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There are two forms of congenital 
transposition of the pulmonary vein. 
All direct communication with the  
heart is lacking in cases of to tal tra n s­
position, whereas — in partial tra n s­
position — only some of the pulm o­
nary  veins drain into the right side 
of the  heart either directly or via the 
systemic veins (V. cava superior, inno­
m inate vein, coronary sinus, V. cava 
inferior, V. cava superior sinistra per- 
sistens, left subclavian, portal, gastric 
and azygos veins, etc.). The anomaly 
is usually associated with a defect of 
the  atrial septum.

T o our knowledge, no more than  
11 cases have so far been reported in 
w hich  the pulm onary vein drained  
in to  the azygos vein .

In  the 3rd or 4th  week o f  in trau te­
rine life, i.e. a t th e  tim e o f  grow th o f  
th e  lung bud, there appears a ven ou s  
p lexus (plexus in testinus prim us) 
w hich is soon com m unicating w ith  
th e  um bilical veins v ia  the cardinal 
and th e  vitello-um bilical veins. E n d o­
thelia l proliferation from the sinoatrial 
region o f  the em bryonic heart starts  
a t th e  sam e tim e; it unites w ith th e

said prim ary pulmonary venousplexus 
to form the common pulm onary vein. 
Situated in the midline, this new vessel 
bifurcates in the course of develop­
ment, and conveys blood from the 
(meantime likewise bifurcated) lung 
bud to  the left atrium . After repeated 
forkings, this vein subsequently in­
vades the lungs, while the left atrium  
expands. F irst the trunk  of the  com­
mon pulmonary vein, then its p ri­
mary and secondary branches are 
incorporated by the wall of the (mean­
while formed) left atrium  so tha t, 
finally, blood flows into the  left 
atrium  by four perm anent pulm onary 
veins. This process of development 
goes hand in hand with a degenera­
tion or disappearance of the cardinal 
and vitello-umbilical veins.

Total or partial transposition is the 
consequence of an abnormal develop­
ment of the common pulm onary vein. 
If, in cases of to ta l transposition, the 
blood passes through the cardinal and 
vitello-umbilical veins, these adap t 
themselves to the increased flow by 
dilatation. I f  it is in the left pulm o­
nary trunk  th a t the developmental
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anom aly occurs, the  blood will flow 
to  th e  left cardinal vein ( via the  future 
У. cava superior persistens sinistra 
in to  the  coronary sinus and/or through 
the  innom inate vein into the  V. cava 
superior and the right atrium ). Under 
suitable conditions, the  pulmonary 
veins of the right side may, in a like 
m anner, open into the  righ t cardinal 
vein (the V. cava superior).

I t  also happens th a t  th e  common 
pulm onary vein is d isturbed in its 
developm ent while the  vitello-umbi- 
lical veins fail to degenerate. The 
pulm onary veins m ay in such cases 
drain into the heart (directly into the 
righ t atrium , the V. cava inferior, the 
porta l vein, the gastric, th e  hepatic 
or th e  azygos vein) through the 
preserved vitello-umbilical vessels.

Malformation of the  a tria l septum, 
too, m ay give rise to  transposition of 
the  pulm onary veins. Physiologically, 
the  septum  primum is formed on the 
righ t side of the common pulmonary 
vein, so th a t the pulm onary veins 
issuing from the prim ary tru n k  empty 
in to  the left atrium . If, however, the 
a tr ia l septum turns left in the course 
o f development, the  orifice of the 
common pulmonary vein will open 
in to  the right atrium .

R eport op a  Case

V . D ., a  fem ale ch ild  11 y ea rs  o f  age, 
w as a d m itte d  in  M arch , 1964. T he p a tie n t 
h a d  been  know n to  h a v e  h e a r t  disease 
s in ce  th e  age o f 4; a t  th e  ag e  o f  7 sh e  had  
h a d  a  suspicious X -ra y  sh ad o w  in  th e  
th o ra x . She h ad  f re q u e n tly  h a d  u p p er 
re s p ira to ry  ca ta rrh s .

Fig. 1. Preoperative antero posterior 
roentgenogram

A t adm ission  th e  child  w as m o d e ra te ly  
developed , lean . T here  w as a n  ejec tion  
m u rm u r  filling  one h a lf  to  tw o  th ird s  o f 
th e  sy s to le , w ith  th e  p u n c tu m  m ax im u m  
in  th e  le f t p a ra s te rn a l line a t  th e  h e ig h t 
o f  th e  second  in te rc o s ta l space; th e  second 
sou n d  w as w idely  red u p lic a ted . L iv e r and  
sp leen  w ere n o t pa lp ab le . B lood p ressu re  
w as 120/90 m m  H g ; pu lse  ra te , 100/m in. 
L a b o ra to ry  te s ts  w ere n ega tive . T horacic  
X -ra y s  show ed c lea r p e rih ila r  fie lds, h y p e r­
v a scu la riz a tio n  a n d  d ila ted  c e n tra l vessels 
in  th e  h ilum . T he m ed ia s tin a l sh ad o w  w as 
w idened  a t  th e  h e ig h t o f  th e  r ig h t h ilum  
w hence  a  shadow , suggestive o f  a n  a b e rra n t 
p u lm o n a ry  vein , ra n  up w ard . T he le ft 
side o f  th e  h e a r t  ex ten d ed  to  th e  m edio- 
c lav icu la r line. T he r ig h t v en tric le  w as 
co n sid e rab ly  d ila ted , th e  le f t w as d isplaced, 
th e  re tro c a rd ia l space free, th e  a o r ta  
n o rm a l. T he oesophagus show ed a n  im p res­
sion  m ad e  b y  th e  p u lm o n a ry  a r te ry  (Fig. 
1). E C G : lim b leads show ed a  d ev ia tio n  o f  
th e  e lec tric  ax is  to  th e  r ig h t; th o rac ic  
lead s revea led  a n  incom plete  r ig h t bund le  
b ra n c h  b lock, r ig h t v e n tr ic u la r  h y p e r­
t ro p h y  an d  ta ll  sp iked  P -w aves.

C ard iac  ca th e te r iz a tio n  gave  th e  follow ­
ing  re su lts .
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Pressure Blood oxygen,
(mm Hg) per cent

V. c a v a  superio r 
V. c a v a  superio r

— 68

a t  op en in g  
in to  r ig h t
a tr iu m — 95

V. c a v a  in ferio r — 78
R ig h t a tr iu m 8/3 91 86.5, 89, 83
R ig h t ven tric le 40/2 85, 84
P u lm o n a ry  a rte ry ,

t ru n k 40/12 83.5
r ig h t b ranch  30/10 85
le f t b ran ch 40/12 85

P u lm o n a ry  
cap illa ry  

L e ft p u lm o n ary
18/10 -

vein , w edge 18/10 94
overall 18/6 90

L e ft a tr iu m 8/2 91.5
P u lm o n a ry  vein 

d ra in in g  in to  
V .c a v a
su p erio r - 93.5

T he  c a th e te r  passed  from  th e  rig h t to  
th e  le f t a tr iu m  an d  th e  le f t p u lm onary  
vein . T he  a tr ia l d e fec t w as a t  th e  low er 
p a r t  o f  th e  sep tum . T h ere  w as a free  
passage  from  th e  V. c a v a  superior to  th e  
r ig h t p u lm o n ary  vein.

T he  p a tie n t w as o p e ra te d  upon on J u n e  
16, 1964, in h y p o th e rm ia  o f  30°C. F rom  a  
lo n g itu d in a l m ed ian  s te rn o to m y  the  p e r i­
c a rd iu m  w as opened a lo n g  th e  rig h t ph ren ic  
nerve . T he  r ig h t a tr iu m  a n d  ventricle w ere 
co n siderab ly  en larged . T he p u lm onary  
a r te ry  w as th ick e r th a n  th e  ao rta , an d  a  
sy s to lic  th r il l  w as p a lp ab le  above it. A  4 
cm  seg m en t o f  th e  V . c a v a  superior, before 
its  op en in g  in to  th e  r ig h t a tr iu m , had  a  
w id th  o f  a b o u t 2.5 cm . T he  rig h t p leu ra l 
c a v ity  w as opened a n d  th e  overlapping  
p a r t  o f  th e  p e rica rd iu m  w as detached  fro m  
th e  V . cav a  superio r. T h e  r ig h t lung w as 
com posed o f tw o lobes sep a ra ted  by  a n  
a b o u t 2 cm  th ick  an d  3 to  5 cm w ide 
sep tu m  w hich ex ten d ed  to  th e  h ilar a rea . 
S ince i t  im peded  o rie n ta tio n , i t  was d iv ided  
along  i ts  w hole leng th . T h e  h ila r  s tru c tu re s

F ig . 2. Schem atic  il lu s tra tio n  o f  th e  
opera tion

F ig . 2a. P reo p era tiv e  co n d itio n . D o tte d  
line  in d ica te s  sep ta l defect an d  o p en in g  of 
th e  azygos vein. Side b ran ch es  o f  th e  

la t te r  a re  liga ted

F ig . 2b. T he  V . cava  superio r is lo n g itu d in a l­
ly  d iv id ed  b y  k n o t su tu re  p assed  th ro u g h  
a  T eflo n  b an d . H a lf  pu rse  s tr in g  su tu re  
is ap p lied  to  th e  o u te r surface  o f  th e  r ig h t 

a tr iu m . T he  azygos vein  is lig a te d

w ere  d issec ted  free o f  th e  n e ig h b o u rin g  
tissues . T he  veins o f th e  u p p e r  a n d  th e  
low er lobe w ere well d is tin g u ish ab le . T he 
tw o  p u lm o n a ry  veins opened  in to  th e  
azygos vein  w hich had  th e re  a  d ia m e te r  
o f  2.2 cm . T his vein w as o n ly  1 cm  in  d ia-
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F ig . 2c. T he  V . c a v a  su p e r io r  an d  inferior, 
th e  a o r ta  and  p u lm o n a ry  a r te ry  a re  
c lam p ed ; th e  r ig h t a tr iu m  h as  been ope­
n e d . T he a tr ia l  se p tu m  is sp lit  open  tow ard  

th e  V. c a v a  su p erio r

Fig. 2d. T he o rig inal d e fe c t is closed b y  
ru n n in g  su tu re . T he  low er, le f t and  u p p er 
b o rd e r  o f  th e  sep ta l d e fe c t a re  ta k e n  up  b y  
a  p u rse  s tr in g  su tu re  beg in n in g  a t  th e  
o u te r  surface  o f th e  a tr iu m , and  th e n  

p assed  aga in  to  th e  o u te r  surface

m e te r  a long  its  n o rm a l course below th e  
level o f  th e  h ilum , a n d  assu m ed  th e  said  
w id th  on ly  a t  th e  o rifice  o f  th e  pu lm o n ary  
veins . T he azygos v e in  w as lig a ted  before 
th e  p u lm o n a ry  o rifices. T he  in te rco sta l 
ve ins , 2 to  3 m m  in  d iam e te r , opening

likew ise in to  th e  azygos vein , w ere a lso  
lig a ted . T h e  azygos vein an d  th e  su p e rio r 
V. c a v a  w ere exposed. The open ing  o f  th e  
azygos v e in  in to  th e  V. cava  su p e rio r w as 
a b o u t 4 cm  before th e  la t te r ’s a tr ia l  orifice . 
T he  V . c a v a  superio r along its  e n tire  len g th  
w as d iv id ed  in to  tw o  tu b es  b y  m ean s  o f  
d ense ly  ap p lied  U -su tu res A te f lo n  b an d , 
each , w as p laced  above and  u n d e r  th e  Y. 
c a v a  su p e rio r, and  th e  s titch es w ere passed  
th ro u g h  th e s e  bands. In  th is  w ay  a  se p a ra te  
ch an n e l w as m ade  for th e  blood com ing  
from  th e  p u lm o n a ry  veins, an d  a  se p a ra te  
one fo r th e  b lood o f  th e  V. c a v a  superio r. 
T he  la s t  s t i tc h  w as m ade to  fo rm  a  h a lf  
p u rse -s tr in g  su tu re  along th e  w all o f  th e  
r ig h t a tr iu m  (Figs 2 a —b). T he venae  
cav ae , th e  a o r ta  and  th e  p u lm o n a ry  a r te ry  
w ere c lam p ed , and  th e  r ig h t a tr iu m  w as 
w idely  op en ed . A  sep ta l defect o f  th e  fossa 
ovális  ty p e , m easu ring  ab o u t 1.5 cm  b y  
2.5 cm  ap p e a re d  a t  a  g re a t d is tan ce  from  
th e  o rifice  o f  th e  channel m ad e  fo r t r a n s ­
p o r tin g  th e  b lood o f th e  p u lm o n a ry  veins. 
T herefo re  th e  sep tu m  w as sp lit  to w a rd  
th e  V . c a v a  su p erio r (Fig. 2c). A fte r  closing 
th e  o rig in a l sep ta l defect w ith  ru n n in g  
su tu re , th e  p u rse -s tr in g  su tu re  w as p assed  
fro m  th e  o u te r  wall o f th e  a tr iu m  in to  its  
c a v ity , em b rac in g  th e  low er le f t an d  u p p e r

Fig. 2e. The septal defect is repaired, the 
blood flows from the pulmonary vein 

into the left atrium
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Fig. 3. Postoperative antero-posterior 
roentgenogram

borders o f  th e  sp lit  sep tum  an d  pass ing  th e  
th re a d  on  th e  r ig h t side o f  th e  channel 
m ad e  fo r th e  b lood o f  th e  V. cav a  superio r 
to  th e  o u te r  su rface  o f th e  a tr iu m , to  th e  
p o in t w here  th e  pu rse -strin g  h ad  s ta r te d  
(Fig. 2d). O n k n o ttin g  th e  p u rse -s tr in g  
su tu re , th e  a tr ia l  sep tu m  w as pu lled  to  th e  
w all o f  th e  a tr iu m . T he tu b e  m ad e  fo r th e  
blood o f  th e  p u lm o n a ry  veins cu rv ed  th u s  
in to  th e  le f t  a tr iu m , while th e  b lood o f  th e  
V. cav a  su p e r io r  w as free to  flow  in to  th e  
r ig h t a tr iu m  (F ig . 2e). T he w ound  o f  th e  
r ig h t a tr iu m  w as closed an d  th e  c lam ps 
an d  lig a tu re s  w ere released. T o n ic ity  o f  
th e  h e a r t  seem ed  sa tisfac to ry , a n d  its  
a c tio n  w as rh y th m ica l. T he p e rica rd iu m  
w as re u n ite d , a  d ra in  was p laced  in to  th e  
r ig h t h a lf  o f  th e  th o ra x , th e  s te rn u m  w as 
u n ited  b y  w ire  s tra n d s  and  closed.

T he su sp en sio n  o f c ircu la tion  las ted  
6 y2 m in u tes .

W hile d issec tin g  o u t th e  h ila r  s t ru c ­
tu re s , th e  th o ra c ic  d u c t m ay  h ave  been  in ­
ju red  because  a  m ix tu re  o f  blood a n d  chyle  
w as w ith d ra w n  b y  tho rac ic  p u n c tu re  on 
th e  5 th  p o s to p e ra tiv e  day . A fte r  rep ea ted  
a sp ira tio n s  o f  flu id , th e  eh y lo th o rax  su b ­
sided w ith o u t fu r th e r  in te rv en tio n  b y  th e  
end o f  th e  4 th  week.

A t a  follow -up in M ay, 1965, th e  child  
h a d  ga in ed  6 kg  in  w eigh t a n d  13 cm  in 
len g th . X -ra y s  show ed th e  r ig h t h a l f  o f  th e  
ch e s t to  be clear, th e  p leu ra l sh ad o w  to  
h av e  been  abso rbed , th e  v ascu la riz a tio n  o f  
th e  lungs to  h av e  decreased a n d  th e  card iac  
shadow  to  be d im in ished  (Fig. 3).

D iscussion

A survey of the hitherto published 
11 cases in which the pulm onary vein 
drained into the vena azygos reveals 
th a t in 4 cases one or two lobar veins 
[2, 5, 7, 11], in another 4 cases all 
veins of the right lung [12, (2 cases), 
1, 9], in one case all veins o f the  left 
lung [6] and in 2 cases all veins of 
both lungs [3, 8] emptied into the 
azygos vein.

Cardiac and vascular anomalies 
such as atrial septal defect [1, 6 8]; 
У. cava superior opening in to  the  left 
atrium  [8]; bilocular heart [3]; lack 
of V. cava inferior [7]; anomalous 
arteries [8, 9]; patent ductus arterio­
sus [8]; infundibular pulm onary ste­
nosis [3], were associated in four 
cases with congenital pulm onary m al­
formations such as agenesis of the 
left lung with monolobular righ t lung 
[2, 6, 12] or agenesis of the  left lung 
w ith a right lung of two lobes [12].

In  8 cases it was only post mortem 
th a t  these anomalies were detected 
[2, 3, 5, 6, 8, 9, 12 (2 cases)], while 
diagnosis was made in vivo in 3 cases 
[1, 7, 11]. Surgical intervention was 
performed in a single case only [1]. The 
patien t underwent two operations, 
both with the aid of extracorporeal 
circulation. The first operation was 
merely exploratory. In the second, a 
channel for the blood of the  pulmo-
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nary  vein was formed in the  lumen of 
the  V. cava superior by a  longitudi­
nally  divided Dacron prosthesis. The 
system ic veins draining in to  the azy­
gos vein were carefully ligated, while 
no mention is made of the  ligation of 
th e  azygos vein itself before the ori­
fices o f the pulm onary veins.

In  the  present case, all veins of the 
rig h t lung opened into the  azygos vein, 
and  th is  anomaly was associated with 
a  pulm onary malform ation (right lung 
consisting of 2 lobes and a  pleural 
m em brane separating the  two lobes) 
as also with an atrial septal defect.

W hen correcting a  left-to-right 
shun t caused by the  anomalous pul­
m onary vein, the undesired formation 
o f a  right-to-left shunt should be pre­
ven ted  by ligating no t only the syste­
mic veins draining in to  the  azygos 
vein, b u t also the la tte r  vein distally 
to  th e  orifice of the pulm onary veins.

Ligation of the azygos vein has no 
haem odynamic effects. W hen it is e- 
lim inated, a number o f collateral veins 
become operative, m ultiple anastom o­
ses are formed a t the  height between 
th e  second and fifth  thoracic verte­
brae [10, 4], so th a t  venous drainage 
is secured toward the  У. cava inferior 
and  superior via the  paravertebral, 
in tervertebral, spinal and even the 
lum bar network of veins.

Operation in hypothermia made it 
possible in the present case to dispense 
w ith extracorporeal circulation; the 
employed surgical technique (a single 
purse string suture which began a t 
the  surface of the atrium , took up the 
borders of the defect in the cavity, 
passed to  and knotted on the surface 
where it  had started) allowed to 
place in to  the left atrium  the orifice 
of the tube  made for the blood of the 
pulm onary veins and to  repair the 
septal defect in a single session within 
the  tim e limit determined by the 
hypotherm ia.

S u m m a r y

A fter a brief survey of the em bry­
onic development of aberrant pulm o­
nary  veins, a case is reported in which 
all veins of the right lung (consisting 
of two lobes) emptied into the azygos 
vein, th is  anomaly having been accom­
panied by  a defect of the a trial sep­
tum . Successful surgical repair has 
been performed in hypotherm ia. Of 11 
cases o f th is kind, hitherto reported in 
literature, only a single one was surgi­
cally dealt with, and the technique 
applied in th a t case has been com­
pared w ith  the modified procedure 
used in the  present one.
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