
Glasgow Theses Service 
http://theses.gla.ac.uk/ 

theses@gla.ac.uk 

 
 
 
 
Forrester, John V. (1979) Mechanisms for the clearance of blood in the 
vitreous. PhD thesis 
 
http://theses.gla.ac.uk/6579/ 
 
 
 
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given. 

 

http://theses.gla.ac.uk/
http://theses.gla.ac.uk/6579/


MECHANISMS FOR THE CLEARANCE OF BLOOD 

IN THE VITREOUS 

JOHN V. FORRESTER 

M.B., Ch.B. (University of Glasgow) 
F.R.C.S. (Edinburgh) 

SOUTHERN GENERAL HOSPITAL, 

GLASGOW 

and 

TENNENT INSTITUTE OF OPHTHALMOLOGY, 

GLASGOW 

DISSERTATION SUBMITTED FOR DEGREE OF 

DOCTOR OF MEDICINE, UNIVERSITY OF GLASGOW. 

, 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, lS23 7BQ 

www.bl.uk 

BEST COpy AVAILABLE. 

VARIABLE PRINT QUALITY 



TO ANNE 



I 

TABLE OF CONTENTS 



II 

TABLE OF CONTENTS 

Page 

TABLE OF CONTENTS I 

LIST OF ILLUSTRATIONS XIII 

LIST OF TABLES XXI 

ACK~OWLEDGEMENTS XXV 

PREFACE XXVIII 

SUlw:MARY XXXI 

PART I INTRODUCTORY 

CHAPrER 1 THE CLINICAL PROBLEM OF VITREDUS HAEMORRHAGE 

Introduction 2 

The Normal Vitreous 2 

Causes of Vitreous Haemorrhage 6 

Incidence of Vitreous Haemorrhage 7 

Clinical Factors associated with Delayed Resolution 

of Vitreous Haemorrhage 9 

Diagnosis of Vitreous Haemorrhage 10 

Complications of Vitreous Haemorrhage 11 

Therapeutic Considerations 12 

PART 2 COAGULATION MECHANISMS WITHIN THE VITREOUS 

CHAPrER 2 REVIEW OF PHYSIOLOGY OF BLOOD COAGULATION 

Introduction 

Intrinsic Pathway 

15 

16 



















































































































































































































































































































































































































































































































































































































'. 
�~�,� 

! . " 
' ... " .! • 

'; . 

Figure 14.6 Three week vitreous haemorrhage, T.E.M. 

(a) Marked heterogeneity of the macrophage cytoplasmic 

inclusions is shown. Intact red blood cell (rbc) , myelin whorl (wh) , 

lipid droplets (1) , granular inclusion (g) . x 1),600 



Fi gure 14 .6 Three week vitreous haemorrhage 

(b) Acid phosphatase staining of inclusions is especially 

mar ked in primary lysosomes (ly) . Intracytoplasmic channels (ch), me mbrane 

bound phagoBomes (arrow) , granular inclusion (g ) . Apparent fus ion of 

pr i mary lys osomes wit h phagosomes is observed (arrow head ). x 18 , 800 



172 

Several secondary lysosomes were enclosed in a single or double membrane, 

but in others it was difficult to identify a membrane. 

Few other organelles were identified in these large cells, such 

as mitochondria, endoplasmic reticulum or Golgi complexes. The 

eccentrically placed nucleus often showed one or more nucleoli and 

margination of nuclear heterochromatin (Fig. l4.5b). 

Between three and six weeks after induction of the vitreous clot, 

several morphological changes occurred in the cell exudate. A striking 

feature was the formation of massive cell aggregates (Fig. l4.7a) which 

occurred in various loci within the vitreous. Since the main clot 

structure had disintegrated by this stage (see Chapters 12,13), it is 

possible that these large cell clumps represented fragments of the 

original clot. The cells in these clumps were uniformly very large, 

sometimes with a diameter of more than 100 pm, and between the cells 

lay small accumulations of amorphous debris (Fig. l4.1a). Fine fibrous 

strands radiated from the clumps of cells, but it was difficult to identify 

the nature of the substratum to which the cells adhered. It is likely 

that this layer was composed of residual clot debris. The surface 

morphology of the cells at this stage was notably uniform. They were 

generally rounded or oval, and smooth-surfaced, and where microvilli 

were present, these were short and thick (Fig. l4.1b). Some cells 

showed pits and indentations, measuring 0.1-2 pm, of their surface 

membranes, while other cells had a complex system of ridges, flaps and 

folds. Filiform extensions of the peripheral cytoplasm were seen in 

only a few cells, and it was rare to find distinct lamellipodia. Several 

cells showed prominent bulges of the surface membranes, while others had 

a cobblestone appearance (Fig. l4.1b). 

Between six weeks and eighteen months after the injection of blood 

into the vitreous, total cell numbers gradually decreased, but their 

-----_._--- ... 



Figure 14. 7 Six week vitreous haemorrhage , S. E. M. 

(a) Aggregate of cells . The cells are very large and 

generally roun ed . Amorphous debris noted between the cells. A fibrous 

strand is observed attached to the cell mass . 

seen at the top of the field (arrow) . x 600 . 

A single spread cell is 



Figure 14 . 7 ix week vitreous hae orrhage , S. E. M. 

(b) The cell surface is variably smooth or cobblestone . 

Microvilli are short and thick when present . Some cells have filiform 

exten ions (arrow) . Pits and indentations are seen in other cells 

(arrow heads) . Occasional intact red cells are present in the cell 

mass (curved arrow) . x 900 
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morphology was similar to that at six weeks. IIlost of the cells were 

very large, sometimes measuring more than 200JWD in diameter, and they 

contained very large numbers of phagosomes similar to those described 

above (Fig. l4.8a). However, some cells with prominent microvilli 

contained numerous small (3JWD) round inclusions of uniform size, 

whereas the inclusions in other cells were extremely variable in size. 

These latter cells also had fewer microvilli (Fig. 14.8a). Acid 

phosphatase activity within the cells also varied, and was most marked 

in those cells with the smaller inclusions (Figs. l4.8b and inset). 

These appearances suggested that there was considerable variation in 

the phagocytic capacity of the cells. In addition, electron dense 

material, which closely resembled the intracellular inclusions, was 

frequently encountered in the extracellular space (Fig. 14.9), 

particularly in association with healthy macrophages. This suggested 

that some of the cells had undergone cytolysis with release of their 

cell contents which were then rephagocytosed by other active cells 

(Fig. 14.9). 

Few other cell types were observed. The proportion of young 

cells in the cell exudate was low after three weeks,-although fresh 

cells were found even in the late stages of blood clearance (Fig.14.10a). 

It was more common, however, to find multinucleate giant cells, usually 

as members of a large cell aggregate (Fig. 14.10b). These cells con­

tained numerous phagolysosomes, similar to those in conventional macro­

phagesj their nuclei often showed one or more nucleoli and a thin rim 

of nuclear heterochromatin. Primary lysosomes were few. There 

appeared to be segmental condensation of the cytoplasm in areas where 

there was intimate contact between the cell membranes of two cells, 

but no fusion of cell membranes was seen between mature cells (Fig. 

l4.l0b) • Only when young cells were present in association with large 



Figure 14 . 8 Nl ne week vitreous haemorrhage , T. E. M. 

(a) Aggregate of macrophages . Inclusions are similar 

to those seen earlier . However , some cells show uniform small inclusions , 

while others show marked variation in size of inclusions . Recently 

in ,ested red cell (rbc) . x 3 , 800 

(b) Marked acid phosphatase reaction product in a 

macrophage with small inclusions . x 3 , 700 . 

Particularly high activity was observed in primary 

lysosomes (inset) . x 90 ,000 



Figure 14 . 9 Twenty-week vitreous haemorrhage , T. E. M. 

Considerable amorphous debris is noted in the extra-

cellular space surrounding an active vitreous macrophage . This 

material is similar to the cytoplasmic inclusions , and appears to 

be undergoing phagocytosis (arrow) . x 3 , 800 



Figure 14.10 (a) Young vitreous macrophage eighteen months after 

injection of blood into the vitreous . The cell 

shows a high nucleus to cytoplasm ratio , and contains few phagosomes . x 6,400 . 

(b) Cell aggregate twenty weeks after injection of 

blood into the vi t reous . A large multi-nucleate 

cell is shown . Tunnelisation (see discussion) is particulary well seen 

in th se cells as sickle- shaped and rine- like inclusions (arrows) . Con­

densations of cell membrane are seen in areas of close contact between 

cells (arrowhead) . x 2, 800 . 
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mature macrophages was fusion of the plasma membranes suggested by the 

bridging of cytoplasmic contents between the two cells (Fig. 14.11). 

The cellular response to blood in the vitreous was therefore com-

posed largely of mature macrophages, and to a lesser extent, multi-

nucleate giant cells and young round cells. Epithelioid cells and 

fibroblasts were not seen. Some of the round cells could not be 

distinguished from lymphocytes by morphological means, but their 

numbers were few after three weeks. 

DISCUSSION 

Previous studies of the inflarrmatory response to vitreous blood 

clots have described the slow emigration of cells into the vitreousl94 

and the relative lack of polymorphonuclear leucocytes within the initial 

exudate l94 (see Chapter 12). These findings have been confirmed in the 

present study. The few polymorphonuclear cells which were seen twenty-

four hours after the injection of blood into the vitreous occurred within 

and around the original clot, and probably represented cells which had 

been introduced with the blood at the time of injection. This was 

further suggested by their advanced state of degeneration and their 

absence of active phagocytosis. Alternatively, if these cells did 

correspond to the initial phase of polymorphonuclear leucocyte emi-

gration, their numbers were considerably fewer than was reported in 

the inflammatory exudates to similar blood clots in the vascular 

tree175 ,2ll or dermis52 , or in fibrin clots in the skin389 ,434. The 

central role of polymorphs in the clearance of fibrin deposits in in­

flammatory exudates has been amply demonstrated48 ,389,405, and this 

mechanism, in association with the intrinsic fibrinolytic activity 

of most tissues (see Chapter 7) provides a means of rapidly clearing 



Figure 14.11 ( a) Cell exudate twenty weeks after blood injection into 

the vitreous . An immature round cell is seen in 

close association with a mature macrophage . 

poss ible fusi on of cell membranes . x 12 , 300 

Arrows indicate an area of 



Figure 14 . 11 (b) Cell exudate eighteen months after blood injection 

into the vitreous . Fusion of cell membranes 

between a young mononuclear cell and a mature macrophage is suggested 

by bridging of cytoplasmic contents between the two cells . x 10 , 900 
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fibrin from injured tissues and ensuring a return of structural in-

tegrity. Indeed, within hoUrs of placing fibrin clots on cover slips 

into the skin of rabbits, Riddle and Barnhardt389 observed massive 

accumulation of polymorphonuclear leucocytes, not only surrounding 

the clot, but invading its depths and forming pockets within its 

substance. Clearly, the response to blood clots in the vitreous 

was different. Penetration of the blood clot by inflammatory cells 

did not occur, and indeed the clot remained as a discrete mass for at 

least four weeks. 

The low levels of tissue fibrinolytic activity in the vitreous 

(Chapter 7) and the failure of vitreous blood to generate an adequate 

polymorphonuclear cell response both probably militate against the 

removal of blood clots from the vitreous. Even after one month, when 

most of the red cells had either been lysed or had diffused aw~ from 

the clot (see Chapter 12) a fibrin framework of the original haematoma 

remained. Additional biochemical evidence has shown that up to six 

weeks elapsed before fibrin was removed from an experimental vitreous 

clot (see Chapter 8). It would thus appear that both the inadequate 

polymorphonuclear cell response and the low fibrinolytic activity of 

the vitreous contributed to this delayed fibrin clearance. 

The inflammatory response to blood in the vitreous has thus been 

shown to be predominantly mononuclear. Mononuclear cell invasion was 

observed seventy-two hours after blood injection and gradually increased 

until the third week. After this time, fresh cells were infrequently 

observed, ani the lesion consisted of mature macrophages and multi-

nucleate giant cells in large cell aggregates. The small numbers of 

fresh cells, and the characteristic ultrastructure of the long-lived 

macrophages, namely masses of ingested insoluble material within the 

phagosomes and paucity of primary lysosomes, were similar to the 
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appearances of cells in a "low-turnover"granuloma387• 

The insoluble material wit hin the cells represented partially 

degraded red cells which showed all stages of lysis from recently 

ingested erythrocytes to myelin whorl formation (Fig. 14.6c). This 

process of intracellular haemolysis in alveolar macrophages has been 

fully documented by Collett and Petrik103,104. Both the granular 

and the haemolytic pathways of red cell breakdown recently described 

by Zilies575 were noted in vitreous macrophages, although t he former 

was much more common. In several cells, however, the degradation 

process seemed to have ceased at the stage of "tunne1isation", a term 

coined by Edwards and Simon1)1 to describe the inspissation of phago-

cytic cell cytoplasm into the erythrophagosome (Fig. lOb). Crystalline 

structures within the inclusions were rare. The digestive capacity of 

the cells varied and many cells appeared to be metabolically inert, a1-

though the contained numerous partly digested inclusions. Such cells 

probably underwent cytolysis with release of their cell contents into 

the extracellular space. These particles were then rephagocytosed by 

other cells. 

It has been stated that the degradation of red cells in vivo 

occurs entirely within the cytoplasm of mononuclear phagocytic cells, 

following engulfment of the whole red cel1398• This was shown to be 

true for the physiological removal of senescent red cells from the 

circulation by spleen macrophages398 and for the removal of red cells 

from experimentally-induced blood deposits in the bronchial tree lO),
10

4. 

However, within the vitreous, in addition to the usual process of macro-

phage erythrophagocytosis, considerable extracellular lysis of red cells 

was observed (see Chapter 13). Such haemolysis began before the onset 

of cellular invasion, as shown by changes in electron density of the 

red cells and vacuole formation (Fig. 14.1a). Similar electron micro-
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scopic observations of extracellular red cell lysis were noted in 

peritoneal blood clots135• 

The formation of multinucleate giant cells during the inflam-

matory response to vitreous blood is interesting for several reasons. 

Recent studies have suggested that the phagocytic ability of cell 

populations containing giant cells is lower than similar pure mono­

nuclear cell populations385• Both the surface morphology and the 

ultrastructure of vitreous macrophages would support this concept, 

since their appearances were similar to other poorly phagocytic macro-

phages ani giant cells15 ,8O,385. In aidition, the formation of multi-

nucleate giant cells appeared to occur by the fusion of young cells to 

older mature macrophages (Fig. lla,b). Support for this proposed 

mechanism of giant cell formation comes from the recent kinetic studies 

of Chambers19• Although macrophages and giant cells in inflammatory 

exudates are derived from precursors in the marrow386 ,511, it has been 

suggested that the formation of one cell type is exclusive of the other386• 

It would therefore appear that not only is the cell response to blood in 

the vitreous atypical in terms of cell type and cell numbers, but the 

preferential formation of multinucleate giant cells and the appearances 

of the macrophages suggests that those cells which were engaged in 

vitreous red cell breakdown had impaired phagocytic ability. 

There are several possible reasons for this unusual cell response 

to vitreous blood. During experiments on the mononuclear cell response 

to blood clots in the skin, Ghani175 observed a similar pattern of cell 

activity, with the formation of large macrophages, epithelioid cells and 

giant cells, when the clot was sequestered in a millipore chamber. Thus, 

an artificial barrier to the invasion of inflammatory cells, but not to 

solutes or nutrients was created. A similar situation may obtain 

naturally in the vitreous where components of the connective tissue 
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matrix may provide a barrier to the ingress of cells. Thus, the 

high content of polydisperse hyaluronic acid in the vitreous may 

inhibit inflammatory cell movement in vivo, as it has been shown 

to do in vitro24 (Forrester and Wilkinson, experiments in progress). 

It is well established that modifications of the inflammatory 

process occur in various specialised tissues54l• The present in-

vestigation of the cell response to vitreous clots provides a further 

example of this altered response and raises a number of interesting 

questions conce~ing the role of connective tissue components in the 

evolution of the inflammatory response. 

CONCLUSION 

This study of the inflammatory response to vitreous blood 

deposits has confirmed previous investigations which showed that 

the cell response was slow to develop, was predominantly mononuclear, 

and remained low-grade. The formation of large aggregates of giant 

macrophagea and multinucleate cells was also observed. It is sug-

gested that tte atypical cell response to blood in the vitreous may 

be due to the unique nature of the vitreous as a connective tissue, 

particularly to its high content of hyaluronic acid, which has been 

shown to inhibit inflammatory cell activity in vitro. 

In addition, the scanty cellular response to blood in the 

vitreous may be a contributory factor to the delayed resolution of 

intravitreal haemorrhages. 
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CHAPrER 15 

TiffiRAPEUTIC CONSIDERATIONS IN VITREOUS HAEMORRHAGE 
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INTROOOCTION 

Since vitreous haemorrhage was first recognised as a cause of 

blindness, its treatment has proved difficult. Spontaneously re-

solving small vitreous haemorrhages usually require no intervention. 

On the other hand, the problem of the dense and persistent vitreous 

clot has brought forth a multitude of clinical and experimental 

methods designed to promote its reabsorption. Indeed, Jaffe231 

pointed out that the wide variety of treatments for this condition 

attested to the inefficacy of most of them. Until recently, the 

common a~proach to vitreous haemorrhage was conservative, and only 

in rare cases was any surgical intervention, such as cryotherapy or 

vitreous aspiration, contemplated. Consequently, numerous patients 

~ere permanently blinded by this condition. However, the explosion 

of interest in surgical techniques of vitreous removal and replacement 

has altered radically the approach to the patient with a vitreous clot. 

The purpose of this chapter is to view the basic pathophysio­

logical atudies described in the previous chapters against the back-

rround of current trends in therapy. Three therapeutic approaches to 

vitreous haemorrhage have been adopted which involve the use of surgical, 

biophysical or clot-lysing techniques. 

SURGICAL TECHNI~UES 

A surgical approach to opaque vitreous is not a new concept. Von 

Graefe 527 was the first to report on the surgical dissection of vitreous 

"membranes" and later, Ford142 aspirated opaque vitreous. Ford's lead 

formed the basis of surgical intervention for more than half a century, 

with only minor modifications51 ,519,580 , particularly in relation to 
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replacement of the opaque vitreous110 • Their failure to· gain universal 

support was a reflection of the high inciience of complications and 

generally unfavourable results. Following the introduction of 

the operating microscope and intensive research during the 1950s and 

1960s, pars plana vitrecto~ became a practical procedure. This 

operation utilises a custom-built instrument, the vitreous infusion 

suction cutter (VISe) which requires the use of an operating micro-

scope and corneal contact lens for vitreous surgery. Subsequently, 

a large number of vitrecto~ instruments have been designed122,156,256, 

269,301,375,393,511 and numerous papers, notably from the U.S.A. on the 

indications, complications, techniques and other aspects of vitreous 

surgery have appeared. From the beginning, it has been shown that 

simple vitreous haemorrhage is a firm indication for vitreous surgery. 

Machemer and Norten302 reported that eighteen of twenty cases of simple 

vitreous haemorrhage gained some degree of visual improvement after 

vitrectomy. Follow-up of these cases ranged from one to twelve 

months. Diabetic vitreous haemorrhages with extensive proliferative 

retinopathy did less well, visual improvement occurring in sixteen of 

twenty-three cases (eighty per cent), while the presence of retinal 

detachment militated against successful surgery (two of eight cases). 

Similar findines were reported by Mandelcorn et a1309 , who claimed a 

seventy-one per cent success rate for simple vitreous haemorrhage, but 

only a thirty-one per cent rate of improved vision in complicated 

vitreous haemorrhage. Peyman et a1394 reported an overall improvement 

in vision in sixty-eight per cent of cases with forty-five per cent 

gaining a vision of 20/300 or better. A more recent study by this 

group395 reported similar figures of sixty-six per cent improvement 

for cases of simple vitreous haemorrhage and forty-two per cent for 

cases of vitreous haemorrhages complicated by retinal detachment. 
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A further large series was reported by Michels et a1 332 with an 

overall success of sixty-five per cent, although a different method 

of visual acuity standardisation was used. 

It is clear that a majority of patients with uncomplicated, 

non-resolving vitreous haemorrhage can expect some degree of visual 

recovery from this form of surgery. However, numerous complications 

associated with vitrectomY have become apparent following the publi­

cation of these series302 ,309,332,295. Complications may be either 

intraoperative or post-operative (Table AI). The inciience of major 

complications such as phthisis bulbi and rubeosis iridis varies from 

sixteen to twenty-five per cent. The risk of worsening the visual 

- - ------... 

status has been emphasised by other groups, particularly among diabetics 

with proliferative retinopathy314,512• It is apparent, therefore, 

that while this form of treatment can afford enormous benefit to the 

patient, it is not to be embarked upon lightly. 

BIOPHYSICAL TECHNIQUES 

A number of physical modalities have been applied to the 

treatment of vitreous haemorrhage. These include.diathermY. cryo-

therapy, photocoagulation and ultrasound. 

Diathermy was first used to treat clinical vitreous haemor-

rhage in 1954153• Forgacs163 later described an experimental 

study of rabbit vitreous haemorrhage, in which a faster rate of 

clot removal was observed in eyes treated with diathermY than in 

untreated control eyes. The significance of these results is, how-

ever, in some doubt, since only three rabbits were studied in each 

group at two different time periods after treatment (15 days and 

120 days), and no account was taken of the considerable interanimal 
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variation in physiological clearance rates of vitreous clots (see 

Chapter 7). The necessity for including this variable in studies 

of vitreous haemorrhage has been emphasised by Jaffe237 • In spite 

of this, diathermy has been used widely, particularly by European 

221 b t . t I' t . surgeons u 1 s va ue 1S uncer a1n. 

More popular, however, is the use of cryotherapy in the treat­

ment of vitreous haemorrhage248,430,445,508. Ricci et al430 found a 

beneficial effect in forty-one per cent of cases of vitreous haemor­

rhages, but Rousselie445 suggested that it was useful only in cases 

that were already clearing. 424 Regnault advocated that cryotherapy 

should be used as a first approach and, if it failed, was to be 

followed by simple aspiration of the vitreous, and then as a last 

resort total vitreous removal by vitrecto~. 

Baum39 suggested the use of ultrasound in the treatment of 

vitreous haemorrhage, since it was found that this form of energy 

could cause dispersal of vitreous opacities. Difficulties were 

experienced in concentrating the sound waves on the vitreous 

opacities without causing damage to surrounding ocular structures. 

filore recent experimental work, however, with focussed transducers 

has been encouraging99 , and it is likely that clinical trials will 

soon commence (Coleman, personal communication). 

High energy laser beams have also been used to clear vitreous 

blood. Daily administration of xenon photocoagulation for ten days 

was reported to.hasten the resorption of rabbit vitreous clots, but 

the study contained insufficient data on the behaviour of control 

vitreous Clots46 • 

It is possible that the above physical methods have a potential 

use in the management of vitreous haemorrhage, since they induce focal 

tissue damage anj will thus elicit an inflammatory response. The 
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studies described in Chapters12 and 14 suggest that the low-grade 

inflarr.matory response to vitreous blood m~ be a contributory 

factor to the delayed resolution of vitreous haemorrhage and thus 

methods of augmenting this response may enhance reabsorption of 

the vitreous clot. However, clinical studies have failed to 

provide good evidence of the value of these methods; it m~ be 

that a mucn greater inflammatory response is required, but this 

would introduce major risks to the eye itself. 

Finally, a report of the value of the r~perosmotic agent, 

mannito157 , in the clearance of experimental vitreous haemorrhage 

has remained unconfirmed. It has been suggested that such agents 

may promote reabsorption of vitreous clots through an increase in 

aqueous flow by an as yet undetermined mechanism (ref. 237). 

CLOT-LYSI~G AND ENZY¥~TIC TECHNIQUES 

The use of clot-lysing and enzymatic techniques has been con-

fined mainly to experimental studies. Several substances have been 

tested, including agents promoting liquefaction of the vitreous gel, 

agents which cause lysis of the blood clot, and a miscellaneous group 

of substances directed at other aspects of vitreous haemorrhage ab-

sorption (Table A2). The most effective agent within this group was 

streptokinase-streptodornase458, but the enzyme w~s found to cause 

cataracts and ocular inflammation (uveitis) as had been observed by 

, 1 t' 62, 193 others uSlng ess pure pre para lons • Streptokinase has been 

used clinically to clear blood clots from the anterior chamber of the 

eye (hyphaema) but its use was discontinued due to its high toxicity 

154,376 
• It was suggested that the marked uveitis which~occurred in 

the human eye after streptokinase injection was the result of the 
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strongly antigenic nature of this bacterial protein. A similar 

fibrinolytic agent, urokinase, which is non-antigenic in man was 

found to be highly effective in the treatment of traumatic hyphaemata 

and had no significant toxic ocular effects399 ,4l3 (the nature and 

mode of action of urokinase are described in Chapter 5). More 

recently, urokinase has been applied to the treatment of persistent 

't h h 'h The ;nl't1'al favourable results123 ,152,558 Vl reous aemorr age ln umans. ~ 

contrasted with similar studies which suggested that urokinase was of 

little benefit in the treatment of human vitreous clots9l ,2l9. A 

later study by Chapman-Smith and Crock84 reported that urokinase 

caused subjective and/or objective improvement in vision in nineteen 

of twenty-seven patients. These authors advocated the use of urokinase 

as a first line of attack in persistent vitreous haemorrhage, with 

vitreous surgery reserved for those who fail to respond. 

Since the failure of vitreous clots to resolve naturally may be 

partly due to low levels of fibrinolytic activity wit~in the vitreous 

(see Chapters 1,8,9), the use of urokinase in this condition would 

appear to have a rational basis. Although Koziol et a1268 found that 

urokinase was ineffective in clearing experimental vitreous clots in 

monkeys, recent experiments in rabbits have shown that a significantly 

more rayid rate of vitreous clot lysis occurred in eyes treated with 

intravitreal urokinase than in saline-treated control eyes or in eyes 

in which uveitis was induced by non-fibrinolytic agents l48• The 

effect of urokinase on rabbit vitreous clots was associated with high 

fibrinolytic activity and was dose-dependent, suggesting that there 

was a critical level of fibrinolytic activity, below which clot lysis 

failed to occur. 

The mode of action of urokinase in clearing human vitreous 

haemorrhage is less clear. Recent editorial comment emphasised that 
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fibrin has not been detected in human vitreous haemorrhage and thus 

urokinase is unlikely to act as a fibrinolytic enzyme in this 

situation l2~. On the contrary, electron microscopical studies 

have shown that fibrin does occur, at least within recent human 

vitreous haemorrhages577(Forrester, unpublished observation). Con-

sequently, a substrate for plasmin-mediated fibrinolysis via uro-

kinase may be present in fresh vitreous clots. Urokinase has, 

however, proved of value in cases where the vitreous opacity was 

present for over four years84 ,152 and it is difficult to conceive of 

fibrin remaining unaltered in the vitreous for this length of time. 

The lack of suitable human pathological material for study must leave 

this question unanswered. 

The role of urokinase in promoting clearance of red cells and in 

the dissolution of fine collagenous membranes with vitreous clots is 

also difficult to explain. Plasmin-mediated chemotaxis and the 

resulting inflammatory response (see Chapter 9) may be important during 

this phase of resolution, since inflammatory cells are known to secrete 

haemolysins and collagenase (see Chapter 14). Patients treated with 

intravitreal urokinase frequently develop a marked uveitic response 84 ,152 

and it is likely that this inflammatory reaction influences the clearance 

of the vitreous opacity. A determining factor, therefore, in the 

response to urokinase is the extent to which vitreous membranes develop 

after clot formation (see Chapters 12,13). The use of ultrasound in 

the selection of cases for treatment increases the rate of success84 • 

Complications which may arise from the use of urokinase in 

vitreous haemorrhage include a sixty-seven per cent incidence of 

hypopyon uveitis which is transitory, and a twelve per cent incidence 

of cataract84 ,152• In their series of thirty-four treated eyes, 
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Chapman-Smith and Crock observed a worsening of the visual status 

in three cases. 

CONCLUSION 

Current methods of treatment now offer a measure of hope to 

the patient blinded by a non-resolving vitreous haemorrhage. The 

place of vitreous surgery in the treatment of simple vitreous haemor­

rhage seems well established, but this must be offset by the considerable 

risk of surgical complications. The value of urokinase therapy has not 

been critically tested by controlled clinical trial. Nevertheless, 

there is increasing evidence of its efficacy when used in open trial 

conditions, and current opinion supports the view that it can be 

effective in the treatment of vitreous haemorrhagel30 • For the 

future, urokinase merits further evaluation in appropriately selected 

patients under rigorous screening procedures. 



TABLE 15.2 

CLOT-LYSING AND ENZYNillTIC AGENTS USED 

IN TREATMElJT OF EXPERIMENTAL VITREOUS HAEKORRHAGE 

VITREOUS GEL LI~UEFACTION 

Collagenase 

hyaluronidase 

trypsin 

0<... -chymotrypsin 

CLOT-LYSING AGENTS 

Streptokinase-streptodornase 

fibrinolysin 

urea 

MISCELLANEOUS 

Saponin 

phenyl-hydrazine 

thyroxine 

deferoxamine 

REFERENCE 

62 

62,193,458,529 

62,8),351 

388,451 

62,300,458 

351 

62 

62 

62 

529 

565 



TABLE 15.1 

CO~~LICATIONS OF VITREOUS SURGERY 

INTRAOPERATIVE COMPLICATIONS 

Ciliary body laceration 

lens damage ) 

corneal lesion in aphakie eyes l 
uncontrollable intraocular haemorrhage) 

retinal tears or dialYSeS~ 
vitreous incarceration ~ 

POSTOPERATIVE COMPLICATIONS 

retinal traction from sclerotomy 

fibrous/fibrovascular ingrowth from sclerotomy 

endophthalmitis 

phthisis bulbi 

elevated intraocular pressure 

rubeosis iridis 

major intraocular haemorrhage 

recurrent small haemorrhages 

persistent corneal oedema 

) 
) 
) 

1 
) 

l 
) 

~ 
cystoid macular oedema and macular pucker) 

hypotony ~, 

---------~----~--- --~~- -

REFERENCE 

498 

302,309 

332,395 

302,309,332,395,498 

499 

498 

410,499 

302,309,332,395 
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