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Summary. The present study examined the intimal 
reactions of rabbit jugular veins to a stimulus 
known to elicit arteriosclerotic alteration in the ar- 
tery wall. Repeated transmural electrical stimula- 
tion was applied to external jugular veins of both 
normo- and hypercholesterolaemic rabbits. Endo- 
thelial permeability, as well as changes in intimal 
architecture, were investigated by electron micros- 
copy. Initially, the veins responded to electrical 
stimulation with an increased transendothelial 
transport of  horseradish peroxidase (40000 dal- 
tons). After application of the stimulation program 
for 4 weeks, intimal fibrous thickening (33%), cel- 
lular fibrous proliferation (50%), and organized 
mural thrombi were observed. The fibrous thicken- 
ing was characterized by an abundance of connec- 
tive tissue matrix and paucity of subendothelial 
cells. The cellular fibrous proliferate predominant- 
ly consisted of myocytes with few interspersed 
monocytes/macrophages and granulocytes. It re- 
sembled intimal plaques induced in carotid arteries 
by the same method. However, the venous thicken- 
ings showed limited size and a more pronounced 
fibrous response when compared with the arterio- 
sclerotic lesions. The morphological similarities be- 
tween the observed venous intimal thickenings and 
the different types of phlebosclerotic manifesta- 
tions described in the literature, especially intimal 
proliferations in vein grafts, render the model of  
electrical stimulation suitable for the elucidation 
of underlying pathogenic mechanisms. 
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Introduction 

Venous intimal thickening is a well-known phe- 
nomenon. However, it has not been as intensively 
investigated as arteriosclerotic lesions. The term 
phlebosclerosis comprises various types of lesions 
on the venous side of circulation, including the 
diffuse intimal thickening that can occur with ad- 
vancing age, or macroscopically visible intimal 
plaques at sites under mechanical stress (Geiringer 
1949; Lev and Saphir 1959; Thurner and May 
1967). A very common finding is intimal prolifera- 
tions in autologous vein segments grafted into arte- 
rial circulation (Breyer etal .  1976; Brody etal .  
1972; Jones et al. 1973; Kern etal .  1972; Marti 
et al. 1971 ; Spray and Roberts 1977; Szilagyi et al. 
1973; Vlodaver and Edwards 1971; Vlodaver and 
Edwards 1972). These thickenings frequently rep- 
resent a significant cause of late failure of aorta- 
coronary bypass grafts. 

The pathogenesis of  the heterogeneous phle- 
bosclerotic manifestations is as unclear as the ques- 
tion of whether similarities exist between the devel- 
opment of  these lesions and the morphogenesis of  
arteriosclerotic intimal proliferation. Experimental 
denudation of the endothelium of vein walls eli- 
cited intimal thickening comparable to that pro- 
duced in arteries by the same method, however, 
it was restricted in size and extent (Manderson and 
Campbell 1986). Transmural electrical stimulation 
of rabbit arteries induced fibromuscular or lipid- 
containing plaques depending on the plasma cho- 
lesterol level (Betz and Schlote 1979). As already 
described (Kling et al. 1987a), in this model the 
arterial endothelium was maintained as a continu- 
ous covering of the vessel wall, but after the first 
stimulation period it displayed an increased perme- 



368 D. Kling et al. : Intimal thickenings of veins induced by a sclerogenic stimulus 

a b i l i t y  to  m a c r o m o l e c u l e s  a n d  sub t l e  s t r u c t u r a l  
c h a n g e s .  T h e s e  a l t e r a t i o n s  o f  the  e n d o t h e l i u m  were  
f o l l o w e d  b y  the  i n v a s i o n  o f  l e u k o c y t e s  f r o m  the  
b l o o d  s t r e a m  i n t o  the  a r t e r y  wa l l  a n d  s u b s e q u e n t  
m i g r a t i o n  o f  m y o c y t e s  f r o m  the  m e d i a  i n t o  the  
i n t i m a .  

I n  the  p r e s e n t  s t u d y  the  t e c h n i q u e  o f  e l ec t r i ca l  
s t i m u l a t i o n  w a s  a p p l i e d  to  ve in  wa l l s  in o r d e r  to  
e x a m i n e  w h e t h e r  ve ins  r e s p o n d  to  th is  s t i m u l u s  in  
a s i m i l a r  w a y  to  a r t e r i e s  o r  w h e t h e r  t h e r e  exis t  
i n t r i n s i c a l l y  d e t e r m i n e d  d i f f e r ences  in  r e s p o n s e .  

Materials and methods 

In male New Zealand rabbits (2.5 3.7 kg body wt.; n= 16) ex- 
ternal jugular veins were subjected to repeated transmural elec- 
trical stimulation, a technique already applied to carotid arter- 
ies (Betz and Schlote 1979). Four animals fed with a diet of 
commercial stock pellets (Altromin; Lage, FRG) were ran- 
domly selected to examine the permeability of the endothelium 
of jugular veins after short stimulation periods; the others were 
used to investigate the structural changes of the venous wall 
at electron microscopic level occuring after exposure to a stimu- 
lation program of 4 weeks (n = 12). One half of these animals 
from the long-term studies was maintained on the standard 
diet, the other half received a cholesterol-enriched (1%) chow 
as an additional sclerogenic stimulus. 

To investigate the endothelial permeability of the external 
jugular vein, a procedure similar to that described for carotid 
arteries was employed (Betz et al. 1985; Kling et al. 1987b). 
Briefly, under general anesthesia the veins were carefully freed 
from the perivascular tissue, and a teflon cuff containing two 
graphite-coated gold electrodes (5 mm x 1 mm) was attached 
to the adventitia of the right jugular vein so that the electrodes 
were diametrically opposed. However, the vessel segment was 
not totally sheathed by the cuff. Direct current impulses 
(0.1 mA, 50 ms/imp., 10 Hz) were applied to the vessel wall 
of the anesthetized animal for 30 min, and immediately after 
the stimulation period horseradish peroxidase (Boehringer 
Mannheim, FRG; 40000 daltons; 10000 units/kg body wt.) 
was injected into an ear vein. Six minutes later, fixation of 
the vessels with cacodylate-buffered glutaraldehyde (1.25%) 
was started. For this purpose, the chest and the abdominal 
cavity of the rabbits were cut open, and a cannula was inserted 
into the left ventricle. Via this cannula 500 ml of the fixative 
were infused into the ventricle at a pressure of 81~100 mmHg. 
The pulmonary arteries and the aorta caudal to the diaphragm 
were clamped so that the buffered glutaraldehyde streamed 
through the brachiocephalic arterial and venous system for 
30-45 min. To ensure the outflow of excess fluid from the vas- 
cular bed, the jugular veins were cut at least 2 cm caudal of 
the cuff-bearing region. The outflow from the veins was regu- 
lated so that they didn't collapse. In each animal the contralat- 
eral vessel served as an unstimulated control. For ultracyto- 
chemical localization of the peroxidase the diaminobenzidine- 
technique was employed in a modified form (Betz et al. 1985). 
To avoid masking of the reaction products of the peroxidase, 
staining of the ultrathin sections was omitted. 

In order to induce lesions in long-term experiments as in 
the permeability studies, electrodes (held in position by a cuff) 
were attached to the adventitia of the right jugular vein of 
anesthetized rabbits. They were connected s.c. with leads to 
a small plastic socket fixed in the skull. This stimulation device 
allowed the application of DC-impulses (0.1 mA, 15 ms/imp., 

10 Hz) to the conscious, unrestrained rabbit. The "stimulation 
schedule" comprised two periods of 30 and 15 min per day 
and lasted for 4 weeks. The contralateral vein was furnished 
with a cuff without electrodes, providing an intra-individual 
control. Unsheathed control segments were obtained from rab- 
bits used for pilot experiments. 

At the end of the stimulation schedule, the animals were 
again anesthetized and the vessels were either fixed in the man- 
ner described in the section above or carefully removed after 
ligaturing the cuff-bearing segment and immersion-fixed with 
gradual substitution of the intraluminal blood by the fixative. 
Afterward, the excised and fixed vessel rings were subdivided 
into various regions (that is anodal, cathodal parts and areas 
outside of the cuff) and submitted to the usual procedures for 
transmission electron microscopy (post-fixation in 1% cacody- 
late-buffered osmium tetroxide, en bloc staining with a 2% 
alcoholic solution of uranyl acetate, dehydration using ascend- 
ing concentrations of ethanol, embedding in araldite). Thin sec- 
tions were mounted on copper mesh grids and stained with 
lead citrate, prior to examination under a Zeiss EM 10. 

Results 

Normal jugular vein 

I n  n o r m a l  e x t e r n a l  j u g u l a r  ve ins  a n  a t t e n u a t e d  sin-  
gle l a y e r  o f  e n d o t h e l i a l  cel ls  over l i es  a v e r y  t h in  
b a s a l  l a m i n a  w h i c h  is f o l l o w e d  b y  a n a r r o w  s p a c e  
c o n s i s t i n g  o f  g r o u n d  s u b s t a n c e  a n d  c o l l a g e n  f ibr i l s  
(F ig .  1). T h e  u n d e r l y i n g  d i s c o n t i n u o u s ,  i n t e r n a l  
e las t i c  l a m i n a  f o r m s  a n  i n d i s t i n c t  b o u n d a r y  be-  
t w e e n  the  i n t i m a  a n d  the  m e d i a .  T h e  m e d i a  u s u a l l y  
cons i s t s  o f  2 - 4  l aye r s  o f  s m o o t h  m u s c l e  cells o r g a -  
n i z e d  in  a he l i ca l  f a sh ion .  A r e l a t i ve ly  a c e l l u l a r  
space  c o n t a i n i n g  b u n d l e s  o f  c o l l a g e n  f ibr i l s  a n d  
o n l y  s c a n t y  e las t i c  f ibers  a d j o i n s  these  s m o o t h  
m u s c l e  cell  l ayers .  S p o r a d i c a l l y ,  s m o o t h  m u s c l e  
cel ls  o r  m o n o c y t e s / m a c r o p h a g e s  a r e  i n t e r s p e r s e d  
w i t h i n  th is  c o l l a g e n o u s  c o n n e c t i v e  t issue.  Th i s  
space  b l e n d s  i n t o  t he  a d v e n t i t i a  w h e r e  f i b r o c y t e s  
a r e  a r r a n g e d  b e t w e e n  e las t i c  f ibe r s  a n d  t h i c k  
m a s s e s  o f  c o l l a g e n o u s  f ibr i ls .  O c c a s i o n a l l y  cap i l -  
l a r ies  o f  t he  v a s a  v a s o r u m  a re  p re sen t .  

Responses of the vein wall to electrical stimulation 

T h e  e x t e r n a l  j u g u l a r  ve ins  r e s p o n d e d  to  e lec t r i -  
ca l  s t i m u l a t i o n  w i t h  a n  e n h a n c e d  t r a n s e n d o t h e l i a l  
t r a n s p o r t  a n d  a n  i n c r e a s e d  u p t a k e  o f  m a c r o m o l e -  
cu les  i n to  t he  v e n o u s  wal l .  A f t e r  30 m i n  o f  e lec t r i -  
cal  s t i m u l a t i o n  a n d  s u b s e q u e n t  i n j e c t i o n  o f  h o r s e -  
r a d i s h  p e r o x i d a s e ,  a m a s s i v e  a c c u m u l a t i o n  o f  r eac -  
t i o n  p r o d u c t s  o f  the  p e r o x i d a s e  was  d e t e c t e d  in  
the  s u b e n d o t h e l i a l  s p a c e  nex t  to  t he  a n o d e  
(F ig .  2a ) .  T o  s o m e  ex ten t ,  the  p e r o x i d a s e  h a d  a d -  
v a n c e d  to  the  j u x t a i n t i m a l  p a r t  o f  the  m e d i a .  N u -  
m e r o u s  i n t e r e n d o t h e l i a l  c lef ts  we re  f i l led  w i t h  elec-  
t r o n - d e n s e  r e a c t i o n  p r o d u c t s ,  a n d  c y t o p l a s m i c  ve-  
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Fig. 1. Normal  rabbit  jugular vein. (a) Low - power view. Fragments of the internal elastic lamina (--,~) separate the intima 
from the media where 2 layers of smooth muscle cells and bundles of collagen fibers are present. A distinct external elastic 
lamina is missing; the media blends into the adventitial layer where fibroelastic tissue dominates. (b) High power view. Between 
the endothelium and the rudimentary internal elastic lamina (--~) a basal lamina (~) and collagen fibrils embedded in ground 
substance are discernible. E endothelium; SMC smooth muscle cell; C collagen fibrils; EL elastic fiber; F fibrocyte. Bars indicate 
2 gm 

sicles displaying positive peroxidase reaction were 
often localized along these clefts (Fig. 2b). This 
indicates an intensified intercellular transport pos- 
sibly combined with parajunctional vesiculation. 
In the vein wall next to the cathode, a similar pat- 
tern in the localization of  the peroxidase was ob- 
served; however, the amount of the osmiophilic 
reaction products appeared to be decreased com- 
pared to the anodal region. Regarding the areas 
between the electrodes as well as the unstimulated 
control vein, no or only slight electron opacity, 
characteristic of  the peroxidase, was detectable in 
the subendothelial space (Fig. 2c); cytoplasmic ve- 
sicles showing peroxidase activity were discernible 
sporadically within the endothelial cells of  these 
regions. Comparing the structure of  the endothelial 
cells it was notable that those of  the stimulated 
vein wall appeared to be swollen and frequently 
vacuolated, which was not observed in the con- 
trols. 

In the following section only the structural alterations ob- 
served in the vicinity of the anode in the venous intima are 
described; the intimal responses found next to the cathode re- 

sembled those occuring in the contralateral vessel segments pro- 
vided with a cuff without electrodes (see below). 

After 28 days of  electrical stimulation, all jugu- 
lar veins had developed intimal thickenings in the 
vicinity of  the anodal site. These lesions were not 
strictly limited to the area of the anode but ex- 
tended across the borders of  the electrode in tan- 
gential, caudal and cranial directions. They were 
heterogenous in their structure, so that 3 types of 
morphological alterations were distinguished: cel- 
lular fibrous proliferation, fibrous thickening and 
mural thrombus. All three types occured both in 
normo- and hypercholesterolaemic rabbits. 

Half  of  the stimulated jugular veins had devel- 
oped intimal thickening consisting of  cellular fi- 
brous proliferation; in 3 cases the animals were fed 
the standard diet, and in the other 3 cases the rab- 
bits were maintained on the cholesterol-enriched 
chow. Figure 3 shows a low-power view of the cel- 
lular fibrous proliferation in the two groups. The 
thickness of  these lesions varied between 16 and 
65 gm (note the shrinkage due to fixation and em- 
bedding procedure). There was no significant dif- 



Fig. 2. Deposition of reaction 
products of horseradish peroxidase 
in the intima of the external jugular 
vein. Injection of the peroxidase 
6 rain prior to perfusion fixation. 
(a) Part of the stimulated vein 
segment next to the anode after 
application of DC impulses for 
30 rain. (b) Higher magnification of 
an interendothelial gap out of the 
stimulated area displaying 
peroxidase activity as the vesicles 
located in the vicinity. (c) Part of 
the unstimulated control vein with 
very few vesicles exhibiting positive 
peroxidase reaction. E endothelium; 
L lumen; SES subendothelial space; 
-~ interendothelial gap; ~ vesicles 
with peroxidase activity. Bars 
indicate i gm 
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Fig. 3. Light micrographs of cellular fibrous proliferations in jugular veins which were exposed to electrical stimulation for 28 d. 
The rabbits received either a standard diet (a) or a cholesterol-enriched chow (b). Note the abundance of extracellular material, 
especially collagen fibers. E endothelium; C bundles of collagen fibers; ~ internal elastic lamina. Toluidine blue staining. Bars 
indicate 50 gm 

ference in the number of cell layers between the 
two experimental groups (standard diet: 4.0_+0.5 
cell layers; cholesterol-enriched diet: 5.0 __ 0.6 cell 
layers). 

The cellular fibrous proliferate was covered by 
a continuous endothelial lining. It was composed 
predominantly of myocytes which were embedded 
in well developed extracellular material that mainly 
consisted of bundles of collagen fibrils (Fig. 4a). 
Some of the smooth muscle cells were oriented 
with their longitudinal axes parallel to the direction 
of the blood flow, others were arranged in a more 
helical fashion like the media myocytes. Most of  
the intimal smooth muscle cells exhibited the con- 
tractile phenotype, whereas only a few of them 
were in a synthetic state after 28 d of electrical 
stimulation. Sporadically, granulocytes and mono- 
nuclear cells were not only observed within the 
intimal lesion but also adhering to the endothelium 
(Fig. 4a, d). 

In those cases with additional hypercholestero- 
laemia, lipid vacuoles were recognized both in inti- 
mal myocytes and monocytes/macrophages 
(Fig. 4a, c). Whereas clusters of  nonmembrane- 
bound, electron-lucent vacuoles were present in 
macrophages, only a small number of lipid inclu- 
sions was observed in some of the smooth muscle 
cells. Extracellular fatty droplets were also noted 
in the vein wall. 

In its morphology, the cellular fibrous prolifer- 
ation resembled the atherosclerotic plaque induced 

by the same method in carotid arteries (Fig. 4b). 
However, the comparison of these intimal prolifer- 
ations on the arterial and venous side revealed two 
important differences: the venous lesions were re- 
stricted in size, even after the same stimulation 
time, and the development of extracellular materi- 
al, especially of collagen fibrils, was more pro- 
nounced in the intimal cushions of the jugular vein 
than in those of the carotid artery. 

Fibrous thickening was present in one third of 
the stimulated veins and differed from the cellular 
fibrous intima proliferation by the paucity of cells 
and the predominance of the fibrous component. 
The space between the endothelium and the dis- 
tinct, mostly continuously developed internal elas- 
tic lamina was mainly composed of collagen fibrils 
embedded in ground substance (Fig. 5). Among 
the fibrils, amorphous material was present, resem- 
bling the homogenous component of elastic fibers. 
The arrangement and direction of the collagen fi- 
brils was often disturbed; they appeared to be dis- 
ordered and pointing in all directions in the inter- 
cellular space, a phenomenon called collagen dys- 
plasia and frequently described in cases of human 
vascular disease such as diabetic angiopathy and 
varicose veins (Staubesand and Fischer 1979). 
Only few intimal cells, namely myocytes and 
monocytes/macrophages were interpersed in the fi- 
brous thickening (Fig. 5). When the animals were 
fed with the cholesterol-enriched diet, extracellular 
lipid deposits were discernible. 
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Fig. 4. (a) Part of  an intimal cellular fibrous thickening of the vein wall induced by electrical stimulation for 28 d and additional 
hypercholesterolaemia. (b) For  comparison, cross-section through an intimal proliferate of the carotid artery elicited by the same 
combined stimulation technique. The 28-day-old plaque consists mainly of myocytes oriented with their longitudinal axes parallel 
to the blood flow. Few macrophages are interspersed among the smooth muscle cell. Lipid vacuoles are present in both myocytes 
and macrophages. (e) Intimal macrophage containing nonmembrane-bound lipid vacuoles in a venous cellular fibrous proliferate. 
(d) Heterophil granulocyte adhering to the venous endothelium covering a cellular fibrous thickening. E endothelium; SMC 
smooth muscle cell; M macrophage; --~ lipid vacuoles in macrophages; ~ lipid vacuoles in SMC; C collagen fibrils; IEL internal 
elastic lamina; H heterophil granulocyte. Bars indicate 2 gm 
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Fig. 5. Intimal fibrous thickening 
characterized by the abundant 
existence of intercellular substance 
and very few interspersed 
subendothelial cells. E endothelium; 
C collagen fibrils; * amorphous 
material; SMC smooth muscle cell; 
IEL internal elastic lamina; -*- 
basal lamina. Bar indicates 2 ~tm 

In two cases mural thrombi were present, one 
in the stimulated vein of  a rabbit fed the standard 
diet, the other in the stimulated segment of a hy- 
percholesterolaemic animal. Based on ultrastruc- 
tural criteria, the cells covering the thrombi were 
identified as endothelial cells. The cellular compo- 
sition of the thrombi showed a predominance of 
granulocytes and mononuclear cells. The cells in 
close apposition to the internal elastic lamina dis- 
played morphological features of myofibroblasts 
and smooth muscle cells. At this point in thrombus 
organization, platelets were rarely seen. Within the 
body of  the thrombus, clefts lined by cells closely 
resembling endothelium and forming capillary 
channels were a prominent finding. 

To evaluate the real influence of electrical stim- 
ulation on the intima reactions of the vein wall, 
one must examine the changes of the contralateral 
vessel equipped with similar cuffs but without elec- 
trodes. Here the findings were somewhat inconsis- 
tent. Some of the sheated vessels showed an appar- 
ently normal intima or at the most a slight augmen- 
tation of  the subendothelial connective tissue mate- 
rial, also observed in regions adjacent to venous 
valves. In others a cellular reaction could be recog- 
nized within the intima; however, the protrusions 
of these cellular thickenings into the lumen were 

only small and fiat compared with those occuring 
in the stimulated vessel segments. 

Discussion 

The present study demonstrates the intimal reac- 
tion elicited in vein walls by electrical stimulation 
and allows a comparison of the venous responses 
with those induced in artery walls by the same 
sclerogenic stimulus and with the phlebosclerotic 
alterations described in literature. These compari- 
sons may help to elucidate the pathogenesis of  
phlebosclerosis, especially of the severe lesions oc- 
curing in autologous vein grafts inserted into the 
arterial circulation. 

One of the earliest responses to electrical stimu- 
lation was the increased transendothelial transport 
and uptake of macromolecules into the vein wall, 
a finding which also occured in carotid arteries 
(Kling et al. 1987b). In the latter the increased en- 
dothelial permeability was followed by the inva- 
sion of leukocytes and subsequent migration of  
myocytes from the media into the intima and their 
proliferation (Kling etal.  1987a); after 28 d of 
stimulation fibromuscular and lipid-containing 
plaques had developed, depending on the plasma 
cholesterol level. With the low stimulus intensity 
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used, mural thrombi were never observed in stimu- 
lated arteries. Veins, however, manifested very dif- 
ferent types of intimal alterations after the same 
exposure time to electrical stimulation of identical 
intensity. Despite the very close resemblance of the 
initial functional changes of the endothelium of 
arteries and veins, the latter displayed a broader 
scope of further reactions, namely cellular fibrous 
and fibrous intimal thickenings as well as mural 
thrombi had developed after the stimulation pro- 
gram of 28 d. The dynamics of cellular events be- 
ginning with the initial enhancement of endothelial 
permeability up to the formation of the 3 types 
of intimal thickenings have not yet been clarified. 
However, based on the morphological parallels it 
is very likely that the development of the venous 
cellular fibrous proliferate is similar to that of  the 
arteriosclerotic plaque induced by the same meth- 
od. The observation of leukocytes adhering to the 
endothelium and being interspersed with the inti- 
real cell population suggests that invasion of  leuko- 
cytes is also involved in the genesis of  the cellular 
fibrous thickening. 

Whether fibrous intimal lesions can be derived 
from the cellular fibrous ones or vice versa, or 
whether they represent final points of  two different 
lines of development are still unanswered ques- 
tions. In any case, it is notable that jugular veins 
developing sclerotic changes after exposure to elec- 
trical stimulation display a much more pronounced 
fibrous reaction when compared with carotid arter- 
ies. This fibrous reaction was not only confined 
to the intima but was also very prominent in the 
media and adventitia. Funaki  et al. (1987), who 
induced intimal thickenings of jugular veins and 
carotid arteries in rabbits by investing the vessels 
with a polyethylene tube found an elevated content 
of  collagen fibers in the intimal lesions of veins 
compared to those of the arteries in agreement with 
our findings. Although the mechanisms underlying 
the increased formation of intercellular substance, 
especially collagen, are not known, it is obvious 
that veins display a greater tendency towards fi- 
brous reactions under pathological conditions than 
arteries. This may be due to the structure of  the 
vein wall with its abundance of  intercellular sub- 
stance. 

Another striking difference between venous 
and arterial intimal lesions occuring after the same 
period of electrical stimulation is the restricted size 
of both fibrous and cellular fibrous thickenings on 
the venous side of the vessel tree; that is their pro- 
trusion into the lumen of  the vessel is reduced com- 
pared with that of  the arteriosclerotic plaque. This 
finding is in accordance with the observations of 

Manderson and Campbell (1986). One possible ex- 
planation may be the smaller percentage of venous 
smooth muscle cells able to proliferate and to con- 
tribute to lesion formation. However, it must be 
noted that despite the relative paucity of smooth 
muscle cells, veins grafted into arterial circulation 
can develop haemodynamically significant intimal 
thickening which may progress to total occlusion 
(Breyer et al. 1976; Kern et al. 1972; Vlodaver and 
Edwards 1971). This indicates that not only the 
number of venous myocytes present in the media 
determines the extent of  the thickening but that, 
for example, the supply of smooth muscle cells 
with growth stimulating or - inhibiting factors 
(which may differ in arterial and venous circula- 
tion), their sensitivity to these factors, their rate 
of synthesis of  extracellular material all influence 
the degree of lesion formation. 

The present study also investigated the behav- 
ior of  electrically stimulated jugular veins in hyper- 
cholesterolaemia. Like the intimal proliferations of 
the arteries induced by the same method, the inti- 
real thickenings of the veins incorporated lipids 
in both monocytes/macrophages and smooth mus- 
cle cells as well as in the extracellular material. 
At first sight, the extent of  lipid deposition ap- 
peared to be reduced in the venous intimal thicken- 
ings compared to the arterial ones. This is in agree- 
ment with other reports in the literature describing 
only scanty incorporation of fat in phlebosclerotic 
lesions (for a review, see Thurner and May 1967). 
However, an exact quantitative evaluation requires 
extensive morphometric studies which take into 
consideration the extent and the cellularity of the 
respective lesions. 

The comparison of the described venous inti- 
real thickenings with phlebosclerotic alterations re- 
ported in literature sometimes proved to be diffi- 
cult since most of  them were only described on 
a light microscopic level. Most intimal thickening 
(for a review, see Thurner and May 1967) is char- 
acterized as scarcely rising above the neighboring 
intima and being mainly composed of connective 
tissue material with few subendothelial cells, sug- 
gesting a resemblance to the fibrous thickenings 
in our model. Others, however, for example the 
intimal cushions often observed in the inferior vena 
cava and iliac veins (Geiringer 1949; Lev and Sa- 
phir 1959) and the intimal proliferations in autolo- 
gous vein grafts (Brody et al. 1972; Jones et al. 
1973; Vlodaver and Edwards 1971) resemble cellu- 
lar fibrous thickening. Some of the authors (Kern 
et al. 1972; Vlodaver and Edwards 1971) studying 
the histological fate of aorta-coronary bypass 
grafts have stressed the fibrous nature of intimal 
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thickenings, especially of grafts inserted in arterial 
circulation only for a short time. 

Various factors may be responsible for the dif- 
ferent phlebosclerotic changes; elevated intravas- 
cular pressure or increased shear stress (Jones et al. 
1973; Spray and Roberts 1977; for a review, see 
Thurner and May 1967; Vlodaver and Edwards 
1971). These conditions may lead to ill-defined en- 
dothelial damage, assumed to be one factor in- 
volved in the development of  phlebosclerotic chan- 
ges. Based on our investigations and the similari- 
ties between the lesions studied here and the phle- 
bosclerotic lesions in the literature including those 
of the vein grafts, it is very likely that increased 
endothelial permeability, as one sort of  functional 
endothelial injury, is involved in the pathogenesis 
of phlebosclerosis. 
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