternal fat) 0 0 0 

 R2 (ascending aorta) 0 0 0 

 R3 (SVC-subazygos) 12 9 17 

 R4 (azygos arch) 3 0 3 

 R5 (carina) 0 0 0 

 R6 (right pulm artery) 0 0 0 

 R7 (PWBI) 0 0 0 

 R8 (right atrial appendage) 0 0 1 

 

Abbreviations: SVC: superior vena cava; PWBI: posterior wall of bronchus 

intermedius; pulm: pulmonary; aRVx=right segmental anomalous pulmonary vein. 

 

NB: The most frequent sites of pulmonary-to-systemic venous connections are 

underlined in green. 
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Table 3a: Sites of pulmonary-to-systemic venous connections in the left upper 

lobe (n=54) 

  aLV1 

(n=11) 

 

-aLV1 

(n=3) 

-aLV1+2 

(n=2) 

-aLV3 

(n=6) 

 

aLV2 

(n=7) 

 

-aLV2 

(n=5) 

-aLV2+3 

(n=1) 

-aLV2+4 

(n=1) 

aLV3 

(n=4) 

aLV4 

(n=12) 

 

-aLV4 

(n=1) 

-aLV4+5 

(n=11) 

aLV5 

(n=1) 

aLV1+

2+3 

(n=15) 

aLV2+

4+5 

(n=2) 

aLV1+

2+3+4

+5 

(n=2) 

          

Level 

A 

L1 (retrosternal fat) 0 0 0 0 0 0 0 0 

L2 (brachiocephalic vein) 0 0 0 0 0 0 0 0 

L3 (supraaortic vessels) 0 0 0 0 0 0 0 0 
          

Level 

B 

L1 (retrosternal fat) 0 0 0 0 0 0 0 0 

L2 (aortic arch) 2 0 0 0 0 4 0 0 
          

Level 

C 

L1 (retrosternal fat) 0 0 0 0 0 0 0 0 

L2 (aortopulm window) 1 0 1 0 0 4 0 0 

L3 (main pulm artery) 5 0 3 2 0 3 1 1 

 L4 (left pulm artery) 3 7 0 5 1 4 1 1 
          

Level 

D 

L1 (left atrial appendage) 0 0 0 5 0 0 0 0 

L2 (left ventricle) 0 0 0 0 0 0 0 0 

 

Abbreviations: aLVx=left segmental anomalous pulmonary vein; pulm: pulmonary 
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Table 3b: Summary of the sites of pulmonary-to-systemic venous connections 

in the left upper lobe (n=54) 

  aLV1 

(n=15) 

 

-aLV1 

(n=3) 

-aLV1+2 

(n=2) 

-aLV3 

(n=6) 

-aLV3 

(n=4) 

aLV2 

(n=7) 

 

-aLV2 

(n=5) 

-aLV2+3 

(n=1) 

-aLV2+4 

(n=1) 

aLV4 

(n=12) 

 

-aLV4 

(n=1) 

-aLV4+5 

(n=11) 

aLV5 

(n=1) 

 

aLV1+2

+3 

(n=15) 

aLV2+4

+5 

(n=2) 

aLV1+2

+3+4+5 

(n=2) 

         

Level 

A 

L1 (retrosternal fat) 0 0 0 0 0 0 0 

L2 (brachiocephalic vein) 0 0 0 0 0 0 0 

 L3 (supraaortic vessels) 0 0 0 0 0 0 0 
         

Level 

B 

L1 (retrosternal fat) 0 0 0 0 0 0 0 

L2 (aortic arch) 2 0 0 0 4 0 0 
         

Level 

C 

L1 (retrosternal fat) 0 0 0 0 0 0 0 

L2 (aortopulm window) 2 0 0 0 4 0 0 

L3 (main pulm artery)  

& L4 (left pulm artery) 
11 7 7 1 7 2 2 

         

Level 

D 

L1 (left atrial appendage) 0 0 5 0 0 0 0 

L2 (left ventricle) 0 0 0 0 0 0 0 

 

Abbreviations: aLVx=left segmental anomalous pulmonary vein; pulm: pulmonary 
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Graphs 

 

Graph 1: Distribution of sites of pulmonary-to-systemic venous connections of 

right upper lobe PAPVR and mediastinal attachments of superior pulmonary 

ligaments in the right upper lobe. 

 

 

 

Graph 1a: Distribution of sites of aRV1 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to RV1 (blue). 
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Graph 1b: Distribution of sites of aRV2 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to RV2 (blue). 
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Graph 1c: Distribution of sites of aRV1+2+3 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to RV1 (blue). 
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Graph 2: Distribution of sites of pulmonary-to-systemic venous connections of 

left upper lobe PAPVR and mediastinal attachments of superior pulmonary 

ligaments in the left upper lobe. 

 

 

 

Graph 2a: Distribution of sites of aLV1 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV1 (blue). 
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Graph 2b: Distribution of sites of aLV2 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV2 (blue). 
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Graph 2c: Distribution of sites of aLV4 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV4 (blue). 
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Graph 2d: Distribution of sites of aLV5 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV5 (blue). 
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Graph 2e: Distribution of sites of aLV1+2+3 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV1 (blue). 
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Graph 2f: Distribution of sites of aLV2+4+5 connections (red) versus mediastinal 

attachments of superior pulmonary ligaments connected to LV2 (blue). 
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Graph 2g: Distribution of sites of aLV1+2+3+4+5 connections (red) versus 

mediastinal attachments of superior pulmonary ligaments connected to LV1 (blue). 
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Figures 

 

Figure 1: Paired images illustrating similarities between the configurations of 

SPLs and anomalous veins. 

 

 

 

Figure 1a: Transverse CT section obtained at the level of the right main bronchus 

(lung image; magnified view). Note the presence of a thin, linear hyperattenuating 

structure (arrowheads) linking RV1 to the mediastinum. The mediastinal attachment 

of the superior pulmonary ligament is in contact with the lateral border of the sub-

azygotic portion of the superior vena cava. 

Figure 1b: Transverse CT section obtained at the level of the right main bronchus 

(mediastinal image; magnified view). The distal portion of aRV1 has a similar 

orientation as that of the superior pulmonary ligament on Figure 1a, draining into the 

sub-azygotic portion of the superior vena cava at the level of its postero-lateral 

border. 
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Figure 2: Paired images illustrating similarities between the configurations of 

SPLs and anomalous veins. 

 

 

 

Figure 2a: Transverse CT section obtained at the level of the right upper lobe 

bronchus (lung image; magnified view). Note the presence of a thin, linear 

hyperattenuating structure (arrowheads) linking RV2 to the mediastinum. The 

mediastinal attachment of the superior pulmonary ligament is in contact with the 

lateral border of the sub-azygotic portion of the superior vena cava. 

Figure 2b: Transverse CT section obtained at the level of the right upper lobe 

bronchus (mediastinal image; magnified view). The distal portion of aRV2 has a 

similar orientation as that of the superior pulmonary ligament on Figure 2a, draining 

into the sub-azygotic portion of the superior vena cava at the level of its lateral 

border. 
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Figure 3: Paired images illustrating similarities between the configurations of 

SPLs and anomalous veins. 

 

 

 

Figure 3a: Transverse CT section obtained at the level of the left apico-dorsal 

bronchus (lung image; magnified view). Note the presence of a thin, linear 

hyperattenuating structure (arrowheads) linking LV1 to the mediastinum. The 

mediastinal attachment of the superior pulmonary ligament is in contact with the 

lateral border of the left main pulmonary artery. 

Figure 3b: Transverse CT section obtained at the level of the left apico-dorsal 

bronchus (mediastinal image; magnified view). The distal portion of aLV1 has a 

similar orientation as that of the superior pulmonary ligament on Figure 3a, before 

joining the anomalous vertical vein (arrow). 
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Figure 4: Paired images illustrating similarities between the configurations of 

SPLs and anomalous veins. 

 

 

 

Figure 4a: Transverse CT section obtained at the level of the apico-dorsal bronchi 

(lung image; magnified view). Note the presence of a thin, linear hyperattenuating 

structure (arrowheads) linking LV1 to the mediastinum. The mediastinal attachment 

of the superior pulmonary ligament is in the vicinity of the aortic arch. 

Figure 4b: Transverse CT section obtained at the level of the apico-dorsal bronchi 

(mediastinal image; magnified view). The distal portion of aLV1 has a similar 

orientation as that of the superior pulmonary ligament on Figure 4a, before joining 

the anomalous vertical vein (arrow). 
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TROISIEME  PARTIE : CONCLUSION 

 

 

Les ligaments pulmonaires sup�rieurs correspondent aux fines lignes 

dÕhyperatt�nuation fr�quemment visualis�es sur les examens tomodensitom�triques 

thoraciques et doivent �tre distingu�s des septums interlobulaires ou des plans 

intersegmentaires. 

Bien quÕil ne propose pas de confrontation aux donn�es histologiques ou 

autopsiques, le travail pr�sent� propose chez lÕadulte une description 

tomodensitom�trique de lÕanatomie de ces ligaments qui nÕavaient encore jamais �t� 

consid�r�s isol�ment. Du fait des contraintes techniques et dosim�triques chez le 

jeune enfant en tomodensitom�trie thoracique, la d�tection de telles structures et 

lÕ�tude de leur �volution avec lÕ�ge paraissent plus difficiles. 

La forte similitude entre les sites pr�f�rentiels de terminaison syst�mique des 

retours veineux pulmonaires anormaux partiels des lobes sup�rieurs et ceux des 

attaches m�diastinales des ligaments pulmonaires sup�rieurs sugg�re que ces-

derniers puissent repr�senter les vestiges dÕanastomoses embryonnaires entre le 

plexus veineux pulmonaire primitif et la circulation syst�mique cardinale. On peut 

alors envisager deux options �volutives possibles pour les anastomoses splanchno-

cardinales : leur fermeture, physiologique au cours de la p�riode centrale du 

d�veloppement des veines pulmonaires, conduirait � la formation de ligaments 

pulmonaires sup�rieurs alors que leur persistance, secondaire � un accident 

dÕ�volution, aboutirait � un retour veineux pulmonaire anormal partiel. 
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De la m�me mani�re que les veines p�ri-ombilicales peuvent se 

reperm�abiliser au sein du ligament rond en cas dÕhypertension portale, on peut 

alors supposer que les ligaments pulmonaires sup�rieurs puissent autoriser une 

communication directe entre le poumon et le m�diastin. 

Les ligaments pulmonaires sup�rieurs nÕayant �t� jusquÕalors que tr�s peu 

�tudi�s, leur implication en pratique clinique reste hypoth�tique : voie potentielle de 

communication et donc de diss�mination n�oplasique entre le parenchyme 

pulmonaire et le m�diastin ; retard diagnostique de processus pathologiques 

entrainant la r�traction du poumon du fait dÕune modification de leur pr�sentation 

radiographique habituelle ; reperm�abilisation en cas de syndrome cave sup�rieur 

chronique ou de maladie veino-occlusive pulmonaire ; ou encore r�le �ventuel dans 

le cloisonnement des �panchements pleuraux. 
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