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Pulmonary Veno-Occlusion--An Immune Complex Disease? 
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Summary. A case of pulmonary hypertension due to veno-oeclusive disease is described. 
The patient was a 33 year old woman who died 11 months after first complaining of breathless- 
ness. Ven0-occlusive disease was diagnosed on lung biopsy and confirmed post-mortem. 
Electron microscopy of the lung biopsy showed electron-dense deposits in the capillary 
basement membranes, and immunoglobulin and complement were demonstrated in a corre- 
sponding position by immunofluorescent microscopy. I t  is suggested that  immune complexes 
may have initiated thrombotic occlusion of the small pulmonary veins. 

P u l m o n a r y  veno -occ lu s ion  is n o w  recogn i sed  as a ra re  cause  of p u l m o n a r y  

h y p e r t e n s i o n .  S o m e t i m e s  t h e  onse t  of s y m p t o m s  is s u d d e n  a n d  r e sembles  in f luenza ,  

sugges t ing  in fec t ion  as a possible  i n i t i a t i ng  m e c h a n i s m ,  b u t  a p a r t  f r o m  th i s  

poss ib i l i t y  p r a c t i c a l l y  n o t h i n g  is k n o w n  of t h e  cause.  W e  descr ibe  here  a case 

of p u l m o n a r y  v e i n  occ lus ion  i n v e s t i g a t e d  b y  i m m u n o f l u o r e s c e n t  a n d  e l ec t ron  

mic roscopy ,  b o t h  of w h i c h  p r o v i d e  e v i d e n c e  of an  i m m u n e  r e a c t i o n  c e n t e r e d  on  

t h e  b a s e m e n t  m e m b r a n e  of smal l  p u l m o n a r y  b lood  vessels ,  sugges t ing  t h a t  t h r o m -  

bosis  m a y  h a v e  been  i n i t i a t e d  b y  i m m u n e  complexes .  

•ase Report 
A 33 year old woman who had previously led an active life, first became aware of dyspnoea 

whilst on holiday in the Canary Islands. There was no wheeze or chest pain and only a slight 
unproductive cough. Her dyspnoea progressed over 4 months with decreasing tolerance and she 
was admitted to hospital for investigation. There was no preceding history of chest illness. 
She had never been on oral contraceptives or appetite suppressing drugs, and her pregnancies 
had been uneventful. There was no history suggestive of deep vein thrombosis in the legs. 
She had no systemic symptoms such as weight loss, fever or arthopathy. Clinically she was 
a slim, breathless, cyanosed young woman with clubbing of the fingers. There were no 
added sounds in the chest, and no evidence of cardiovascular disease. Ohest X-ray showed 
bilateral patchy shadowing with linear opacities and slight prominence of the main pulmonary 
artery. Pulmonary function studies showed a restrictive pattern with impaired gas transfer 
but  no evidence of airways obstruction. Pulmonary hypertension was confirmed by right 
heart catheterisation, the pulmonary artery pressure being 90/40 ram. The Mantoux test was 
negative, as were a Kveim test and liver biopsy (serum bilrubin varied between 1.2-2.5 rag-%, 
with the other liver function tests normal). Considerable attention was paid to the possibility 
of harmful environmental factors, as she lived and worked on a horticultural small-holding 
and until a year previously had tended poultry. She was in contact with numerous chemical 
fertilisers, insecticides, fungicides and herbicides including paraquat, but  there was no sugges~ 
tion that  these had been misused. A considerable amount of damp and possibly mouldy 
straw was in use, mainly for the strawberry beds, but  serologicM and skin tests to a wide 
variety of allergens were negative. Fibrosing alveolitis was suspected and on open lung biopsy 
performed. 
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Fig. 1. Lung biopsy. A pulmonary artery, recognisable by its double elastic laminae and 
position next to a.n airway (/?), shows Mmost total obliteration of its lumen by fibro-eta.stotic 

intimal proliferation. Elastic van Giesen (EVG) • 95 

Histological examination of the lung biopsy showed prominent vascular changes, 
exceeding those to be expected from the parenchymal damage which amounted 
to only mild interstitial fibrosis largely confined to the interlobular septa. The 
small pulmonary arteries showed medial hyper t rophy and very marked cellular 
intimal proliferation which almost totally occluded the lumen (Fig. 1). There was 
only slight haemosiderosis and the pulmonary veins were at first reported to be 
normal. However, review of the sections showed pronounced occlusion of pulmon- 
ary veins by a cellular intimal proliferation (Fig. 2). The sections were referred 
to Professor D. Heath  who also considered tha t  the brunt  of the disease had 
fallen on the venous side of the pulmonary circulation. Professor Heath  commented 
also on the development of a distinct muscular media in some small veins so tha t  
they mimicked arteries, a factor which could clearly confuse the distinction of 
venous from arterial disease. 

Immuno/luorescent Microscopy o/the Lung Biopsy 
Fluorescein conjugated monospeeifie anti IgG, IgM, IgA, complement (fllA 

and file) and fibronogen were applied to frozen unfixed sections. An indirect 
method using the unconjugated mono-speeific goat anti-human immunoglobulins 
followed by  conjugated rabbit  anti-goat antiser~ was also undertaken. Specificity 
of the positive results was checked in the direct method by prior absorption of 
the antisera by specific immunoglobulins and by blocking with an additional 
middle layer of appropriate and inappropriate unconjugated antisera. 
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Fig. 2. Lung biopsy. Two pulmonary veins, recognisable by their elastin pattern and position 
at the junction of an interlobular septum with the pleura, show intimal proliferation and 

marked reduction of their lumens. EVG • 95 

The results using the direct and indirect methods were similar. Deposits of 
IgG and complement were found scattered irregularly along the alveolar walls 
(Fig. 3). No fluorescence was obtained using anti IgA, anti IgM or anti-fibrinogen ; 
neither was fluorescence seen within alveolar macrophages nor in any other 
structure of the lung. 

Electron Microscopy o/the Lung Biopsy 
The alveolar structure of the lung could be readily recognised but there was 

an increase of alveolar macrophages and thickening of the air/blood barrier, 
principally by  changes in the interstitial tissues and capillary walls. Thr alveolar 
epithelium showed only minor alterations amounting to no more than mild 
oedematous swelling of the cytoplasm of the type I pneumocytes. There was 
interstitial fibrosis and an increased number of undifferentiated interstitial septal 
cells. The endothelium was markedly thickened so tha t  the capillary lumen was 
often reduced to a thin slit. There was also pronounced thickening of the endo- 
thelial basement membrane;  this is normally equal in thickness to tha t  of the 
alveolar epithelium (30-40 nm) but  ill this case measured up to 700 nm. Many 
capillaries showed reduplication of the basement membrane,  the various layers of 
which were separated by  cell processes thought  to represent portions of either 
pericytes or proliferating endothelial cells. All these changes we have noted in a 
var iety of pulmonary diseases and consider non-specific. Of particular interest, 
however, was the frequent finding of electron-dense deposits within the capillary 

6* 
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Fig. 3. Lung biopsy. Immunofluorescence demonstrates deposits of IgG in the alveolar 
walls • 74 

b a s e m e n t  m e m b r a n e  or  in  a s u b e n d o t h c l i a l  pos i t i on  (Fig. 4 -7) .  These  were  

a m o r p h o u s  or  f ine ly  g r a n u l a r  a n d  m e a s u r e d  f r o m  0.2 to  0.9 ~ m  in d i a m e t e r .  T h e y  

g e n e r a l l y  h a d  a s l igh t ly  i r r egu la r  ou t l ine  a n d  were  n o t  m e m b r a n e - b o u n d .  

Further Course and Post-mortem Examinat ion 

The further course was marked by an initial response to corticosteroids, but this was not 
maintained. Azathioprine was added to her therapy and when she developed a productive cough 
antibiotics were given but these made no difference to her symptoms. Despite increasing 
prednisone therapy to a maximum of 60 mg daily she became increasingly short of breath 
and deeply cyanosed. Severe systemic disturbances developed with gross proximal muscle 
wasting, considered to be more than steroid myopathy, increasing jaundice, purpura and 
ulceration of the tongue with no evidence of thrombocytopenia and sterile blood cultures. The 
ESI~ rose to 147 mm/hr (previously 35-55 mm/hr), and the white cell count to 14000 with 
95 % neutrophils. The Hb dropped to 8.8 g- % and right ventricular failure developed. There 
was no response to steroids, topical and systemic antibiotics, digitalis or diuretics and she 
died 13 months after the onset of the first symptoms. 

Post-mortem examination showed marked wasting with petechial haemorrhages in the 
skin over the thighs and abdomen. The heart weighed 265 gins. The right ventricle was 
very dilated and grossly hypertrophied. Differential weighing of the ventricles by the method 
of Fulton, Hutchinson and Jones (1952) gave a weight of 77 gins for the free part of the 
right ventricle and a weight of 94 gms for the combined weight of the interventricular septum 
and left ventricle. The heart valves were normal and there was no evidence of a septal 
defect. The left atrium was normal and the orifice of each pulmonary vein showed no evidence 
of obstruction. 



Fig. 4. Lung biopsy. Electron dense deposits (~rrows) are seen in u reduplicated capillary 
basement membrane. The endothelium (E) is thickened, reducing the capillury lumen (C) to a 
slit. A Alveolar lumen. Glutaraldehyde/osmie ~cid/uranyl acetate/lead citrate (GOUL) • 15 000 

Fig. 5. Lung biopsy. The arrow indicates materiM of varying electron density situated within 
the e~pillary busement membrane. E endothelium, A ~lveolus, GOUL X 15000 



Fig. 6. Lung biopsy. There is marked thickening of the endothelium (E) of an alveolar 
capillary (C) and its underlying basement membrane; the latter encloses an electron dense 
deposit (arrow). The alveolar lumen (A) is bordered by normaI epithelium resting on a normal 

basement membrane. GOUL • 22 000 

Fig. 7. Lung biopsy. There is a subendothelial deposit (arrow), and the capillary basement 
membrane (M) is greatly thickened compared with that  of the epithelium (m). C capillary, 

E endothelium. GOUL • 44000 
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Fig. 9. Post  mortem lung. Pulmonary  veins in a interlobular septum show intimal thickening 
or complete occlusion with reeanalisation. EVG • 36 

The air passages contained a small amount  of mucus. The right  lung weighed 650 gins 
and  the left lung weighed 600 gins. The visceral pleura of each lung showed dilated veins 
and lymphatics.  The r ight  lung was examined immediately and the left lung after perfusing 
Wentwor th ' s  fluid into the main bronchus and fixing for 48 hours in the inflated position. 
The lungs showed numerous solid, yellowish-white areas scattered throughout  all lobes, the  
largest measuring 4.5 • 4 • 3 cms. Some of these areas showed necrosis with the formation 
of ragged cystic spaces, up to 1.5 cm in diameter  (Fig. 8). While many  of these areas were 
adjacent  to the  pleurM surface, others were si tuated deeply within the lobe. In  many  places 
there was a brown tinge suggesting haemosiderosis. The large pulmonary arteries showed 
a few streaks of a theroma and the  wails of the medium-sized arteries were thickened. There 
was no evidence of embolism or thrombosis in the  large pulmonary arteries. The large pulmon- 
ary veins appeared normal bu t  a few veins measuring 5 rams in diameter  si tuated in the 
septa were occluded. Occlusion was much more widespread in veins measuring 2.5 rams in 
diameter, and there was fairly sharp demarcation between occluded and non-occluded veins 
at  a point  where small t r ibutaries entered vessels of much larger calibre. Many of the occluded 
veins were surrounded by  a halo of firm fibrotic tissue measuring 3 to 5 rams in diameter  
(:Fig. 8). There was no evidence of fresh thrombus in the pulmonary veins. 

The liver and spleen showed chronic venous congestion. A little red marrow was present 
in the  shaft  of the r ight  femur. All other organs were normal. 

Microscopical examinat ion showed t h a t  the yellowish-white areas were old infarcts and t h a t  
one necrotic, cystic space contained fungus, probably Aspergillus. The most  striking changes 
were seen in the pulmonary veins and venules which were occluded by acellular, dense, 
fibrous tissue. The elastic laminae of tile veins appeared to be thickened and there were 
often several small lumens which were thought  to represent recanalisation (Fig. 9). In  the 
collagen surrounding the veins, there were numerous thin-walled blood vessels (:Fig. 10) and 
on serial section some of these communicated with the recanalised lumens of occluded veins. 
These vessels presumably represented an a t t empt  to form a collateral circulation. Several 
veins were examined by  serial sections and the first sign of occlusion was an eccentric intimal 
thickening by  collagen with no evidence of recent or organising thrombus.  The muscular 
pulmonary arteries showed hypertensive changes with marked medial hyper t rophy and  intimal 
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Fig. 10. Post mortem lung. A pulmonary vein shows marked fibrous proliferation of its intima 
and is surrounded by dense collagen in which there are several other vascular channels. 

EVG • 36 

proliferation. Some of the small pulmonary arteries contained recent thrombus while others 
showed intimal fibrosis and evidence of reeanalisation. These arterial changes were consi- 
dered to be secondary to venous occlusion. The alveoli surrounding the occluded veins 
showed interstitial fibrosis and were lined by euboidM and, occasionally, columnar epithelium 
producing a honeycomb lung in an early stage. Perl's stain confirmed the haemosiderosis. 
Microscopical examination of muscle from the arm, thigh and calves showed no evidence of 
polyarteritis nodosa. Sections from the thyroid, pankreas, skin, adrenal, spleen, kidneys and 
vertebra showed no significant abnormality, whilst the liver showed chronic venous congestion. 

Discussion 

P u l m o n a r y  veno-ocelusion appears  to  be one of the  rares t  causes of pu lmona ry  
hyper tens ion .  The 13 eases publ i shed  to  da te  were reviewed b y  the  Br i t i sh  
Medical  Jou rna l  in 1972 since when th ree  more  have  been r epor t ed  (Braun et al., 
1973; t~osenthal  et al., 1973; Liebow et al., 1973).  Licbow, however,  ment ions  
a lmos t  inc iden ta l ly  a personal  collection of 27 un repo r t ed  cases, and  i t  is l ikely 
t h a t  the  condi t ion  is commoner  t h a n  supposed,  m a n y  cases going unrecognised 
because  the  venous  na tu r e  of th ickened  blood vessels is no t  apprec ia ted .  Fu r the r -  
more in the  la te r  s tages  of veno-occlusive disease considerable  scarr ing of ten 
develops  and  the  d is t inc t ion  f rom id iopa th ic  p u l m o n a r y  fibrosis m a y  be ve ry  
difficult .  Congest ion and  oedema are no t  a lways  p rominen t  and  haemosiderosis  
m a y  no t  be a appa ren t .  On the  o ther  hand,  haemosiderosis  m a y  somet imes  
overshadow the  vascu la r  changes leading to  a wrongful  diagnosis  of p r i m a r y  
p u l m o n a r y  haemosiderosis  (Carr ington and  Liebow, 1970). The factors  mos t  l ike ly  
to  lead  to  a correct  his tological  diagnosis  are an  awareness  of the  condi t ion  
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coupled with knowledge of the correct anatomical localisation of the pulmonary 
veins and the use of stains to demonstrate elastin and haemosiderin. Another 
helpful but inconsistent feature is the so-called "endogenous pneumoconiosis" 
(Walford and Kaplan, 1957) resulting from fragmentation and enerustation with 
iron and calcium of the elastic laminae of occluded vessels and a subsequent giant 
cell reaction mimicking a dust disease. Liebow (1967) has ascribed some such 
eases to chronic venous occlusion. Iron encrustation of vessel walls alone, early 
in pulmonary hypertension, also suggests venous involvement (Walton and Heath,  
1960). In the present case proper recognition came from identifying diseased blood 
vessels as veins from their positions in the interlobular septa and pleura, distant 
from the airways, and confirmation of their venous nature by the use of elastin 
stains. Even so, controversy over the histological diagnosis existed until the 
necropsy findings dispelled all doubt. 

The aetiology of this rare disease is uncertain. Although thrombus has been 
recognised in only a minority of the recorded cases the occlusive process is 
generally assumed to be thrombotic in origin (Liebow et al., 1967; Wagenvoort, 
1972). Several cases have suggested an infective aetiology (Crane and Grimes, 
1960; Brewer and Humphreys, 1960), particularly the infant studied by Wagen- 
voort and his colleagues (1971) in whom there was both myocarditis and pneumo- 
nitis. A viral aetiology has been particularly implicated (Liebow et al., 1967) and 
in one ease (Stovin and Mitchinson, 1965) toxoplasmosis may have played a 
causal role. An immune basis has not been previously suggested but immune 
complex disease might well stem from a viral infection. In the present case a 
fungus was found at necropsy but this is almost certainly an example of opportu- 
nist infection resulting from immunosuppressive therapy. There was no evidence 
of a previous infection which may have precipitated the original illness, but we 
believe that  the evidence for immune deposits in vessel walls is strong, and 
in this situation immune complexes might lead to thrombotic occlusion by acti- 
vation of the " c o n t a c t "  clotting factors or platelets. 

Whilst our immunofluorescent and electron microscopic findings may each 
have been only suggestive by themselves, taken together they represent sub- 
stantial evidence for the presence of immune material in the walls of small 
pulmonary vessels. The almost exact correlation between these two investigative 
procedures assumes even greater significance when it is realised that  of some 
30 lung biopsies from patients with a variety of lung diseases specifically examined 
by both techniques for evidence of immune complexes, this case was the only 
one to show positive results by both methods. Further  confirmation of circulating 
immune complexes was obtained by C 1 q studies on the patients serum. 

Several other lung diseases are at present suspected of having an immune 
basis but so far as we know the evidence for an immune reaction in the lung 
rests solely upon immunofluoreseent microscopy, as in idiopathic fibrosis (Nagaya 
etal . ,  1973), rheumatoid lung (de Horatias etal . ,  1972) and Goodpastnre's 
syndrome (Koffler et al., 1969); solely upon electron microscopy as in systemic 
lupus erythematous (Kuhn, 1972), or is circumstantial, as in Beh~ets disease 
(Davies, 1973), Wegeners granulomatosis and extrinsic allergic alveolitis. Studies 
combining the specificity of immune reactions with the fine structural detail 
provided by electron microscopy would be of great value in all these diseases. 
To date our combined studies in cryptogenic fibrosing alveolitis have proved 
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nega t ive  b y  bo th  techniques ,  a l though before e lec t ron microscopic s tudies  were 
commenced  posi t ive  resul ts  were ob ta ined  b y  immunof luorescence  in a few pat ien ts .  
The  f indings in t he  presen t  ease therefore  cons t i tu te  evidence for immune  
complexes in the  lung a t  least  as s t rong as t h a t  adduced  for several  more  l ikely  
contenders ,  such as allergic alveoli t is .  Conf i rmatory  evidence is requi red  and  i t  
is r ecommended  t h a t  new cases of p u l m o n a r y  veno-occlusive  disease be e x a m i n e d  
b y  immunohis tochemiea l  and  u l t r a s t r uc tu r a l  methods  in add i t i on  to  t he  ex- 
haus t ive  microbiological  inves t iga t ions  prev ious ly  advoca ted .  

References 
Braun, A., Greenberg, S. D., Malik, S., Jenkins, D. E. : Pulmonary veno-occlusive disease 

associated with pulmonary phlebitis. Arch. Path. 95, 67-70 (1973) 
Brewer, D. B., Humphreys, D. R. : Primary pulmonary hypertension with obstructive venous 

lesions. Brit. Heart J. 22, 445448 (1960) 
British Medical Journal: Pulmonary veno-occlusive disease (editorial) 3, 369 (1972) 
Carrington, B. C., Liebow, A. A. : Pulmonary veno-ocelusive disease. Human Path. 1, 322-324 

(1970) 
Crane, J. T., Grimes, O. F. : Isolated pulmonary venous sclerosis: a cause of cor pulmonale. 

J. thorac, cardiovasc. Surg. 40, 410-416 (1960) 
Davies, J. D.: Beh~et's syndrome with haemoptysis and pulmonary lesions. J. Path. 109, 

351-356 (1973) 
Fulton, R. M., Hutchinson, E. C., Jones, A. M. : Ventricular weight in cardiac hypertrophy. 

Brit. Heart J. 14, 413420 (1952) 
Horatius, R. J. de, Abruzzo, J .L . ,  Williams, R.C.:  Immunofluorescent and immunologic 

studies of rheumatoid lung. Arch. intern. Med. 129, 441-446 (1972) 
Koffler, D., Sandson, J., Carr, R., Kunkel, H. G.: Immunologic studies concerning the 

pulmonary lesions in Goodpasture's syndrome. Amer. J. Path. 54, 293-305 (1969) 
Kuhn, C.: Systemic lupus erythematosus in a patient with ultrastruetural lesions of the 

pulmonary capillaries previously reported in the Review as due to idiopathic pulmonary 
haemosiderosis. Amer. Rev. resp. Dis. 196, 931-932 (1972) 

Liebow, A. A. : Personal communication (1967) 
Liebow, A. A., McAdams, A. J., Carrington, C. B., Viamonte, M. : Intrapulmonary veno-ob- 

structive disease. Circulation 35-86, (Suppl. II) 172 (1967) 
Liebow, A. A., Moser, K. M., Southgate, M. T.: Rapidly progressive dyspnoea in a teenage 

boy. J. Amer. med. Ass. 283, 1243-1253 (1973) 
Nagaya, It., Elmore, M., Ford, C. D. : Idiopathic interstitial pulmonary fibrosis. An immune 

complex disease ? Amer. Rev. resp. Dis. 107, 826-830 (1973) 
Rosenthal, A., Vawter, G., Wagenvoort, C. A. : Intrapulmonary veno-occlusive disease. Amer. 

J. Cardiol. 31, 78-83 (1973) 
Stovin, P. G. I., Mitchinson, M. J. : Pulmonary hypertension due to obstruction of the intra- 

pulmonary veins. Thorax 20, 106-113 (1965) 
Wagenvoort, C. A. : Vasconstrietive primary pulmonary hypertension and pulmonary veno- 

occlusive disease. Cardiovasc. Clin. 4, 97-113 (1972) 
Wagenvoort, C. A., Losekoot, G., Mulder, E. : Pulmonary veno-occlusive disease of presum- 

ably intrauterine origin. Thorax 26, 429~-34 (1971) 
Walford, 1~. L., Kaplan, L. : Pulmonary fibrosis and giant cell reaction with altered elastic 

tissue. Endogenous "pneumoconiosis". Arch. Path. 68, 75-90 (1957) 
Walton, K. W., Heath, D.: Iron incrustation of the pulmonary vessels in patent ductus 

arteriosus with congential mitral disease. Brit. Heart J. 22, 440-444 (1960) 

Dr. B. Corrin 
Department of Morbid Anatomy 
St. Thomas' Hospital Medical School 
London SE1 7EH 
England 


