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Abstract • Background: Graves' 
orbitopathy (GO) is generally con- 
sidered to have an autoimmune etio- 
logy. Recently, however, it has been 
hypothesized that orbital venous 
obstruction may contribute signifi- 
cantly to the clinical manifesta- 
tions. To determine whether such 
obstruction could induce histologic 
and clinical findings consistent 
with GO, we developed an animal 
model of  orbital venous obstruction 
by ligating the draining ophthal- 
mic veins of the right eyes of four 
cats. • Methods: The branches 
of the ophthalmic veins were isolat- 
ed and ligated following a lateral 
orbitotomy. Weekly photographs 
and echographs were taken of the 
cats; one cat was killed at each of 
four time points, namely 1, 2, 3, 
and 4 weeks after surgery. Histolog- 

ic stains were applied to isolated or- 
bital tissues to characterize patho- 
logic changes. • Results: Clinical- 
ly, there was onset of marked prop- 
tosis, chemosis, and exotropia. His- 
tological findings within the ex- 
traocular muscles included activa- 
tion and the presence of acid muco- 
polysaccharides 1 week after liga- 
tion, increased collagen and the 
presence of lymphoid cells at 2 
weeks after ligation, and persistent 
interstitial lymphocytic infiltrates 
the 3rd and 4th weeks after liga- 
tion. • Conclusion: Without evok- 
ing a primary orbital inflammation 
or inducing a systemic autoimmune 
disease, an animal model has been 
developed that closely mimics many 
of the advanced clinical and histo- 
logic changes that occur in GO. 

Introduction 

Extraocular muscles are commonly affected in Graves' 
orbitopathy. The histopathologic changes include inter- 
stitial infiltration of the extraocular muscles with 
mononuclear cells and fibroblasts; in addition, there is 
edema and acid mucopolysaccharide deposition [12, 15, 
19, 20]. Although both light and electron microscopy 
have failed to reveal destroyed or degenerated muscle 
fibers, [9, 12, 15, 20] the findings have been considered 
to be consistent with an autoimmune process. Serum an- 
tibodies to extraocular muscle [1, 2, 7, 11] and cell-me- 
diated reactivity to extraocular muscle antigen have been 
identified [5, 21], but there is limited understanding of 
how an autoimmune attack results in the pathologic 

changes that occur in the extraocular muscles of patients 
with Graves' orbitopathy. 

Recently, Hudson et al. [8] reported nine cases (13 
orbits) of Graves' orbitopathy that were without signifi- 
cant extraocular muscle enlargement. Computed tomo- 
graphic (CT) scans of these orbits revealed that mild en- 
largement of the superior rectus muscle alone was corre- 
lated with markedly increased volume of intraconal fat, 
increased vascular markings within the intraconal space, 
and enlargement of the superior ophthalmic vein - signs 
of congestion that have previously been described in 
Graves' orbitopathy [ 13, 22]. Hudson et al. [8] hypothe- 
sized that venous obstruction, rather than inflammation, 
contributed significantly to many of the clinical mani- 
festations of  this disease. Herein, we describe an animal 
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m o d e l  of  o rb i t a l  venous  obs t ruc t ion  and d e s c r i b e  the  
c l in ica l ,  e c h o g r a p h i c  and h is to logic  f ind ings .  These  
f ind ings  are c o m p a r e d  wi th  c l in i ca l  and h is to logic  de-  
sc r ip t ions  of  Graves '  o rb i topa thy .  

Material and methods 

The studies described herein conformed to the ARVO Resolution 
on the Use of Animals in Research. Animals were maintained in 
facilities fully accredited by the American Association of Labora- 
tory Animal Science. Domestic cats (Felis domesticus) were used 
because of their well-defined orbital venous drainage system [14], 
not dissimilar to that found in humans, which is lacking in rats and 
rabbits. 

Surgical procedure 

Experimental animals (n=4) were injected subcutaneously with 
atropine (0.5 mg/0.45 kg) and acepromazine (1 mg/0.45 kg) for 
sedation followed by an intramuscular injection of ketamine hy- 
drochloride (10mg/0.45kg).  An endotracheal tube was then 
passed to maintain normal breathing. Sodium thiamylal 2% (Bio- 
tal; 1 mg/4.5 kg), administered intravenously, was used as a gener- 
al anesthetic. 

With the anesthetized cat in lateral recumbency, a right lateral 
orbitotomy was performed. After shaving the hair and cleansing 
the skin with alcohol, a skin incision was made directly over the 
zygomatic arch. The incision was begun just posterior to the lateral 
palpebral ligament on the frontal process of the zygomatic bone 
and was extended caudally to the posterior one-third of the tempo- 
ral process of zygomatic bone. The superficial and deep bellies of 
the temporalis muscle were dissected free to isolate the zygomatic 
arch. The frontal process of the zygomatic bone was nibbled away 
with a rongeur, and the short orbital ligament, located between the 
frontal process of the zygomatic bone and the zygomatic process 
of the frontal bone, was cut. The periorbita was incised, following 
which the branches of the inferior orbital vein and the superior 
ophthalmic vein were located and ligated with an 8-0 Vicryl su- 
ture. The temporalis muscle fibers were reattached to the zygo- 
matic arch with 4-0 catgut suture, and the skin flaps were sutured 
with 4-0 silk. 

Postsurgical analgesia included oxymorphone hydrochloride 
0.25-0.5 mg and acepromazine 0.1 mg/4.5 kg, given subcuta- 
neously every 8 h for 2 days. Amoxicillin antibiotic ointment was 
applied twice a day for 1 week. 

Clinical measures 

Photographs of the cats' heads were obtained on a weekly basis. 
B-scan orbital echography (Ultrascan 404) was performed weekly 
to assess changes in volume of the extraocular muscles and of the 
draining veins. 

Histologic preparation 

Cats were killed by barbiturate overdose at 1 week, 2 weeks, 3 
weeks, and 4 weeks following venous ligation and were immediate- 
ly infused with 5% formaldehyde via the intracardiac route. The 
orbits were then exenterated and placed in 5% formaldehyde solu- 
tion. Coronal sections were obtained from the level of the equator 
of the globe, from the level of the exit of the optic nerve from the 
globe, and from a level approximately 1-2 mm posterior to the 
globe. Sections 5 um thick were cut, and adjacent sections were 

stained with hematoxylin and eosin to evaluate morphology, with 
Gomori's one-step trichrome stain to evaluate collagen deposi- 
tion, and with Alcian blue to evaluate presence of acid muco- 
polysaccharide. 

Controls 

In two cats (killed at the conclusion of weeks 3 and 4), no surgery 
was performed on the left eye. In the other two cats (killed at weeks 
1 and 2), orbitotomy was performed in a manner identical to that of 
the eye undergoing orbital venous ligation, but no ligatures were 
placed (sham surgery). 

Results 

Cl in i ca l  a p p e a r a n c e  

A l l  o f  the an ima l s  d e m o n s t r a t e d  s imi la r  c l in ica l  f ind-  
ings.  These  cons i s t ed  of  marked ,  p rogress ive  con junc t i -  
val edema ,  l id  swel l ing ,  l imi t a t ion  of  ocu la r  m o t i l i t y  
wi th  exodev ia t ion  o f  the involved eye,  and p rop tos i s ,  al l  
o f  wh ich  pe rs i s t ed  to the t ime  o f  s ac r i f i c e  (Fig.  1). Min i -  
mal  swe l l ing  o f  the  soft  t i ssue  over the  surg ica l  si te and 
mi ld  con junc t iva l  e d e m a  were  p resen t  on the s h a m - o p e r -  
a ted  s ide  of  the  two an ima l s  that  underwent  sham 
surge ry ;  this reso lved  c o m p l e t e l y  wi th in  48 h af ter  oper -  
ation. 

E c h o g r a p h i c  a p p e a r a n c e  

B - s c a n  e c hog ra phy  o f  the e x p e r i m e n t a l  an ima l s  d e m o n -  
s t ra ted  th i cken ing  o f  the ex t r aocu l a r  musc les ,  p r i m a r i l y  
in the midpo r t i on .  The  inse r t ions  a p p e a r e d  re la t ive ly  
spa red  (Fig.  2). 

His to logy  

Orb i t a l  t i ssue  ad jacen t  to the opera t ive  si te d e m o n s t r a t e d  
f ib ros i s ,  cons i s ten t  wi th  hea l ing ,  and d id  not  undergo  
fu r the r  examina t ion .  One  week  af ter  vein l igat ion the 
ex t r aocu l a r  musc l e s  d e m o n s t r a t e d  areas  of  m y o c y t e  act i -  
vation, c h a r a c t e r i z a t i o n  by  round ing  o f  the c y t o p l a s m  
and cen t ra l  migra t ion  of  the nuclei .  Wi th  A l c i a n  b lue  
stain,  ac id  m u c o p o l y s a c c h a r i d e  depos i t i on  be tw een  mus-  
cle bundles  was apparen t  (Fig.  3). A t  2 weeks  af ter  vein  
l igat ion,  ac t iva ted  m y o c y t e s  were  again  no ted  ad jacen t  to 
foci  o f  round  cel l  i n f i l t r a t ion  wi th in  the in te rs t i t i a l  space .  
T r i c h r o m e  stain d e m o n s t r a t e d  the p re sence  o f  d i f fuse  
i n f l a m m a t o r y  round cel l  i n f i l t r a t e  (Fig.  4) as wel l  as in- 
te rs t i t i a l  co l l agen ,  cons is ten t  wi th  f ib ros i s  (Fig.  5). A t  3 
weeks  (Fig.  6) and at 4 weeks  (Fig.  7), focal  a reas  of  
l y m p h o c y t i c  in f i l t r a t ion  pe r s i s t ed  wi th in  the in te rs t i t i a l  
spaces  o f  the ex t r aocu l a r  musc les .  There  was no his to-  
logic  ev idence  o f  a r t e r i a l  occ lus ion  or of  t issue necros is .  
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Fig. 1 Two weeks after venous ligation of the right eye, proptosis, 
exodiviation, and chemosis are apparent. All experimental animals 
demonstrated similar characteristics 

Discussion 

In a 1992 report  of  an experimental study of Volkmann's 
ischemic paralysis, Brooks [4] stated that " the  patholog- 
ic process following the marked obstruction to venous 
return of blood from tissues in which the arterial supply 
is not obstructed is of the nature of  an inflammatory 
rather than a degenerative process ."  He described a 
leukocyte infiltration with edema, followed by progres- 
sive fibrosis and contracture; degeneration of  muscle tis- 
sue was minimal. Except for the type of leukocyte ob- 
served (polymorphonuclear  as opposed to mononuclear),  
this description is consistent with both the clinical and 
the histologic muscle changes observed in our animal 
model. 

There is ample evidence of venous obstruction in 
Graves' orbitopathy. Inoue et al. [ 10] described changes, 
demonstrable by CT, that included dilation of orbital 
veins. Peyster and colleagues [13] and Hudson et al. [8] 
have also demonstrated prominence of the superior oph- 
thalmic vein by CT. Recently, a case of slow flow 
retinopathy in a patient with Graves' disease has been 
described (S.C. Benes, presented at 23rd Annual Meet- 
ing of the Frank B. Walsh Society, Salt Lake City, 1991). 
Increased episcleral venous pressures may raise intraoc- 
ular pressure (IOP) in some patients with orbital venous 
obstruction. Similarly, IOP has been noted to increase in 
proportion to the degree of Graves' exophthalmos [17]. 

Based upon the lack of  direct evidence of an autoim- 
mune process directed against the extraocular muscles, 
and on the reported compromise of venous outflow from 
the orbit, the model described herein may accurately re- 
flect many of  the findings of  Graves' orbitopathy. How- 
ever, the pathophysiology that leads to venous obstruc- 
tion in Graves' disease remains unexplained. Hudson et 

Fig. 2a, b Orbital echographs of control (a) and experimental (b) 
eyes, taken at 2 weeks after ligation, demonstrate enlarged superi- 
or and inferior rectus muscles (arrows) in the experimental eye 
compared with those of the control eye 

al. [8] proposed that the inflammatory process might ex- 
tend along septa or the perimysium and produce periph- 
lebitis or localized compression that affects the superior 
ophthalmic vein in the region of the superior rectus mus- 
cle. If  this is the case, the pattern of venous compromise, 
especially of the superior ophthalmic vein, might be crit- 
ical in determining the extent of  the orbital changes. As 
the extraocular muscles increase in size, crowding at the 
orbital apex may produce additional obstruction to or- 
bital venous outflow. Alternatively, there may be local- 
ized changes in the permeabili ty of  capillaries due to 
immune- or hormone-mediated alteration of vascular en- 
dothelial cells. 

Venous obstruction explains some but not all of  the 
findings in Graves' orbitopathy. Most of the evidence for 
an immune response in patients with Graves' orbitopathy 
is derived from the isolation of  serum antibodies that 
bind to extraocular muscle, and usually to other skeletal 
striate muscle as well [1, 2, 7, 11]. In addition, B and T 
cell reactivity to striate muscle has been demonstrated 
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Fig. 3 Extraocular muscle from an experimental cat one week 
post-ligation shows reactive myocytes with internalized nuclei (ar- 
rows). The interstitium is expanded and contains acid mucopoly- 
saccharide deposition (asterisk) (Alcian blue, pH 2.5×200) 

Fig. 4a, b Widespread, diffuse, infiltration of inflammatory 
cells, insinuating between muscle bundels, is demonstrated at 2 
weeks postqigation at x50 (a) and ×100 (b) magnification (Go- 
mori's one-step trichrome) 

Fig. 5 In this cat at 2 weeks post-ligation, the expanded intersti- 
tium contains increased collagen, as demonstrated with the trich- 
rome stain. A collection of lymphoid cells is present at the upper 
left. The nuclei of the myocytes are enlarged and have prominent 
nucleoli (Gomori's one-step trichrome, ×200) 

Fig. 6 Focal lymphocytic infiltrate persists at 3 weeks post-liga- 
tion (hematoxylin and eosin, ×200) 

Fig. 7 This cat, 4 weeks post-ligation, also has infiltrates of lym- 
phoid cells between muscle fibers (hematoxylin and eosin, ×200) 
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[21]. However,  no p r imary  degenera t ion o f  muscle  fibers 
has been observed at ei ther  the light or electron micro-  
scope level [5, 21]. Fur thermore ,  a relative pauc i ty  o f  
in f l ammatory  cells and a lack o f  class II  antigen expres- 
sion by extraocular  muscle  led Tall stedt and Norberg  [ 18] 
to conc lude  that "b iopsy  f indings may argue against a 
cl inical ly s ignif icant  immunolog ic  react ion to the ex- 
t raocular  muscle  ant igen ."  

The question remains  as to why circulat ing antibodies 
and cel lular  immune  react iv i ty  to extraocular  muscles  
are features o f  patients with Graves '  disease. The activa- 
tion o f  myocy tes  noted in this experimental  model  o f  
venous stasis may provide  an impor tan t  clue. This activa- 
tion may be accompan ied  by expression of  surface anti- 
gens and by cy tokine  elaboration,  possibil i t ies that re- 
quire fur ther  investigation. However,  it is reasonable  to 
postulate that the immune  react ivi ty  to extraocular  mus-  
cle is a secondary  effect,  rather  than a p r imary  cause o f  
Graves '  orbitopathy. 

Attent ion has been directed also to the increased in- 
terstitial t issue that is present in extraocular  muscle  o f  
m a n y  Graves '  disease patients [9, 16, 19]. In addition, 
several investigators have repor ted  evidence  o f  autoim-  

muni ty  related to orbital f ibroblasts  [3, 6]. Interstitial 
fibrosis is a feature o f  Volkmann ' s  paralysis as well. 

W h e n  cons idered  with the consti tut ional  symptoms  
and signs, there must  be other  immune  and /o r  hormonal  
factors present  to initiate the constel lat ion known as 
Graves '  disease. It is impor tan t  to determine exactly 
which  aspects o f  the orbi topathy can be explained solely 
by venous obstruction.  Us ing  this animal  model ,  we are 
p lanning  experiments  to study length- tension curves o f  
the affected extraocular  muscles  as well as other  aspects 
o f  the orbital process,  such as episcleral venous pressure 
and int raocular  pressure. This model  also aflbrds the op- 
por tun i ty  to determine whether  musc le-spec i f ic  anti- 
body  may circulate solely as a result  o f  venous obstruc-  
tion. 
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