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Microvessels in normal  skin, granulat ion tissue, hyper t rophic  
scar, keloid, and mature scar  f r o m  human subjects were studied 
by transmission e lec tron  m i c r o s c o p y .  Comparative observations 
suggested  that  most microvessels  in hyper t rophic  scar  and  keloid 
are occ luded  or  partially occluded, apparently o w i n g  to an excess  
o f  endothelial  cells. Endothelial  cell contraction was also sup- 
ported by the observations, and perivascular  satellite cells (peri- 
cytes), some of  which were identified as myofibroblasts,  were  
observed in hyper t rophic  scars and  keloids. Among f indings  
from statistical analyses were that 1) the pateney of  microvessels 
in hyper t rophic  scar and granulat ion tissue is similar,  as is that o f  
microvessels in keloid and mature  scar, but  the patency of all 
these microvessels is significantly less than that of  microvessels  
in normal skin, and 2) endothelial  cell density is greater  in non- 
patent vessels than in patent vessels. The observed extent  o f  mi- 
crnvascular occlusion supports a previously published theory that 
hypoxia is involved in the generation of hyper t rophic  scar. Hum 
Pathol  13:819-824, 1982. 

ha one  o f  o u r  early studies o f  hyper t roph ic  scar 
we observed microvessels (capillaries) with occluded 
lumens.  ~ This  p h e n o m e n o n  was observed again in 
later studies. 2-4 T h e  occlusion appeared  to be the re- 
sult o f  an excessive n u m b e r  o f  endothel ial  cells that 
bulged into the lumen.  When we suggested in an ear- 
lier publication that chronic  hypoxia  might  be in- 
volved in the deve lopment  o f  hyper t rophic  scar, 2 tt~e 
possibility o f  extensive microvascular  occlusion as- 
sunted grea ter  significance, since such a condit ion 
could account  for  the suspected hypoxia.  Recently, 
Sloan et al. ~ verified hypoxia  in hyper t roph ic  scar. 

For  the  past  two ),ears we have de l ibe ra te ly  
screened every sample available to us o f  hyper t roph ic  
scar, keloid, mature  scar, and granulat ion tissue for 
ul trastructural  character izat ion o f  the microvessels. 
In addit ion,  we have secured and screened samples o f  
normal  skin. This  pape r  repor ts  an assessment o f  the 
microvessels for  each g roup  as de te rmined  by statis- 
tical analysis. 

M A T E R I A L S  A N D  M E T H O D S  

H u m a n  tissues were obtained f rom surgical exci- 
sion procedures .  T h e  tissue samples included 11 o f  
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normal  skins, 13 o f  hyper t rophic  scar, nine o f  keloid, 
five o f  mature  scar, and nine o f  granulat ion tissue. 

These  tissues were dissected appropr ia te ly ,  fixed 
immediately in Karnovsky's solution, and stored f rom 
two hours  to several days. Cores 1 mm in d iameter  
were obtained by means o f  a modilied Jahmslfidi liver 
punch and washed in isotonic cacodylate bu f f e r  at pH 
7.4. Ti le  tissues were then postfixed in isotonic os- 
mium te t roxide .  Af te r  ethanolic  dehydra t ion ,  the 
tissues were e m b e d d e d  in Epon 812. Thick  sections 
were cut at 1 /.tm and stained with tohfidine blue. 
Th in  sections were stained with uranyl acetate and 
examined in a Philips 300 transmission electron mi- 
croscope. 

These  tissues were examined  primarily for  evalu- 
ation o f  the microvasculature.  T h e  diameters  o f  the 
microvessels ranged  f rom 3.3 to 14.6 #m,  which is the 
normal  range.  Rarely was any larger  vessel encoun-  
t e r e d i n  any tissue g roup ,  except  normal  skin. T h e  
uhras t ruc tura l  clmracter izat ion o f  the microvessels 
included de te rmina t ion  o f  I) hmtinal patency (or oc- 
clusion), 2) the number s  o f  endothel ial  cell and nu- 
clear profiles, 3) contract ion o f  endothelial  cells, de- 
t e rmined  largely by endothel ia l  nuclear  crenat ion,  
and 4) types and condit ions o f  perivasctdar satellite 
cells (pericytes). T h e  following numbers  o f  micro- 
vessels were s tudied in each group:  25 in normal  
skin, 76 in granulat ion tissue, 306 in hyper t rophic  
scar, 106 in keloid, and  51 in mature  scar. Only mi- 
crovessels cut unambiguously in cross-sections (usually 
round  in profile) were used in the data collection. 
Only  a r a r e  view o f  c ross - sec t ioned  microvesse l  
suggested collapse o f  the wall. No confusion existed 
in dist inguishing vessel collapse f rom noncollapse.  
Full occlusion was based on a lumen less than 1 /.tin 
in diameter .  Partial occlusion was assessed for lumens 
up to 3 /~m across; beyond  that the microvessel was 
considered to be patent.  

T h e  pa tency  da ta  were  e x a m i n e d  us ing  chi- 
square statistics de t e rmined  f rom cont ingency tables. 
In addit ion,  95 per  cent conf idence intervals were 
de te rmined  for each tissue group.  Endothel ial  cell 
density was assessed across tissue groups  and was 
c o m p a r e d  be tween  pa ten t  and  n o n p a t e n t  vessels 
using a two-way analysis o f  variance. 

F u r th e r  character izat ions were  based on  com- 
parative quantities in the endothel ial  cells o f  I) mi- 
crofilarnents, 2) Weibel-Palade bodies, 3) microvesic- 
ular bodies, 4) mitochondria ,  5) Golgi membranes ,  
and 6) rough  endoplasmic reticulum. Gradings on 
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Figure 1. Capillary from dermis of normal skin. 
Two endothelial cells are evident and cell junctions 
are simple. Endothelial cytoplasm contains few or- 
ganelles but many micropinocytotic vesicles on both 
luminal and abluminal sides. Sections of a likely single 
pericyte are present with essentially the same void of 
organelles as the endothelium. (• 19,500.) 

a scale o f  0 to 5 were assigned arbitrarily f rom study 
o f  electron micrographs.  

RESULTS 

Electron Microscopy 

Figure 1 illustrates the typical fine s t ruc ture  o f  a 
capillary f rom normal  skin. In this section, profiles o f  
apparen t ly  two endothel ia l  cells can be seen. T h e  
junct ions  o f  the endothel ial  cells are relatively simple. 

Endothelial  cytoplasm contains a few microfila- 
ments,  a scattering o f  free ribosomes, an occasional 
p ro f i l e  o f  r o u g h  e n d o p l a s m i c  r e t i cu lum,  bu t  an 
abundance  o f  micropinocytot ic  vesicles on both  the 
luminal  and  abluminal  sides. Unde r ly ing  the en- 
d o t h e l i u m  is a s imp le  basal  l amina  c o m p r i s i n g  
granular  and short  f i lamentous s tructures  approxi-  
mately 30 nm thick. Outside this layer but  encased in 
their  own basal lamina are the pericytes. In any given 
cross-section, a profi le  o f  usually just  one  pericyte cell 
will be seen. T h e  cells closely resemble endothel ia l  
cells, a l though we have never  observed Weibel-Palade 
bodies in them. 

Occluded capillaries were sometimes observed in 
normal  skin. Usually these occur red  in so-called nor-  
mal samples taken adjacent  to hyper t roph ic  scar le- 
sions. 

Oc c lude d  capil laries p r e d o m i n a t e d  in hyp e r -  
t rophic  scar and keloid. Only occasionally were patent  
vessels observed  in this g roup .  F igure  2 shows a 
cross-section o f  a capillary representat ive  o f  those in 
hyper t roph ic  scar. It is 8 #m in diameter .  Observed  in 
this section are profiles o f  at least 12 endothel ial  cells, 
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inc luding th ree  endothe l ia l  nuclei.  T i l e  l umen  is 
occluded.  Note also the high position o f  the tight 
junct ions  between the endothel ial  cells. T h e r e  are a 
few organelles within the endothel ial  cytoplasm, but, 
a l though not  seen at the magnification o f  f igure 2, the 
cytoplasm is rich in microfi laments.  Endothel ial  nu- 
clei a re  essent ia l ly  r o u n d .  S u r r o n n d i n g  the  en-  
dothel ium is a single layer o f  basal lamina. In most 
cases, however ,  the basal lamina is th ickened and 
multi-layered. 

Also seen in f igure 2, a satellite cell nearly cir- 
cumscribes tile ent i re  pe r iphery  o f  the endothe l ium.  
T h e  inner  r im o f  this satellite cell displays a band o f  
microfi laments that is aligned parallel to the circum- 
ference o f  the vessel and periodically shows cytoplas- 
mic densities (arrows). Such a band is never  seen at the 
per iphery  o f  a cell. No similar satellite cells have been 
observed in normal  dermis  or  mature  scar. We inter- 
pret  these pericytes as myofibroblasts. 

In o the r  occluded microvessels, endothel ia l  nu- 
clei appea red  highly lobated or  crenated.  In f igure 3, 
five profiles o f  endothel ia l  cells can be seen. Outside 
this layer is a comple te  basal lamina. T h e  satellite cell 
again shows the inner  band o f  microfi laments  and 
cytoplastnic densities. Outside the satellite cell is a 
mult i layered basal lamina. 

Complex  unions between endothel ial  cells were 
of ten  observed (fig. 4). Despite this, tight junct ions  or  
gap junct ions  were virtually always seen and in most 
instances were posit ioned high on the cell boundar ies .  
No wide-open breaks or  gaps have yet been observed.  

T h e  endothel ial  cells in hyper t rophic  scars usu- 
ally contain notable axnounts o f  microfi laments,  in- 
creased numbers  o f  mitochondria ,  Golgi membranes ,  
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Figure 2. Cross-section of microvessel from 
hypertrophic scar. Profiles of at least 12 endothelial 
cells are present. A satellite cell is present with an 
inner rim of microfilaments and cytoplasmic densities 
(arrows). Note also the high position of interendothe- 
lial tight junctions. (• 10,200.) 

a n d  prof i les  o f  r o u g h  e n d o p l a s m i c  r e t i c u l u m .  T h e  
n u m b e r s  o f  Weibe l -Pa l ade  bodies  a n d  mu l t i -ve s i cu l a r  
bodies  d id  no t  a p p e a r  to d i f f e r  f r o m  those  in  all o t h e r  
g roups ,  i n c l u d i n g  n o r m a l  de rmis .  A l t h o u g h  vesicles 

were  no t  c o u n t e d ,  we o b s e r v e d  tha t  t he r e  a re  usua l ly  
fewer  m i c r o p i n o c y t o t i c  vesicles in e n d o t h e l i a l  a n d  
satelli te cells o f  h y p e r t r o p h i c  scar  a n d  keloid  com-  
pa r e d  with n o r m a l  de rmis .  

Figure 3. Partially occluded microvessel from 
hypertrophic scar. Note crenated endothelial nucleus. 
Five endothelial cells are present. The satellite cell 
shows an inner rim of microfilaments and cytoplasmic 
densities. The basal lamina is complex and thickened. 
(• 
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Figure 4. Complex endothelial junctions in oc- 
cluded vessel from hypertrophic scar (arrows). 
( x 18,000.) 

Statistical Analysis 

T h e  d i ame te r  o f  the microvessels in the tissues 
examined  varied f rom 3 to 15 btm, but  the major i ty  
were  between 7 and  9/~ms.  Tab le  1 shows the means  
and  ranges  o f  d iamete rs  for  all vessels s tudied f rom 
the several groups .  All were  o f  equivalent  size. 

T h e  results o f  chi-square statistical analyses o f  
the patency frequencies  for  all g roups  are shown in 
table 2. Patency rates were  app rox ima te ly  60 pe r  cent  
for  no rma l  skin, 7 pe r  cent for  granula t ion  tissue and  
hype r t roph ic  scars, 17 pe r  cent  for  keloid, and  20 
per  cent  for  m a t u r e  scar. Chi square  analysis o f  the 
data  shown in table 2 indicated statistical significance 
(P < 0.001). 

Examin ing  a 95 per  cent conf idence  interval  for  
p a t e n c y  across  t issue g r o u p s ,  we c o n f i r m e d  tha t  
g ranula t ion  tissue is similar to l lyper t rophic  scar and  
that  keloid is similar to m a t u r e  scar. Each g r o u p  in- 
dicated a patency rate  significantly lower than  that  o f  
normal  skin. 

Tab le  3 shows the density o f  endothel ia l  cells in 
all microvessel profi les observed.  A two-way analysis 
o f  var iance using the n u m b e r  o f  endothel ia l  cell pro-  
files pe r  square  m i c r o m e t e r  yielded the following 
results: 1) pa tent  vessels showed significantly less en-  
dothelial  density than  n o n p a t e n t  vessels (P = 0.01); 2) 
control l ing for  patency,  we found  no significant dif- 
ferences a m o n g  the tissue g roups  (P = 0.13); and  3) 
there  was no significant interact ion between pa tency  
and  tissue g r o u p  (P = 0.89). 
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Analysis o f  var iance data for  the n u m b e r s  o f  nu-  
clear  prof i les  ind ica ted  no s ignif icant  d i f f e r ences  
a m o n g  the tissue g r o u p s  studied.  

D I S C U S S I O N  

Ti le  vast  ma jo r i ty  o f  ttle microvesse ls  in the 
hyper t roph ic  scars and  keloids had occluded lumens .  
Th i s  f ind ing  c o n t r a s t e d  sha rp ly  with tha t  o f  mi- 
crovessels obse rved  in n o r m a l  skin. T h e  fact that  
occluded microvessels were  somet imes  observed  in 
some o f  o u r  no rma l  samples  may reflect o u r  inability 
to obta in  t ruly  n o r m a l  skin samples .  Most o f  o u r  
specimens were  f rom areas ixnmediately adjacent  to a 
lesion or  were  ob ta ined  f rom lipectomies.  

T h e  microvessels o f  the hype r t roph ic  scars and  
o f  many  keloids very of ten a p p e a r e d  to have several  
satellite cells abou t  them.  This  cont ras ted  with what  is 
usually observed  for  a capillary, where  one  perivas- 

T A B L E  1. D I A M E T E R S  O F  M I C R O V E S S E L S  ( # m )  

Mean __ SD Minimum Maximum 

Normal skin (n = 25) 8.2 -+ 2.7 3.3 13.9 
Granulation 

tissue (n = 76) 9.2 - 2.3 4.5 13.8 
Hypertrophic 

scar (n = 306) 8.3 - 2.3 3.3 14.6 
Keloid (n = 106) 7.8 -+ 2.4 3.7 14.5 
Mature scar (n = 51) 7.7 - 2.2 3.8 13.3 
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TABLE 2. PATENCY OF MICROVESSELS* 

95% Confidence 
Interval for 

Patency Partial FuI1 Patency (%)z~ 

(%) Occlusion (%) Occlusion (%) Low High 

Normal skin (n = 25) 
Granulation tissue (n = 75]') 
Hypertrophic scar (n = 306) 
Keloid (n = 105i) 
Mature scar (n = 51) 

60 36 4 39 79 
6.6 30.7 62.7 2 15 
6.9 19.3 73.8 4 11 

17.1 20.0 62.9 11 26 
19.6 33.3 47.1 10 33 

* X ~ = 51.7, P < 0.001 (see text for discussion). 
i Data not determined for one case. 
:]: Documenta, Geigy. Scientific Tables, 6th Editiou, page 86, 1962. 

TABLE 3. ENDOTHELIAL CELL DENSITY (per/xm2) * 

No. of Vessels Mean density (• Minimal Density Maximal Density 

Patent Occludedt Patent Occluded Patent Occluded Patent Occluded 

Normal skin 15 10 0.09 _ 0.04 0.13 • 0.05 0.05 0.07 0.15 0.23 
Granulation tissueqt 5 70 0.07 • 0.03 0.10 • 0.05 0.04 0.03 0.11 0.29 
Hypertroplfic scar 21 285 0.10 • 0.05 0.14 • 0.07 0.03 0.03 0.19 0.53 
Keloid 18 87 0.10 • 0.05 0.14 • 0.09 0.03 0.03 0.24 0.52 
Mature scar 10 40 0.13 _ 0.05 0.14 • 0.07 0.08 0.05 0.26 0.33 

* Results of two-way analysis of variance: effect of patency significant (P = 0.01); effect of tissue not significant (P = 0.13); no 
interaction between patency and tissue (P = 0.89). (See text for further discussion.) 

i" Includes partial and full occlusion. 
Data not available for one case. 

cular satellite cell or  none  may be presentY. In many 
cases the innermost  satellite cell had every character-  
istic o f  a myofibroblast.  In any event, no previous 
repor t  known to us identifies a myofibroblast  as a 
pericyte o f  capillaries. 

The  occlusion we repor t  may be due  to any o f  
three possible mechanisms, or  combinations o f  these: 
I) perivascular myofibroblast  contraction,  2) endo-  
thelial cell contraction, or  3) endothelial cell prolifer- 
ation. 

Pericapillary myofibroblasts  were observed  in 
about  half  o f  the hyper t rophic  scars and keloids we 
studied. It may be that they eventually migrate  f rom 
the perivascular position to the interstitial area, where 
they are much  more  numerous .  After  a time they may 
be t ransformed into fibroblasts. Pericapillary satellite 
cells are suspected o f  being the source o f  new fibro- 
blasts in dermal  wounds  7-9 and, possibly, .liver cir- 
rhosis? ~ Indeed,  ou r  first s tudy o f  granulat ion tissue 
showed  a p l e tho ra  o f  per icytes  abou t  the newly 
growing capillaries? T h e  smooth  con tour  o f  nuclear  
sections th rough  the pericapillary myofibroblast  is not  
cons idered  equivocal to a p roposed  active contrac-  
tion, since only the inner  o r  vascular side o f  the cyto- 
plasm conta ins  the microf i l aments  and  densities.  
Fur thermore ,  active contract ion o f  the myofibroblast,  
which would have a direct functional effect on  the 
microvessel, is suggested because the microfi laments 
have not been observed elsewhere in the cell. 

Evidence o f  endothelial  cell contraction,  which 
might  contribute to luminal occlusion, has not been 
consistently observed. Crenated nuclei are the excep- 

tion, not the rule. Al though  endothelial cell contrac- 
tion, as previously repor ted,  n-~3 would tend to short- 
en a vascular segment,  a bulging of  tile nuclear  re- 
gion could p ro t rude  into the lumen, thereby effecting 
an occlusion. However ,  we have found no consistent 
evidence o f  shor tened vascular segments by multiple 
light microscopy studies o f  serial paraff in sections. 

By far the most plausible mechanism for  occlu- 
sion can be suppor t ed  by the density o f  profiles o f  
endothelial cells observed in cross-sections. T h e  en- 
dothelial cell density data also strongly a rgue  against 
occlusion due  to collapse. Besides, collapse is not  
really tenable in light o f  round  profiles o f  microvessels. 
Fur thermore ,  f igure 2, in which a microvessel 8/~m in 
diameter  is occluded,  showing profiles o f  12 endo-  
thelial cells, also demonstra tes  tight endothelial  junc-  
tions situated high between endothelial cells. This was 
a c o m m o n  observation; it would not occur  if the en- 
dothelial cell density increased at a given focus o f  the 
vessel owing to either contract ion or  endothelial  cell 
collapse. It also is not  reasonable to suspect that  tim 
occluded microvessels in hyper t rophic  scar and keloid 
are simply the terminal  closed ends o f  growing vessel 
buds. In  h y p e r t r o p h i c  scars and  keloids o f  some 
years'  standing, this activity, expected in granulat ion 
tissue, would have long since ceased. 

Occlusion is essentially the same process in each 
group,  as j u d g e d  f rom the interaction statistic. T h e  
density data also suggest that some normal  cases were 
probably not normal .  Indeed ,  some o f  those cases 
were probably "normal"  tissue immediately adjacent 
to the scar or  keloid lesion. 
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I t  is likely that  endothe l ia l  cell p ro l i f e ra t ion  is the  
m a j o r  fac tor  c o n t r i b u t i n g  to occlusion.  H o w e v e r ,  it is 
also likely tha t  pe r ivascu la r  myof ib rob la s t  a n d  e n d o -  
thelial cell con t r ac t ions  also con t r ibu te ,  albeit  mini -  
mally.  

T h e  u l t r a s t ruc tu re  o f  mos t  endothe l ia l  cells in 
h y p e r t r o p h i c  scar  a n d  keloid is in c onc e r t  with an  
active biologic state. W h e t h e r  this indicates  p ro l i fe ra -  
t ion c a n n o t  be def in i te ly  s ta ted here .  H o w e v e r ,  p ro -  
l i ferat ion cou ld  be s u p p o r t e d  by increased  n u m b e r s  
o f  organel les  and  m a n y  in terce l lu lar  j u n c t i o n s  tha t  
f o r m  c o m p l e x  un ions  o r  mazes  o f  intr icate  part ial ly 
in te rd ig i t a ted  cell processes.  

It  is o f  special s ignif icance that  in o u r  p rev ious  
s tudy  o f  a first series o f  g r a n u l a t i o n  tissues f r o m  d e e p  
h u m a n  w o u n d s  a we f o u n d  o c c l u d e d  microvessels  on ly  
in o l d e r  g r a n u l a t i o n s ,  t hose  in w h i c h  the  c o l l a g e n  
pa t t e rns  o f  h y p e r t r o p h i c  nodu l e s  ha d  a l r eady  b e e n  
well es tabl ished.  Add i t iona l ly ,  f ibr in p o l y m e r  was 
pers is tent  in every  case e x a m i n e d .  

It  a p p e a r s  likely tha t  mic rovascu la r  occ lus ion  in 
h y p e r t r o p h i c  scars a nd  keloids is d u e  pr inc ipa l ly  to 
increased  n u m b e r s  o f  endo the l i a l  cells. I t  m a y  also be 
tha t  a p ro l i fe ra t ion  is es tabl ished in the  g r a n u l a t i o n  
phase.  T h e  fac tors  p r o m o t i n g  a suspec ted  p ro l i f e ra -  
t ion are  no t  k n o w n ;  however ,  because  we have  ob-  
se rved  pervas ive  a n d  pers is tent  f ibrin in o u r  series o f  
g r a n u l a t i o n  tissues, we sugges t  that  this is a possible 
sou rce  o f  s t imula t ion .  Fibrin has b e e n  iden t i f i ed  as 
s t imula t ing  a m a r k e d  u p t a k e  o f S H - l a b e l e d  t h y m i d i n e  
in cu l tu res  o f  fibroblasts,  t4"t5 

O n c e  again ,  we a re  compe l l ed  to r ea f f i rm  o u r  
hypthes i s  tha t  hypox i a  is an  in tegra l  f ac to r  in the  
g e n e r a t i o n  o f  h y p e r t r o p h i c  scar  and  keloid.  We  have  
p r o v i d e d  s t r o n g  m o r p h o l o g i c  ev idence  o f  the  o r ig in  
o f  the  hypox ia .  W h e t h e r  the  hypox i a  m a y  s t imula te  
p ro l i fe ra t ion  o f  endo the l i a l  cells, pericytes,  a n d  f ibro-  
blasts o r  the  synthesis  o f  col lagen,  o r  all, r ema ins  to be 
d e t e r m i n e d .  H u n t  et  al. ~6 a r g u e  c o n v i n c i n g l y  f o r  

hypox ia  con t ro l l ing  col lagen synthesis  in the  w o u n d s  
o f  rabbits a n d  dogs .  
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