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Rhegmatogenous retinal detachment 

Rhegmatogenous retinal detachment (RRD) refers to detachment as a result of one 
or more breaks in the retina (rhegma means break in Greek). In general, it is an 
ophthalmologic urgency that leads to blindness of the affected eye if left untreated, 
since most detachments eventually involve the entire retina. Three distinct sequen-
tial stages can be distinguished in the development of a rhegmatogenous retinal 
detachment. First, a posterior vitreous detachment (PVD) develops due to an age-
dependent liquefaction of the vitreous. This phenomenon is rarely seen in patients 
younger than 50 years of age but increases considerably thereafter, eventually hav-
ing occurred in almost two-third of patients who are in their 8th decade of life.1 It 
develops earlier and more often in myopic patients, which makes them more prone 
to develop RRD.2 Second, a PVD may cause retinal breaks as a result of traction in 
areas of strong vitreoretinal adhesions, typically in the far periphery of the retina. 
Third, these retinal breaks provide the liquefied vitreous fluid access into the poten-
tial subretinal space, i.e. between the photoreceptor layer of the neuroretina and 
the retinal pigment epithelium (RPE). Normally, the retina is maintained in its at-
tached position by an outward movement of fluid across the RPE into the choroid. If 
the RPE pump is overwhelmed by fluid passing through one or more retinal breaks, 
a RRD develops. 

Incidence 

Although PVD is very common in the elderly population and retinal breaks can be 
found in up to 15% of patients,1–4 the occurrence of RRD is quite rare. Many studies 
have been conducted on this topic in the past decades. The annual incidence of 
primary RRD was reported to be between 8 and 14 per 100.000 persons, with a 
peak incidence in the 7th decade of life.5–8 In a very recent prospective study on 
primary RRD, the authors found an annual incidence of 12.05 per 100.000 persons.9 
If patients with previous cataract surgery, a common risk factor for RRD, were also 
included, the incidence tended to increase to about 18 per 100.000 persons.9 Inter-
estingly, at the Annual Meeting of the Dutch Ophthalmologic Society, the annual 
incidence in the Netherlands was reported to approach 20 cases per 100.000 per-
sons.10 These data implicate that, with a growing number of cataract procedures in 
a continuously aging population, the incidence and the number of primary RRD 
cases will keep on increasing, and so will the complications of RRD surgery. 
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Risk factors for retinal detachment 

Besides cataract surgery and myopia, several other risk factors for the development 
of RRD are known including trauma, a positive family history of RRD, inflammatory 
eye disease, and RRD in the fellow eye.11,12 Moreover, men were found to be at 
higher risk for developing RRD than women,13–16 even after having corrected for 
trauma and previous cataract surgery.9 It was suggested that men tend to underre-
port minor trauma that may have contributed to the risk of RRD, although an inher-
ent difference in sex risk may also not be excluded. There are also few reports 
showing that women are more prone to RRD in a phakic, nontraumatic cohort of 
patients.6,17 Socio-economic status is known to be an important determinant of the 
risk of blindness.18,19 Retinal detachment, however, appeared to be associated with 
affluence.20 A sound explanation for this association was not found. Although cata-
ract surgery and myopia are associated with higher income and socio-economic 
status,21–23 no more pseudophakic detachments or no higher prevalence of myopia 
were reported in the most affluent group. A higher risk of retinal detachment could 
also not be explained by a greater life expectancy in this group of patients. Reti-
nopathy of prematurity and Stickler syndrome are also associated with an increased 
risk of retinal detachment. 

Treatment 

Since most retinal breaks occur in the far periphery of the retina, the detachment 
often causes loss of peripheral vision in the first place. Because the detachment may 
extend towards the macular region and thus may jeopardize central vision, treat-
ment should in general be started within days in recent-onset cases.24 On the other 
hand, in patients with macular-off retinal detachments, the surgical procedure 
should preferably be performed within one week after the onset of macular in-
volvement,25,26 suggesting that in this population surgical repair is a less urgent 
procedure. These recommendations appear to be in contrast with experimental 
models showing that within 24 hours after detachment many biological alterations 
unfold in all retinal layers.27 In longstanding detachments of several weeks, surgical 
repair becomes subject to an elective procedure. In a recent study on treatment 
delay in retinal detachment, it was demonstrated that the patients’ unawareness 
and unfamiliarity with its symptoms are far more important than delay associated 
with referral and scheduling of the operating procedure.28 

If one or more retinal breaks are detected without the occurrence of a detach-
ment, they can be treated with cryotherapy or laser therapy. These interventions 
aim at the creation of scar tissue that seals the retinal break, thereby preventing the 
passage of liquefied vitreous into the subretinal space. If the neuroretina is de-
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tached from its underlying layers, reattachment surgery is inevitable. Three surgical 
methods can be distinguished: pneumatic retinopexy, scleral buckling surgery, and 
vitrectomy. 

Pneumatic retinopexy is only performed in patients with local detachments. 
Retinal breaks are closed by the intravitreal injection of gas allowing the RPE pump 
to reattach the retina. Subsequently laser or cryotherapy is applied. Although this 
procedure has some advantages over the others (less invasive, less complications, 
avoidance of refractive errors), pneumatic retinopexy is rather impractical. Retinal 
breaks must be located in the superior parts of the fundus, since proper head posi-
tioning – during several days – must allow the gas bubble to close the break. More-
over, anatomic success rates are fairly low (~70%),29,30 frequently necessitating 
additional interventions. On the other hand, a failed pneumatic retinopexy does not 
preclude high success rates following subsequent surgery.29,30 

Scleral buckling surgery is often used for retinal detachments without compli-
cating factors. The goal of this extraocular approach is to bring the underlying RPE, 
choroid, and sclera back in contact with the detached retina. During this procedure, 
silicone sponges are stitched on the external sclera in order to close the retinal 
break(s). An encircling band may also be applied to relieve traction at the level of 
the vitreous base, where vitreoretinal adhesions are strongest. To further enhance 
the apposition of the detached retina, subretinal fluid drainage may be performed. 
The use of intraoperative gas may also be helpful in case the breaks are located in 
the superior quadrants. Permanent closure of the retinal defects is achieved by 
cryotherapy or photocoagulation. Complications associated with scleral buckling 
surgery are diplopia, perforation of the sclera, and infection and extrusion of the 
buckle, among others.31,32 

Vitrectomy is an intraocular procedure that involves the removal of some or all 
of the vitreous in order to relieve traction on the retina. Small instruments are in-
serted into the eye which allows cutting of the vitreous gel, removal of scar tissue, 
and the injection of gas to close the retinal break(s). In cases of complicated retinal 
detachments, the retina may be flattened by silicone oil which often needs to be 
removed after several months in a subsequent surgical procedure. The most com-
mon postoperative complication is cataract formation in phakic eyes, which devel-
ops within several years in the vast majority of patients older than 50 years of age.33 
Posturing after vitrectomy with gas injection for retinal detachment remains a con-
troversial issue. Randomized controlled trials showing that posturing improves ana-
tomical or visual outcome after vitrectomy are currently lacking. Recently, avoid-
ance of sudden head movements has been suggested to be much more important 
than restrictive posturing after vitrectomy.34 
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Comparison of procedures 

Randomized controlled trials comparing pneumatic retinopexy, scleral buckling 
surgery, or vitrectomy are scarce. Since primary retinal detachments vary from 
relatively uncomplicated cases with only a local detachment to total detachments 
with severe scarring of the retina, vitreoretinal surgeons commonly tend to choose 
the surgical method according to the expected level of difficulty. Pneumatic 
retinopexy and scleral buckling surgery are the most popular surgical methods in 
relatively easy cases, whereas more complicated cases are most commonly treated 
by vitrectomy. However, in the middle of this spectrum of relatively easy and very 
complicated cases there is a large group of patients with retinal detachments of 
intermediate severity. The selection of one particular surgical procedure in this 
category of patients is still a matter of ongoing debate. In trials that have investi-
gated pseudophakic eyes, no significant differences in anatomical and visual out-
come were detected in one study between both surgical methods,35 whereas either 
the single-operation success rate36 or visual outcome37 was better in vitrectomized 
eyes as compared with buckling eyes in other studies. Data from recent case series 
however show a clear preference for vitrectomy in pseudophakic retinal detach-
ments.38–41 A multicenter randomized controlled trial involving phakic eyes with 
primary RRD has shown similar results for single-operation success rates (64%) as 
well as for final reattachment rates (97%) between conventional surgery and vitrec-
tomy.41 Although a clear advantage of vitrectomy over scleral buckling surgery has 
never been proven, and the latter remains a good choice for less severe retinal 
detachments, a shift towards vitrectomy has been observed in several countries 
including the Netherlands. The influence of the development of more refined in-
strumentation – such as 25G vitrectomy – on anatomic and functional outcome 
after retinal detachment must be evaluated in future trials. 

Functional recovery 

The degree of functional recovery after retinal detachment surgery is strongly asso-
ciated with preoperative involvement of the macula. To illustrate, visual acuity was 
reported to be 0.5 or better in 78% of retinal detachments with a spared macula as 
compared with only 28% of eyes in macular-off detachments in a study in which 
scleral buckling surgery was the initial reattachment strategy.42 Other risk factors 
that have been shown to negatively influence visual outcome are the duration of 
macular detachment25,26 as well as the extent of macular elevation as shown in 
postoperative assessments using optical coherence tomography.43,44 Patients with-
out macular involvement generally have a good visual prognosis, although in 10 – 
15% of cases postoperative visual acuity does not return to the preoperative level.24 
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Failure of reattachment surgery 

Recurrent detachment after primary retinal detachment repair is one of the most 
challenging complications even though final reattachment rates are often >95% 
after one or more reoperations (vitrectomies only). The majority of redetachments 
occur within 3 – 6 months after initial reattachment surgery. In a cohort of patients 
with a recurrent detachment, it was demonstrated that a substantial number of 
patients (19%) still developed a redetachment after 12 months following scleral 
buckling surgery for primary retinal detachment.45 Proliferative vitreoretinopathy 
(PVR) is still the primary cause of failure of reattachment surgery, despite advances 
in surgical techniques in the past decades. Although new breaks or missed breaks 
are also a frequent cause of recurrent detachment, the remainder of this chapter 
will solely focus on the classification, clinical factors, pathogenesis, and treatment of 
PVR. 

Proliferative vitreoretinopathy 

Proliferative vitreoretinopathy is characterized by the development of contractile 
membranes that prevent the attachment of the neuroretina to the RPE. PVR is the 
latest in a series of terms that describes the fibrocellular cascade that takes place on 
both surfaces of the detached retina. It was initially thought that the formation of 
these membranes originated within the vitreous. Hence, this condition was referred 
to as massive vitreous retraction (MVR) or massive preretinal retraction (MPR).46 
Later on, after the introduction of vitrectomy, the term massive periretinal prolif-
eration (MPP) was used as it became clear that PVR was mainly a process of peri-
retinal cellular proliferation.47 This term was subsequently changed to PVR by the 
Retina Society Terminology Committee in 1983 in an attempt to facilitate the com-
munication between retinal surgeons and within the scientific community.48 In this 
classification, four stages of increasing severity are distinguished: vitreous haze and 
pigment clumps (PVR A); wrinkling of the retina and retinal stiffness (PVR B); fixed 
retinal folds (PVR C); and a funnel-shaped retinal detachment (PVR D). This classifi-
cation has been further revised and updated by the Silicone Study Group, which 
resulted in subdivisions into anterior and posterior PVR and the identification of 
focal, diffuse, or subretinal proliferation.49,50 Although both classifications have 
certainly enhanced the communication in the literature, they are basically anatomic 
and do not address the biological activity of the PVR process. Furthermore, clinically 
important risk factors for the development or progression of PVR are not recorded. 
Ironically, the 1991 classification has nowadays been neglected by a majority of 
vitreoretinal surgeons. 
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Incidence of PVR 

The incidence of postoperative PVR has been reported to be between 5 – 10% in 
several reviews and papers but, without exception, references to the original arti-
cles are lacking.48,51–55 In studies comparing conventional scleral buckling surgery 
with vitrectomy, postoperative PVR rates vary considerably, ranging between 0 – 
29.3% after the former procedure and between 3.4% - 35.4% after the latter proce-
dure.35–37,56–59 Recently, a prospective randomized multicenter trial showed postop-
erative PVR rates of 12.4% in the scleral buckling group and 16.4% in the vitrectomy 
group in the phakic subtrial, whereas in the pseudophakic/aphakic subtrial rates 
were somewhat higher in the scleral buckling group (22.6%) as compared with the 
vitrectomy group (15.2%).41 According to these numbers, an incidence of 5 – 10% as 
stated earlier appears to be an underestimation, and an incidence of postoperative 
PVR between 10 – 20% seems to be more reflective of its occurrence in everyday 
clinical practice. Also, preoperative PVR rates differ markedly between studies on 
retinal detachment surgery, ranging from almost no cases of preoperative PVR to an 
incidence of 100%.35,60–64 These apparently contradictory findings may be mostly 
due to differences in the definition of PVR, inclusion criteria, baseline characteristics 
of the study population, and study design. For example, well-controlled prospective 
studies tend to report considerably higher rates of both preoperative and postop-
erative PVR than retrospective studies.35,37,65,66 

Risk factors for PVR 

The identification of risk factors for the development of PVR may be useful for the 
selection of the appropriate surgical procedure after retinal detachment. Moreover, 
potentially toxic adjunct treatments could be targeted solely at patients at greatest 
risk. Many studies have investigated and identified a wide range of clinical risk fac-
tors for PVR. Among these are vitreous hemorrhage,60,62,67 aphakia,62,66 giant tears 
or large retinal breaks,62,67,68 use of cryopexy,68–70 preoperative and postoperative 
choroidal detachment,67,69 size of detachment,60,66,67,71 duration of detach-
ment,60,62,71 young age,71 use of vitrectomy,69 use of silicone oil,66,72,76 use of air 
tamponade,67,74 signs of uveitis,67 preoperative visual acuity,60 and preoperative 
PVR.66–70 At least some of the findings presented in these studies appear to be con-
tradictory and inconclusive, and therefore their significance in everyday clinical 
practice and their contributions to PVR pathogenesis are difficult to assess. For 
example, some authors have found the use of silicone oil to be a risk factor for 
PVR,66,72,76 whereas others report no higher risk.67 The same yields for the use of air 
tamponade, that is associated with low risk of developing PVR in some studies74,75 
and with high risk in others.67,76 Also, the preoperative presence of uveitis seems to 
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be a plausible risk factor, since PVR is characterized by an exaggerated inflammatory 
response that is part of an anomalous wound healing reaction. However, Kon et al.66 
did not find an increased risk in patients with preoperative uveitis. Interestingly, a 
study by Girard and colleagues67 showed preoperative PVR grade A, and, to a lesser 
extent, PVR grade B predictive of postoperative PVR, whereas PVR grade C1 was 
not. The authors hypothesized that PVR grade A represents an immature form of 
the disease with potential to go worse easily, whereas PVR grade C1 may represent 
a spontaneously arrested end-stage of the disease in some cases. In the same study, 
the amount of vitreous hemorrhage also had predictive value. In contrast to major 
hemorrhages occurring during or after surgery, only minor hemorrhages were asso-
ciated with a higher prevalence of postoperative PVR.67 As with the incidence of 
PVR, it seems that all these clinical risk factor studies add more controversy to this 
challenging and complex eye disease. 

Divergent risk factors have also been proposed for preoperative PVR and post-
operative PVR,52 but – as is true for the contradictory results in the abovementioned 
studies – these discrepancies may be merely a result of differences between studies 
with respect to baseline characteristics, the number and choice of clinical risk fac-
tors studied, the study design and method of statistical analysis, and again, the 
definition of PVR. Of note, some risk factors for postoperative PVR may only be a 
marker with a strong association with a true risk factor. To illustrate, preoperative 
visual acuity may be an indirect risk factor for PVR because of its correlation with 
the extent and/or duration of retinal detachment. 

One study determined the accuracy of a predictive risk formula for the devel-
opment of PVR based on a combination of clinical parameters. Using this formula, 
9.2% of predetermined low risk patients and 28% of high risk patients developed 
postoperative PVR.77 Even though this difference was highly statistically significant 
(P < 0.001), it is questionable whether this formula is valuable in everyday clinical 
practice. The associations that were found between a particular set of clinical pa-
rameters and postoperative PVR were too weak to predict an unfavorable outcome 
with high sensitivity and specificity. It seems that clinical variables do not com-
pletely explain the probability of PVR onset, suggesting that other, perhaps more 
objective parameters are needed. 

Limb and Chignell78 found vitreous levels of intercellular adhesion molecule 
(ICAM)-1 to be significantly higher in patients at high risk of developing PVR as com-
pared with those at low risk. The same holds for interleukin (IL)-6 and protein level 
in vitreous fluid, which were shown to be independent predictive risk factors for 
postoperative PVR in a large prospective study on vitrectomized eyes.79 Despite 
considerable overlap in cytokine levels between individuals of different risk groups, 
further research regarding the development of laboratory tests to identify high risk 
patients is warranted. 
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The lack of accuracy of clinical risk factors for postoperative PVR may also be attri-
buted to genetic differences between individuals. The potential contribution of a 
genetic component to PVR has however been neglected for many years. Cytokines 
play an important role in PVR pathogenesis, and genetic polymorphisms of some of 
these have recently been suggested to be contributing factors.55,80 

Pathogenesis of PVR 

After any tissue injury, an orderly but complex series of cellular and biochemical 
events takes place leading to regeneration of damaged tissue and wound repair.81 
The formation of PVR membranes can be considered the resultant of an excessive 
wound healing response following retinal detachment. It has been suggested that 
the development of contractile PVR membranes parallels the three-phase cascade 
in wound repair, i.e. coagulation and inflammation, proliferation, and remodelling 
of scar tissue.52 This fierce reaction, which occurs more often on the inner surface of 
the retina (epiretinal membranes) than on the outer surface of the retina (subreti-
nal membranes),82 is however undesired, since contraction of this fibrotic tissue 
leads to tractional retinal detachment with often a poor visual prognosis. 

The identification of a key event that determines an unfavourable outcome in a 
minority of patients after retinal detachment has been the primary goal in PVR re-
search. The triggering event has been suggested to be the breakdown of the blood-
retinal barrier or the presence of a retinal break.51,83,84 These events may elicit an 
inflammatory response and lead to biochemical changes in the intraocular environ-
ment. Nevertheless, they do not appear to be crucial in the development of PVR. 
Blood-retinal barrier breakdown is also observed in many other intraocular condi-
tions in which PVR is not a common complication and the occurrence of a retinal 
break is a constant in all patients with rhegmatogenous retinal detachment. On the 
other hand, the absence of PVR in exudative retinal detachment suggests that a 
retinal break is a precondition for progression of the disease, implicating that an-
other – yet undetermined – event following retinal injury may trigger a fibrosis cas-
cade. Whatever the exact cause may be, it has generally been accepted that PVR is a 
cell-mediated process in which a multitude of cytokines and growth factors mediate 
the events that lead to tractional retinal detachment. These events include attach-
ment, migration, proliferation, and dedifferentiation of cells, deposition of extracel-
lular matrix, and membrane contraction. 
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Cell types in PVR 

The dedifferentiation of several cell types after retinal detachment is a very com-
mon phenomenon and has some important implications for the identification of 
cells involved in the disease process. As a consequence of the displacement of cells 
from their normal microenvironment and the ensuing phenotypic changes, the 
identification of cells based on ultrastructural criteria is not always reliable.85,86 
These observations are supported by results from immunohistochemical studies 
that significantly differed from those using ultrastructural criteria.87–89 Even the 
integration of ultrastructural and immunohistochemical data may yield inconclusive 
results, since an abundance of transitional cell types with very dedifferentiated 
phenotypes were observed in epiretinal membranes from various ocular condi-
tions.90 The origin of cell types involved in the pathogenesis of PVR has mainly been 
retrieved from PVR membrane studies. Since vitrectomy allowed the removal of 
these specimens, a variety of cells has been identified, including RPE cells, glial cells, 
fibroblasts or fibroblast-like cells, and inflammatory cells. 

RPE cells are pluripotent cells which express many proteins that are characteris-
tic of other cell types. They have been attributed a very important role in the patho-
genesis of PVR because of their uniform presence in contractile membranes.88,91–95 
Animal studies have demonstrated that RPE cells already 24 hours after experimen-
tal retinal detachment start migrating and proliferating.96 These changes have been 
suggested to result from loss of signalling from or loss of contact with photorecep-
tor cells,97 or even loss of contact between RPE cells.98,99 The reason for this prolif-
erative process may be an attempt to replace damaged retina, as is seen in am-
phibians.100 RPE cells may also undergo morphologic changes and take on the shape 
of macrophage-like or fibroblast-like cells.101 They may even synthesize collagen,102 
promote extracellular matrix contraction,103 and express alpha-smooth muscle ac-
tin,104 thereby adopting myofibroblast-like characteristics. 

Glial cells play a pivotal role in reparative processes in the brain and retina and 
may therefore be an important cell type in the pathogenesis of PVR.105 Glial cells 
have frequently been identified in PVR membranes87,89,95 and may also undergo 
migration, proliferation, and dedifferentiation after retinal detachment.106–109 Find-
ings of a immunohistochemical study suggest that glial cells do not contribute sig-
nificantly to the contractile forces generated by epiretinal membranes, since purely 
glial membranes were not associated with detachment.89 Therefore, other cell types 
have been suggested to be responsible for the tractional properties seen in PVR 
membranes. 

Among the other cellular constituents of PVR membranes are fibroblasts or 
myofibroblasts.88,91–93,110 The latter are cells with contractile properties that seem 
crucial in the contraction of mature PVR membranes.111 Based on morphologic crite-
ria, these have been shown to be the predominant cell types in some studies.88,93 
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Since it is these fibroblast-like cells that often do not stain for typical RPE cell and 
glial cell markers, i.e. cytokeratin and glial fibrillary acidic protein, their derivation 
remains obscure. They may originate from vascular epithelial cells, hyalocytes, glial 
cells, or RPE cells.47,88,92,93 Also fibrocytes have recently been argued to function as 
precursors of myofibroblasts.112 These are circulating cells that traffic to sites of 
injury, differentiate into myofibroblasts, and contribute to wound healing and fibro-
sis. 

Inflammatory cells are a consistent component of PVR membranes throughout 
studies.93,94,113,114 The origin of macrophages, considered to be the most important 
inflammatory cell type in PVR, is controversial. Possible sources are the systemic 
circulation, retinal microglia, and transformed RPE cells.86 They may phagocytose 
cellular debris after retinal detachment and secrete several growth factors and 
cytokines that may stimulate processes important in PVR pathogenesis.83,115 Inter-
estingly, direct contact of monocytes/macrophages with RPE cells in a coculture 
system significantly stimulated RPE cell growth.116 Whether lymphocytes are directly 
implicated in the development of PVR is unclear. T-lymphocytes have been identi-
fied in PVR membranes,117 whereas B-lymphocytes were only found in subretinal 
fluid and vitreous fluid samples obtained from patients with PVR.118 

Extracellular matrix and membrane contraction 

The formation of extracellular matrix components is considered to be an important 
step in PVR pathogenesis because attachment to its substratum is required for cell 
survival.119 Moreover, the extracellular matrix mediates several other cellular events 
including cell migration, cell differentiation, and tissue contraction.102 The composi-
tion of the extracellular matrix has been studied immunohistochemically in PVR 
membranes.94,95,120 The most important constituents are various subtypes of colla-
gen, fibronectin, laminin, osteonectin, and tenascin. RPE cells, glial cells, and fibro-
blast-like cells have all been shown to produce various matrix components, includ-
ing collagen and fibronectin, suggesting the intrinsic production by PVR tis-
sue.95,102,121 Under the influence of growth factors and degrading enzymes, such as 
matrix metalloproteinases and serine proteases, the extracellular matrix is subject 
to continuous remodelling throughout the process of wound healing.122 Matrix 
components may thus play an active and pivotal role in the process of PVR by pro-
viding a scaffold for migrating and proliferating cells. It is the subsequent contrac-
tion of the formed membranes that lead to failure of retinal detachment surgery. In 
vitro studies have demonstrated that both RPE cells and fibroblasts, but not glial 
cells, are able to execute the contractile forces seen in tractional retinal detach-
ment.123 It was suggested that RPE cells pull the collagen fibers toward them using 
alternating extension and retraction of their lamellipodia.103 
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Growth factors/cytokines in PVR 

As already mentioned earlier, the development of PVR is reminiscent of the normal 
wound-healing response with inflammation, proliferation of retinal cells, and con-
traction of fibrotic membranes. It is likely that a complex network of growth factors 
and cytokines is involved in the various stages of the disease process. All the cell 
types involved are able to produce a multitude of these factors that influence each 
other in a scenario that is only poorly understood. Laboratory investigations, animal 
studies, and analyses of human specimens have been undertaken to unravel the 
role of these factors in the pathogenesis of PVR, but the exact roles often remain a 
matter of speculation. Nevertheless, it has generally been accepted that an imbal-
anced microenvironment of growth factors and cytokines may promote PVR devel-
opment even though a key factor, such as in wet age-related macular degeneration, 
has never been found. Previous studies have mainly focused on specific cytokines, 
such as interleukin (IL)-1,79,124–126 IL-6,79,124,127,128 CXCL8124,129,130 (formerly known as 
IL-8), CCL2129–134 (formerly known as MCP-1), vascular endothelial growth factor 
(VEGF),135–137 fibroblast growth factor (FGF),79,128,130 hepatocyte growth factor 
(HGF),138,139 platelet-derived growth factor (PDGF),140,141 intercellular adhesion 
molecule (ICAM)-1,78 tumor necrosis factor (TNF)-α,130,142 and transforming growth 
factor (TGF)-β2.79,143,144 All these mediators have been shown to be elevated in ocu-
lar specimens obtained from eyes already affected by PVR, suggesting their in-
volvement in the pathogenesis of PVR. Interestingly, TGF-β2 can act as a negative 
regulator of cell proliferation in primary RPE cultures,144–146 whereas in passaged 
cells it is pro-fibrotic by stimulating matrix synthesis.146 In contradiction to earlier 
studies that focused on patients with established PVR, TGF-β2 levels were lower in 
patients with primary RRD who developed PVR later on as compared with those 
who had an uncomplicated follow-up.139 Sampling at pre-clinical stages of PVR may 
thus yield divergent results, may provide clues as to which mediators initiate the 
formation of PVR membranes, and may identify those which are most predictive of 
its development. 

Treatment of PVR 

The goals of PVR surgery are similar to those of retinal detachment surgery in gen-
eral, i.e. to seal the retinal breaks to prevent passage of fluid into the subretinal 
space, and to relieve traction on the retinal surface. Shortly after the introduction of 
pars plana vitrectomy anatomical success rates were reported to be less than 40%, 
and less than 20% in severe cases.147 Advances in surgical techniques and instru-
mentation have increased the reattachment rate gradually. Nowadays a vast major-
ity of retinal detachments complicated by PVR can be reattached.148 Functional 
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results have however not run parallel to the improvements in surgical outcome, 
with only 11% to 25% of patients achieving a Snellen visual acuity of 0.2.149,150 
Moreover, recurrent detachment after an initially successful surgical procedure is 
common and is mainly due to recurrent proliferation of cells.151,152 Therefore, a 
possible role for pharmacotherapeutical strategies as an adjunct to pars plana 
vitrectomy has been subject of investigation in recent years. 

Corticosteroids are known to decrease intraocular inflammation, stabilize the 
blood-retinal barrier, suppress local growth factor synthesis, and, depending on the 
concentration, reduce cellular proliferation.153–155 Animal studies have shown that 
the use of intravitreal corticosteroids may be useful in the prevention or treatment 
of PVR.156–158 In a recent prospective randomized clinical trial one single preopera-
tive subconjunctival injection of dexamethasone before retinal detachment surgery 
resulted in a significant decrease in laser flare measurements postoperatively,159 
warranting the further study of steroid priming in the prevention of PVR. In another 
study on patients with established PVR, the outcome of vitreoretinal surgery was 
however not improved by adjunctive triamcinolone acetonide in silicone-filled 
eyes.160 The anthracycline antibiotic daunorubicin was shown to effectively arrest 
cell proliferation and cell migration in vitro and to stop traction retinal detachment 
in vivo in an experimental model of PVR.161–165 The results of a multicenter clinical 
trial were however somewhat disappointing. Although the intraoperative applica-
tion of daunorubicin demonstrated some effect by reducing the number of reopera-
tions, its use failed to show a significant increase in reattachment rate in patients 
with severe preoperative PVR.166 

Retinoic acid may also be a candidate in the treatment of PVR. It has been 
shown to specifically inhibit RPE cell proliferation in cell cultures, to prevent the 
dedifferentiation of individual RPE cells, and to reduce the rate of traction retinal 
detachment in animal models of PVR.167–169 Small studies have demonstrated some 
effect of the postoperative administration of oral 13-cis-retinoic acid to increase the 
rate of retinal attachment after surgical repair,170,171 but large prospective random-
ized clinical trials are lacking. The administration of oral colchicine, an effective 
inhibitor of RPE cell migration and proliferation in vitro,172 significantly reduced the 
severity of traction retinal detachment in a rabbit model,173 but safe dosages of this 
drug did not significantly inhibit PVR in humans.174 Other drugs that have been 
evaluated in humans are heparin and 5-fluorouracil (5-FU). Heparin prevents fibrin 
formation after vitreoretinal surgery, binds to fibronectin and to several growth 
factors, and inhibits RPE cell proliferation,175,176 whereas 5-FU is a potent inhibitor of 
fibroblast proliferation.153 Both heparin and 5-FU have been shown to be effective 
in reducing the rate of traction retinal detachment in animal models.177,178 The so-
called “British PVR cocktail” of heparin and 5-FU was initially thought to be a suc-
cessful attempt to prevent the development of PVR in selected high-risk RRD pa-
tients.179 However, the intravitreal use of this cocktail did not show an improved 
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outcome in patients with established PVR and in unselected RRD cases.180,181 The 
authors even discouraged the combined intravitreal use of heparin and 5-FU, since a 
worse visual acuity was observed in patients having received the adjuvant ther-
apy.181 

To conclude, several anti-inflammatory and antiproliferative agents have been 
evaluated for their clinical use in the past decades, but many problems were en-
countered with regard to efficacy and retinal toxicity. The development of a medical 
treatment or prophylaxis will be a challenge for researchers to improve the func-
tional outcome of patients with PVR. Attempts to treat the development of PVR 
membranes with pharmacological adjuncts have been very disappointing so far, and 
none of them is nowadays used in everyday clinical practice on a routine basis. 

Questions and hypotheses addressed in this thesis 

Visual recovery after successful reattachment surgery for macula-off retinal de-
tachment is often incomplete. Important predictive clinical risk factors that have 
been shown to negatively influence macular recovery are a long duration of macular 
detachment and the extent of macular elevation.25,43,44,182 In a considerable number 
of patients postoperative visual acuity remains poor despite a low-risk profile and 
an uncomplicated follow-up. Postoperative assessment with the use of OCT has 
shown persistent submacular fluid in a substantial number of patients in whom the 
macula was detached preoperatively.183 The aim of a prospective study was to de-
termine the incidence and the pattern of subfoveal fluid and to investigate and 
quantify its association with visual outcome in patients who were undergoing suc-
cessful scleral buckling surgery for primary RRD, as described in Chapter 2. 

Tissue factor (TF) is constitutively expressed by subendothelial cells and epithe-
lia to prevent blood loss into extravascular spaces.184 Recently, it was shown that 
genes related to blood coagulation, including TF, were up-regulated in an experi-
mental retinal detachment model in the pig.185 It was postulated that TF may be a 
critical determinant of the extent of tissue injury. Moreover, blood coagulation 
components may play an essential role in the development of PVR following 
RRD.186,187 The aim of our study, outlined in Chapter 3, was to confirm the presence 
of TF in human ocular specimens, to investigate the biological activity of the TF 
protein in subretinal and vitreous fluid samples collected from patients with RRD, 
and to compare TF activity between patients with and without PVR. 

The RPE cell is considered to be the critical cell type in the formation of PVR 
membranes, since they start proliferating and migrating already shortly after the 
onset of retinal detachment.96 The mechanisms why PVR develops only in a small 
minority of patients after primary RRD are however unknown. We have previously 
suggested that PVR-affected individuals may have an impaired mechanism that 
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stimulates apoptosis of uncontrolled RPE cells shortly after RRD onset.139 The 
Fas/FasL system has been shown to play a role in the induction of apoptosis in pro-
liferating RPE cells.188 Therefore, we compared the levels of apoptosis-related fac-
tors such as sFas and sFasL between RRD patients who developed a redetachment 
due to PVR and those with an uncomplicated follow-up, as described in Chapter 4. 

VEGF has been attributed an important role in ocular angiogenesis, such as in 
diabetic retinopathy and wet age-related macular degeneration.189 Surprisingly, 
elevated levels have also been demonstrated in nonangiogenic ocular diseases. For 
example, PVR is characterized by the formation of mainly avascular epiretinal mem-
branes, but VEGF levels were found to be significantly higher in PVR samples com-
pared with uncomplicated RRD controls.135,136 In Chapter 5, we have investigated 
whether the distribution of the proangiogenic and antiangiogenic VEGF isoforms in 
samples from patients with and without PVR could explain this finding. 

As stated earlier, the development of PVR is reminiscent of the normal wound-
healing response with inflammation, migration and proliferation of resident ocular 
cells and invading immune cells, and extracellular matrix deposition. In all these 
biological processes, cytokines function as signalling molecules between the differ-
ent cell types involved in the disease process. Data from previous studies have indi-
cated that not a single cytokine but a complex network of cytokines may underlie 
the development of contractile fibrotic membranes that are characteristic of 
PVR.78,79,124,130 In Chapters 6 – 8 we have examined whether there is a role for cer-
tain interleukins, growth factors, chemokines, and adipokines in the pre-clinical 
stages of PVR using recently developed multiplex bead-based immunoassays. Patho-
logical processes such as the breakdown of the blood-retinal barrier, the migration 
and proliferation of RPE cells and glial cells, and the influx of inflammatory cells into 
the subretinal space may produce PVR-specific cytokine profiles. In Chapter 9 we 
have therefore investigated whether specific cytokines could serve as PVR bio-
markers that can be used as prognostic factors in patients with primary RRD. 

In Chapter 10, the findings of this thesis are discussed and suggestions for fu-
ture research are presented. 
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Abstract 

Purpose: To investigate the influence of subfoveal fluid and foveal thickness on 
visual outcome in patients who underwent reattachment surgery for rhegmatoge-
nous retinal detachment (RRD). 
Methods: This prospective study included 53 patients who were undergoing suc-
cessful scleral buckling surgery for primary RRD. A thorough ophthalmologic exami-
nation including best-corrected visual acuity, slit-lamp biomicroscopy, binocular 
indirect ophthalmoscopy, and optical coherence tomography scanning was per-
formed preoperatively and during all subsequent follow-up visits at 1, 3, 6, 9, 12, 
and 24 months postoperatively. 
Results: Preoperative foveal thickness was significantly higher in the macula-off 
group (n = 38) compared with the macula-on group (n = 15) (P < 0.0001), whereas 
postoperative measurements were normal in both the groups. Linear mixed-model 
analysis revealed that persistent subfoveal fluid (P = 0.0004) was an independent 
predictor of a worse visual outcome after scleral buckling surgery for primary mac-
ula-off RRD, although the effect on visual outcome was small (0.1 logarithm of the 
minimal angle of resolution units). Moreover, increased preoperative foveal thick-
ness was associated with a worse visual prognosis in macula-off RRD (P = 0.010). 
Conclusions: Persistent subfoveal fluid and increased preoperative foveal thickness 
were associated with a worse visual prognosis in macula-off RRD patients, albeit the 
effect of persistent subfoveal fluid was small and temporary. 
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Introduction 

For many decades debate is ongoing why visual recovery after successful reattach-
ment surgery for macula-off rhegmatogenous retinal detachment (RRD) is often 
incomplete. Several pre- and postoperative factors that possibly compromise visual 
outcome have been investigated throughout the years. Important predictive clinical 
risk factors that have been shown to negatively influence macular recovery are a 
low preoperative visual acuity and a long duration of macular detachment.1 To illus-
trate, we showed in a previous study that a rapid worsening of the best-corrected 
postoperative visual acuity (BCVA) occurred when the duration of macular detach-
ment exceeded 6 days.2 Moreover, the extent of macular elevation has been shown 
to correlate with impaired functional recovery.3,4 However, in a considerable num-
ber of patients postoperative visual acuity remains poor despite a low-risk profile 
and an uncomplicated follow-up. 

Postoperative assessment with the use of optical coherence tomography (OCT) 
has shown persistent submacular fluid in a substantial number of patients in whom 
the macula was detached preoperatively and in a minority of patients in whom the 
macula was not detached.5 Optical coherence tomography studies revealed that it 
usually requires several months before this submacular fluid has resolved. The de-
layed absorption of subretinal fluid has been associated with a worse visual out-
come by some authors,3,6–9 whereas others did not find any influence on postopera-
tive visual acuity.10,11 These contradictory results may be mostly because of small 
case numbers, a short follow-up period or an inappropriate case selection. For in-
stance, preoperative OCT images are often lacking, which makes a proper distinc-
tion between macula-off and macula-on RRDs impractical. In addition, the studies 
that showed an influence of persistent submacular fluid on postoperative visual 
outcome did not reveal to what extent visual outcome was affected.3,6–9 This clinical 
information may have important implications for the patient’s prognosis and treat-
ment. Therefore, the aims of this prospective study were to determine the inci-
dence and the pattern of subfoveal fluid and to investigate and quantify its associa-
tion with visual outcome in patients who were undergoing successful scleral buck-
ling surgery for primary RRD. Furthermore, we measured the height of foveal de-
tachment and preoperative and postoperative foveal thickness on OCT in these 
patients and investigated their influence on postoperative visual acuity. We report 
that persistent subfoveal fluid and increased preoperative foveal thickness are both 
significantly associated with a worse visual outcome in patients who underwent 
successful scleral buckling surgery for primary macula-off RRD. 
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Materials and Methods 

Patients 

Fifty-three consecutive eyes of 53 patients who were undergoing scleral buckling 
surgery for primary RRD between January 2007 and December 2007 at the Maas-
tricht University Eye Clinic were enrolled in the study. Patients with preexisting 
macular disease, failed scleral buckling surgery, a history of ocular trauma or ocular 
surgery other than uncomplicated cataract surgery and those whose fovea was 
hidden behind a bullous retinal detachment were excluded from the study. We 
further excluded patients in whom no preoperative OCT was obtained and those 
who did not want to participate in the study because more than regular visits at the 
outpatient clinic were needed. One of the 40 patients who were phakic at the time 
of reattachment surgery underwent cataract surgery during follow-up. Three ex-
perienced vitreoretinal surgeons performed all scleral buckling procedures. The 
study was performed with the agreement of the University Hospital Ethics Commit-
tee. All patients gave informed consent before inclusion in the study and after the 
nature of the study had been explained. The study adhered to the tenets of the 
Declaration of Helsinki. 

All patients underwent thorough ophthalmologic examination preoperatively, 
including BCVA according to Snellen visual acuity chart, slit-lamp biomicroscopy, 
binocular indirect ophthalmoscopy, and OCT scanning. Duration of macular de-
tachment was defined as the interval between the onset of symptoms of macular 
detachment and the surgical procedure and was estimated according to a precise 
history of patients’ symptoms. Best-corrected visual acuity measurements were 
performed by three different masked operators. Follow-up with repeat of the oph-
thalmologic examinations was scheduled at 1, 3, 6, 9, and 12 months after the sur-
gical procedure. Thirty patients (macula-off, n = 19; macula-on, n = 11) were also 
examined 24 months postoperatively, and OCT measurements of the healthy fellow 
eye were obtained in 18 of these patients (macula-off, n = 13; macula-on, n = 5). 

Optical Coherence Tomography 

The 6-mm x 6-mm radial line scan protocol was performed using a Stratus OCT 
Model 3000 OCT scanner (Carl Zeiss Ophthalmic System, Dublin, CA). If fixation was 
problematic, external fixation was used, and scans were repeated until good fixation 
was obtained. Maximal height of foveal detachment was measured by calipers in 
“retinal thickness analysis mode” 1 day before the surgical procedure. The height of 
foveal detachment was defined as the distance between the middle of the outer 
surface of the detached fovea and the inner surface of the underlying retinal pig-
ment epithelium.4 In two patients in whom the retinal pigment epithelium was not 
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visible on the OCT image because of a high foveal detachment, the distance be-
tween the outer surface of the detached fovea and the bottom of the OCT imaging 
area was measured.12 One day preoperatively and at each follow-up visit, foveal 
thickness was measured on OCT by calipers, where foveal thickness reaches its 
minimum value, that is, between the center between both foveal crests and the 
outer surface of the photoreceptor layer (Figure 1). Preoperative foveal thickness 
measurements mainly reflected an index corresponding to the amount of intrareti-
nal edema. In case that foveal architecture was lost (n = 7), preoperative foveal 
thickness measurements were excluded from the analysis. The height of foveal 
detachment and foveal thickness measurements were performed for all six radial 
line scans. Their mean values were calculated and used for analysis. All measure-
ments were performed by one experienced resident. As far as the postoperative 
OCT scans are concerned, this person was masked for preoperative macular status 
and follow-up time after the surgical procedure. The accumulation of subretinal 
fluid was defined as a clear space between the photoreceptor layer and the retinal 
pigment epithelium on OCT.3,6,10 We defined persistent subfoveal fluid as subretinal 
fluid within a diameter of 1,000 µm from the center of the fovea. The pattern of 
subretinal fluid was identified as a single bleb, multiple blebs, or a confluent bleb 
that extended beyond the edge of the 6-mm scan (Figure 2).8 

Statistical Analysis 

For statistical analysis, Snellen visual acuity was transformed into logarithm of the 
minimal angle of resolution (logMAR) visual acuity. Comparisons of demographic or 
 

 
Figure 1 Preoperative optical coherence tomography image of a patient with macula-off rhegmatogenous 
retinal detachment. Foveal thickness was measured by the use of calipers in “retinal thickness analysis
mode”. Note extensive intrafoveal edema in this patient. 
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Figure 2 The pattern of subretinal fluid was identified as (A) a single
bleb, (B) multiple blebs, or (C) a confluent bleb. 

 
clinical variables between macula-off and macula-on patients were assessed using 
the Student’s t-test or the chi-square test as appropriate. The paired t-test was used 
to compare preoperative values with postoperative values (including BCVA and 
foveal thickness) and to compare foveal thickness of the affected eye with that of 
the unaffected healthy eye. To assess visual acuity over time, a linear mixed-model 
analysis was applied.13 Subjects were considered as a random-effect factor, whereas 
clinical variables such as the presence of subfoveal fluid, preoperative foveal thick-
ness, preoperative logMAR visual acuity, and time after the surgical procedure were 
taken as fixed-effect factors. Data are presented as mean ± SD, unless stated else. P 
values of < 0.05 were considered to be statistically significant. SPSS Version 16.0 
software (SPSS Inc, Chicago, IL) was used for statistical analysis. 
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Results 

Fifty-three eyes of 53 patients were included in this study. All patients underwent 
anatomically successful scleral buckling surgery for primary RRD. There were 33 
male patients (62.3%) and 20 female patients (37.7%). Their median age was 55 
years, ranging from 21 years to 84 years. Demographics and characteristics of RRD 
surgery of the study population are shown in Table 1. Preoperative OCT scans sho-
wed a macula-on RRD in 15 patients and a macula-off RRD in 38 patients. In the 
latter group, 13 patients (34.2%) would have been misclassified as macula-on RRD 
based on clinical assessment without the performance of preoperative OCT. The 
mean duration of macular detachment in the macula-off group was 6.1 ± 5.6 days. 
In patients with preoperative macular detachment, the mean number of quadrants 
involved (1.76 ± 0.54 vs. 1.33 ± 0.49) (P = 0.010, Student’s t-test) and the number of 
patients in whom subretinal fluid drainage was performed (97.4% vs. 66.7%) (P = 
0.001, chi-square test) was higher compared with those in the macula-on group. 
 
 
Table 1 Demographic and Clinical Data on 53 Rhegmatogenous Retinal Detachment Patients 

Clinical Variable Macula-off RRD 
(n = 38) 

Macula-on RRD 
(n = 15) 

P value 

Age (years) 
 Mean ± SD 

 
55 ± 14 

 
55 ± 10 

 
P = 0.990 

Gender 
 Male 
 Female 

 
26 (68.4%) 
12 (31.6%) 

 
7 (46.7%) 
8 (53.3%) 

 
P = 0.141 

Laterality 
 Right eye 
 Left eye 

 
20 (52.6%) 
18 (47.4%) 

 
8 (53.3%) 
7 (46.7%) 

 
P = 0.963 

Preoperative logMAR visual acuity 
 Mean ± SD 

 
1.10 ± 0.94 

 
0.15 ± 0.23 

 
P < 0.0001 

Duration of macular detachment 
(days) 
 Mean ± SD 

 
6.1 ± 5.6 

 
- 

 
- 

Macula-on RRD clinically 13 (34.2%) - - 
Quadrants involved 
 Mean ± SD 

 
1.76 ± 0.54 

 
1.33 ± 0.49 

 
P = 0.010 

Lens status 
 Phakia 
 Pseudophakia 

 
29 (76.3%) 
9 (23.7%) 

 
11 (73.3%) 
4 (26.7%) 

 
P = 0.820 

Intraoperative cryotherapy 22 (57.9%) 10 (66.7%) P = 0.556 
Intraoperative SF6 gas 29 (76.3%) 11 (73.3%) P = 0.820 
Subretinal fluid drainage 37 (97.4%) 10 (66.7%) P = 0.001 

RRD, rhegmatogenous retinal detachment; SD, standard deviation; logMAR, logarithm of minimal angle 
of resolution 
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At 1 month postoperatively, subfoveal fluid was detected on OCT in 94% of eyes of 
patients with macula-off RRD. At 3, 6, 9, and 12 months after scleral buckling sur-
gery, OCT scans revealed subfoveal fluid in 72%, 55%, 24%, and 17% of cases, res-
pectively. None of the 19 patients who were measured at 24-month follow-up, 
however, had any subfoveal fluid left on OCT (Figure 3). In comparison, 1 patient 
(7%) with macula-on RRD had subfoveal fluid on OCT at 1 month after scleral buck-
ling surgery (P < 0.0001, chi-square test). None of the macula-on patients showed 
subfoveal fluid on OCT during any of the subsequent follow-up visits. 

The mean preoperative logMAR visual acuity was worse in the macula-off group 
compared with the macula-on group (1.10 ± 0.94 vs. 0.15 ± 0.23) (P < 0.0001, Stu-
dent’s t-test). Except for a worse visual acuity in patients with preoperative macular 
detachment at 1-month follow-up (0.34 ± 0.20 vs. 0.20 ± 0.12) (P = 0.016, Student’s 
t- test), no significant differences in postoperative BCVAs were reached between 
both the groups during the subsequent follow-up visits (Figure 4). Best-corrected 
visual acuities at all follow-up visits were significantly better than preoperative BC-
VA for patients with macula-off RRD (P < 0.0001 for all comparisons, paired t-test), 
whereas no significant improvement in visual outcome was seen in the macula-on 
group (P > 0.05, paired t-test).  

The mean preoperative foveal thickness was 226 ± 42 µm for the macula-off 
group and 177 ± 14 µm for the macula-on group. This difference was highly statisti-
cally significant (P < 0.0001, Student’s t-test). There were no significant differences  
 

 
Figure 3 A graph illustrating the percentage of macula-off rhegmatogenous retinal detachment patients 
with persistent subfoveal fluid detected on optical coherence tomography (OCT). At 1 month 94% of 
patients; at 3 months 72% of patients; at 6 months 55% of patients; at 9 months 24% of patients; and at 
12 months 17% of patients had persistent subfoveal fluid on OCT. At final follow-up at 24 months, none 
of the patients had any subfoveal fluid left on OCT. SFF, subfoveal fluid. 
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in postoperative foveal thickness between both the groups during the follow-up 
period (P > 0.05 for all comparisons, Student’s t-test) (Fig. 5). In the macula-off 
group, the mean postoperative foveal thickness decreased significantly at 1-month 
follow-up compared with preoperative values (P = 0.014, paired t-test) and re-
mained stable thereafter during the whole follow-up period. In the macula-on 
group, no significant changes in postoperative foveal thickness were detected com-
pared with preoperative measurements (P > 0.05 for all comparisons, paired t-test). 
The mean foveal thickness of the nonaffected fellow eye at 24-month follow-up was 
188 ± 20 µm in the macula-off group and 187 ± 18 µm in the macula-on group (P = 
0.961, Student’s t-test). No significant differences in mean foveal thickness be-
tweenthe affected and the nonaffected healthy fellow eye were found for both the 
groups at 24-month follow-up (P > 0.05 for both comparisons, paired t-test). 

Predictors of Visual Outcome after Macula-off Rhegmatogenous Retinal 
Detachment 

To evaluate the influence of a wide range of clinical variables on postoperative vis-
ual outcome in patients with macula-off RRD, we applied linear mixed-model analy 
sis. This analysis revealed that the presence of postoperative subfoveal fluid, preop- 

 

 
Figure 4 Preoperative best-corrected visual acuity and the course of postoperative best-corrected visual 
acuity in patients with macula-off (closed bars) and macula-on (open bars) rhegmatogenous retinal 
detachment (RRD). The mean preoperative logMAR visual acuity was significantly worse in patients with 
macula-off RRD compared to patients with macula-on RRD, whereas worse postoperative visual acuities 
in the macula-off group only reached significance at 1 month follow-up. Error bars represent the stan-
dard error of the mean. *** P < 0.001, * P < 0.05; VA, visual acuity; logMAR, logarithm of minimal angle 
of resolution; preop, preoperative. 
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erative foveal thickness, preoperative logMAR visual acuity, time after the surgical 
procedure, and the pattern of postoperative subretinal fluid were each independent 
predictors of postoperative visual outcome after scleral buckling surgery for primary 
macula-off RRD (Table 2). About the latter, it is shown that multiple blebs (P = 
0.020) and the presence of a confluent bleb (P = 0.006) but not a single bleb (P = -
0.734) contributed to a worse postoperative visual outcome in these patients. Al-
though intraoperative SF6 gas injection was also an independent predictor of post-
operative visual outcome, further analysis showed that this was solely because of a 
worse mean preoperative logMAR visual acuity in patients who received SF6 gas 
compared with those who did not (1.25 ± 0.95 vs. 0.62 ± 0.77). Age, gender, the 
number of quadrants involved, the duration of macular detachment, the application 
of cryotherapy intraoperatively, lens status, and the height of retinal detachment, 
however, did not reach statistical significance (P > 0.05 for all comparisons) and thus 
did not predict visual outcome after macula-off RRD surgery in our patient populati-
on. 
 

 
Figure 5 Preoperative foveal thickness and the course of postoperative foveal thickness in patients with 
macula-off (closed bars) and macula-on (open bars) rhegmatogenous retinal detachment. The mean 
preoperative foveal thickness was significantly higher in the macula-off group than in the macula-on 
group, whereas there were no significant differences in postoperative foveal thickness between both 
groups at each follow-up visit. Error bars represent the standard error of the mean. *** P < 0.001; FT, 
foveal thickness; preop, preoperative. 

 

 



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

 45 

Table 2 Independent Predictors of Postoperative Visual Outcome According to Linear Mixed-Model 
Analysis 

Variable Estimate (logMAR 
Visual Acuity) 

95% Confidence 
Interval 

t P value 

Subfoveal fluid 
 Absence 
 Presence 

 
0 

0.092 

 
 

0.044 – 0.140 

 
 

3.821 

 
 

P = 0.0002 
Preoperative foveal thickness 
(µm) 

 
0.0015 

 
0.0003 – 0.003 

 
2.650 

 
P = 0.014 

Preoperative visual acuity 
(logMAR) 

 
0.054 

 
0.010 – 0.098 

 
2.475 

 
P = 0.018 

Pattern subretinal fluid 
 Absence 
 Single bleb 
 Multiple blebs 
 Confluent bleb 

 
0 

0.011 
0.071 
0.112 

 
 

-0.052 – 0.074 
0.011 – 0.130 
0.033 – 0.191 

 
 

0.340 
2.346 
2.805 

 
 

P = 0.734 
P = 0.020 
P = 0.006 

Time after surgery (months) -0.0082 -0.011 – -0.006 -6.885 P < 0.0001 

logMAR, logarithm of minimal angle of resolution 

 
 
When combining the significant predictors in a linear mixed model, the presence of 
subfoveal fluid (P = 0.0004), preoperative foveal thickness (P = 0.010), and time 
after the surgical procedure (P = 0.009) remained significant predictors of visual 
outcome after macula-off RRD. As a result, the following equation can be computed: 
 
yi(t) = -0.134 + 0.106 x SFF + 0.0015 x pre-FT – 0.0051 x t + εi 
 
where yi(t) is the logMAR visual acuity of a patient i after a follow-up of t months; 
SFF represents the effect of subfoveal fluid (yes = 1 and no = 0); pre-FT represents 
the effect of preoperative foveal thickness (in micrometers); t is the effect of time 
after the surgical procedure (in months follow-up); and εi is the residual error. Ac-
cording to this linear mixed model, it is estimated that patients with persistent sub-
foveal fluid have a worse postoperative visual outcome of 0.106 logMAR units. Fur-
thermore, it can be deducted from the formula that an increased preoperative fo-
veal thickness is associated with a worse visual prognosis after macula-off RRD and 
that there is a gradual improvement in visual acuity over time. For example, after 6-
month follow-up, the estimated logMAR visual acuity of a patient with persistent 
subfoveal fluid and a preoperative foveal thickness of 318 µm is 0.42 (-0.134 + 0.106 
x 1 + 0.0015 x 318 – 0.0051 x 6). 
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Discussion 

In this prospective study, we investigated the influence of several OCT parameters 
on visual outcome in patients who underwent successful scleral buckling surgery for 
RRD. We found that persistent subfoveal fluid and increased preoperative foveal 
thickness impaired postoperative visual outcome in eyes of patients with primary 
macula-off RRD, whereas these preoperative and postoperative OCT characteristics 
and their influence on visual outcome were not seen in the macula-on group. At 
final follow-up at 24 months, however, there was only a small nonsignificant differ-
ence in visual acuity between both the groups, indicating that the effect of persis-
tent subfoveal fluid and increased preoperative foveal thickness on long-term visual 
outcome is minor. 

Patients with macula-off RRD were greatly outnumbered by those with macula-
on RRD. Based on clinical examination, 13 macula-off RRD patients would have been 
misclassified as macula-on RRD patients. Without preoperative OCT scanning 25 of 
53 patients (47%) were classified as macula-off patients, whereas this number in-
creased to 38 of 53 patients (72%) with the performance of preoperative OCT scan-
ning. These figures stress the importance of preoperative OCT scanning in the allo-
cation of RRD patients. Obviously, there was a significant difference in preoperative 
visual acuity and in the number of quadrants involved between both the groups. 
Subretinal fluid drainage occurred less frequently in the macula-on group because 
this is not routinely performed in our clinic if < 1 quadrant is involved. 

Our series demonstrated that 94% of eyes of patients with macula-off RRD had 
persistent subfoveal fluid on OCT at 1-month follow-up. This finding is higher than 
the incidence reported by previous studies. For instance, Benson et al8 found persis-
tent subretinal fluid on OCT in 82.5% of patients with macula-off RRD at 6-week 
follow-up, whereas Wolfensberger and Gonvers6 demonstrated residual subretinal 
fluid in 81.3% of patients 1 month postoperatively. Some authors reported even 
lower incidences of persistent subfoveal fluid after reattachment surgery for mac-
ula-off RRD.9,10 A possible explanation for the high incidence of persistent subfoveal 
fluid in our case series may be ascribed to the operating procedure. In our popula-
tion, all patients underwent scleral encircling, while in other studies, scleral encir-
cling was only performed in a part of the patients. There is evidence that scleral 
encircling reduces choroidal blood flow, and as a consequence, this procedure may 
contribute to the persistence of subfoveal fluid after RRD surgery.14–16 Moreover, 
differences in baseline demographics and patient characteristics among studies may 
have yielded variations in the incidence of persistent subfoveal fluid. 

At 12-month follow-up, still 17% of patients showed subfoveal fluid on OCT, in-
dicating that subfoveal fluid takes 1 year to 2 years to resolve in a substantial num-
ber of macula-off RRD patients. Interestingly, 1 of the 15 macula-on RRD patients in 
our case series had postoperative subfoveal fluid on OCT. Persistent submacular 
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fluid in a preoperatively uninvolved macula has also been reported by Theodossiadis 
et al.7 This is possibly the result of subretinal fluid movement from the periphery to 
the macular region during or after the surgical procedure. 

So far, only very few studies have focused on foveal thickness in RRD patients. 
To our knowledge, this is the first study that compared foveal thickness measure-
ments before and after scleral buckling surgery, which was possible because we 
only included patients with preoperative OCT imaging. Considering possible seg-
mentation error in Stratus OCT software,17,18 foveal thickness was measured manu-
ally using the OCT electronic calipers. We found that preoperative foveal thickness 
was significantly higher in patients with macula-off RRD compared with those with 
macula-on RRD, which was mainly caused by extensive edema with cystoid spaces in 
the macula. One month after successful scleral buckling surgery intraretinal edema 
had disappeared in all patients, which was supported by our finding that foveal 
thickness had returned to normal values in these patients. In the macula-on group, 
preoperative foveal thickness and postoperative foveal thickness at all follow-up 
visits did not differ and were similar to the foveal thickness measured in the nonaf-
fected fellow eyes. On the contrary, a small retrospective study reported a signifi-
cant increase in foveal thickness after macula-off RRD.19 However, no preoperative 
OCT images were available in this study to make a direct comparison between pre-
operative and postoperative foveal thickness measurements. In patients with mac-
ula-off RRD, the authors found a mean foveal thickness of 249 µm 2 years post-
operatively compared with that of 180 µm in our study at 24-month follow-up. This 
difference may be explained by the fact that the authors of this study measured the 
foveal thickness within 500 µm from the center of the fovea, whereas we measured 
the minimal foveal thickness at the center of the fovea. 

We used linear mixed-model analysis to evaluate and quantify the influence of a 
wide range of OCT parameters and clinical variables on postoperative visual out-
come. We found that the presence of persistent subfoveal fluid, preoperative foveal 
thickness, preoperative visual acuity, the pattern of persistent subretinal fluid, and 
time after the surgical procedure were each independent predictors of visual out-
come after successful scleral buckling surgery for macula-off RRD. When we com-
bined these predictors in one model, the presence of persistent subfoveal fluid, 
preoperative foveal thickness, and time after the surgical procedure remained sig-
nificant predictors. In general, there was a gradual improvement in visual acuity 
over time in the macula-off group, whereas subfoveal fluid and preoperative foveal 
thickness negatively influenced postoperative visual outcome. Importantly, the 
prediction of visual acuity by this model is confined to our patient population for no 
longer than the duration of the follow-up period (i.e., 24 months). 

Because several studies have reported a compromised visual acuity because of 
persistent subfoveal fluid after scleral buckling surgery for macula-off RRD, some 
authors have successfully tried to facilitate subretinal fluid reabsorption. Both selec-
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tive retina therapy, in which multiple short laser pulses cause a thermo-mechanical 
disintegration of retinal pigment epithelial cells, and the intravitreal injection of SF6 
gas 3 months to 5 months after successful scleral buckling surgery have been per-
formed in a few patients with persistent subfoveal fluid after RRD repair.20,21 Al-
though our model showed that the effect of persistent subfoveal fluid on visual 
outcome was highly significant, the effect was also small (~0.1 logMAR units) and 
temporary. For that reason, we would not recommend to routinely intervene and 
accelerate the reabsorption of persistent subfoveal fluid after reattachment sur-
gery. We do not think that the risk of an intervention outweighs the benefit of a 
small gain in visual acuity. 

The present study has some limitations. First, our results are based on a cohort 
of eyes with favorable preoperative factors associated with macula-off RRD. Pa-
tients were relatively young and had a short duration of macular detachment. 
Moreover, we were not able to implement the influence of highly elevated macular 
detachments in our model, a well-known risk factor for a lower visual outcome after 
reattachment surgery,1 because we excluded these patients from the study. Second, 
we did not measure bleb width or bleb height to investigate whether its size influ-
enced visual outcome. However, we showed that the presence of a confluent bleb 
or multiple blebs but not a single bleb contributed to a worse visual prognosis in 
patients who were successfully operated for macula-off RRD. Third, the use of high-
speed Fourier-domain OCT would have yielded more information on the intraretinal 
morphologic changes, such as photoreceptor disruption after macula-off RRD re-
pair.22 Last, BCVA was not assessed by Early Treatment Diabetic Retinopathy Study 
chart with standardized correction. 

In conclusion, this prospective study showed that subretinal fluid occasionally 
takes >12 months to resolve in patients who underwent scleral buckling surgery for 
macula-off RRD. Furthermore, persistent subfoveal fluid and increased preoperative 
foveal thickness were associated with a worse visual prognosis in macula-off RRD 
patients, although it is important to remark that the effect of persistent subfoveal 
fluid on visual outcome was only small (~0.1 logMAR units) and temporary. Because 
we think that the risk of an intervention outweighs the benefit of a small gain in 
visual acuity, we do not recommend to routinely intervene to accelerate the reab-
sorption of this fluid. 
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Chapter 3 
High Subretinal Fluid Procoagulant 
Activity in Rhegmatogenous Retinal 
Detachment 
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Abstract 

Purpose: An increased mRNA expression of genes related to blood coagulation has 
been demonstrated in an experimental retinal detachment model but has not yet 
been confirmed in human clinical specimens. Tissue factor (TF), the initiating factor 
of blood coagulation, may be a determinant of the extent of tissue injury following 
rhegmatogenous retinal detachment (RRD). We therefore investigated whether 
subretinal fluid and vitreous fluid collected from patients with RRD exerted any 
procoagulant activity. 
Methods: Calibrated thrombin generation (CAT) was utilized to investigate the 
thrombogenic properties of 28 subretinal fluids collected during scleral buckling 
surgery for RRD. Further, the thrombogenic properties of vitreous fluids from RRD 
(n=12), macular pucker (n=5), macular hole (n=6), and proliferative diabetic reti-
nopathy (n=5) were compared with eye bank eyes (n=11), which served as controls. 
Identification of the procoagulant activity as TF was performed using Western blot-
ting. 
Results: The addition of subretinal fluid from all RRD patients (28/28, 100%) induced 
thrombin generation in normal and severe factor XII deficient plasma. Contrary to 
subretinal fluid, the addition of vitreous fluids from various ocular disorders hardly 
provoked thrombin generation in normal and severe factor XII deficient plasma 
(4/12, 33% RRD; 1/5, 20% macular pucker; 0/6, 0% macular hole; 0/5, 0% prolifera-
tive diabetic retinopathy; and 2/11, 18% eye bank eyes). The procoagulant activity 
in subretinal fluid was almost completely neutralized by antibodies against human 
TF. The presence of TF in subretinal fluid was confirmed by Western blotting. 
Conclusions: Subretinal fluid from patients with RRD exerts high procoagulant activ-
ity by the action of tissue factor. 
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Introduction 

Tissue factor (TF), a transmembrane glycoprotein, is the major initiating factor of 
blood coagulation in normal haemostasis in vivo. Upon complex formation of coagu-
lation factor VII with TF, coagulation factor X and IX further activate downstream 
proteases.1 Ultimately, this leads to the generation of thrombin, the key enzyme in 
the conversion of fibrinogen into fibrin.2 TF is ubiquitous throughout the human 
body in order to maintain haemostasis when blood vessels are injured. Therefore, 
TF is constitutively expressed by subendothelial cells and epithelia to prevent blood 
loss into extravascular spaces.3 

In the human eye, TF is mostly expressed in the retinal vessel walls but only 
faintly in anterior segmental tissue.4 Recently, it was shown that genes related to 
blood coagulation were up-regulated in an experimental retinal detachment model 
in the pig.5 In this study, TF gene expression showed a threefold change in expres-
sion level and was considered to be up-regulated in detached and peridetached 
neural retinas and in retinal pigment epithelial (RPE) cells compared to control reti-
nas. It is postulated that TF may be a critical determinant of the extent of tissue 
injury mediated by an ongoing inflammatory response.6 For instance, it was sug-
gested that plasma TF levels may reflect endothelial cell injury and/or destruction of 
TF-containing cells in patients with diabetes mellitus with retinopathy or nephropa-
thy.7 Since the blood-retinal barrier with its TF-containing RPE cells may be damaged 
during rhegmatogenous retinal detachment (RRD), it is conceivable that TF will be 
released into the subretinal space. Moreover, blood coagulation components may 
play an essential role in the development of proliferative vitreoretinopathy (PVR) 
following RRD, as is shown in animal models.8,9 

The aim of our study was to confirm the presence of TF in human clinical speci-
mens, to investigate the biological activity of the TF protein in subretinal and vitre-
ous fluid samples collected from patients with RRD, and to compare TF activity be-
tween patients with and without PVR. Therefore, we investigated whether subreti-
nal fluid and vitreous fluid collected from patients who underwent reattachment 
surgery for RRD exerted any procoagulant activity, using calibrated automated 
thrombography (CAT). This functional test, developed by Hemker et al.,10,11 allows 
for the measurement of the composite effect of the multiple factors that determine 
coagulation capacity. In a similar way, we examined the procoagulant abilities of 
vitreous fluids from patients with various ocular conditions, including macular 
pucker, macular hole, and proliferative diabetic retinopathy. We report that 
subretinal fluid collected from RRD patients exerts high procoagulant activity by the 
action of TF, although we were not able to demonstrate a higher TF activity in eyes 
of patients with PVR. On the other hand, procoagulant activity in vitreous fluids 
from other ocular conditions was negligible. 
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Methods 

Chemicals 

Phospholipid vesicles consisted of 20 mol% phosphatidylserine (PS), 20 mol% phos-
phatidyl-ethanolamine (PE) and 60 mol% phosphatidylcholine (PC) and were ob-
tained from Avanti (Alabaster, AL, USA). Recombinant relipidated tissue factor (r.TF) 
not containing polybrene or Ca2+ was a kind gift from Dade Behring (Marburg, Ger-
many). Hepes-buffered saline comprised 20 mM Hepes, 140 mM NaCl, pH 7.35. 
Fluorogenic substrate, Z-Gly-Gly-Arg-AMC, was obtained from Bachem (Bubendorf, 
Switzerland). Upon splitting by thrombin, it releases the fluorescent AMC (7-amino-
4-methylcoumarin), which is measured by a 390 nm excitation and a 460 nm emis-
sion filter set. A fresh mixture of fluorogenic substrate and CaCl2 was prepared for 
each experiment as follows: to 875 µl of buffer (Hepes 20 mM, pH 7.35) containing 
60 g/l BSA (Sigma, A-7030), 100 µl of 1 M CaCl2 was added. At 37° C, 25 µl of a 100 
mM DMSO solution of the fluorogenic substrate was squirted in and immediately 
vigorously mixed. The resulting clear solution, referred to as FluCa, thus is 2.5 mM in 
fluorogenic substrate and 100 mM in CaCl2. Calibrator was prepared in-house and 
consists of α2macrogobulin-thrombin (α2M-T) complex with an activity that is equal 
to that of 600 nM human thrombin in buffer. Severe FXII-deficient plasma was ob-
tained from Siemens (Marburg-Germany). Antibodies against TF were purchased 
from American Diagnostica (Stamford, CT, USA). 

Subjects 

In our department, subretinal fluid and vitreous fluid samples are routinely col-
lected during scleral buckling surgery and pars plana vitrectomy, respectively. From 
samples stored in our BioBank we selected 28 subretinal fluids from patients with 
primary RRD. Eighteen patients had an uncomplicated postsurgical follow-up and 
ten patients developed a re-detachment due to PVR within 2 months. In the former 
group, two different collection techniques were applied. To investigate whether 
vitreous fluids of various ocular disorders exerted any procoagulant activity, we 
selected 12 patients with primary RRD, 5 patients with macular pucker, 6 patients 
with macular hole, and 5 patients with proliferative diabetic retinopathy. Eleven 
human vitreous samples obtained from 11 eye bank eyes with consent for research 
were used as controls. Vitreous fluid was isolated within 24 hours postmortem. 
These patients did not suffer from any known eye disease and deceased due to 
trauma, cerebrovascular event, or respiratory or cardiac failure. 

This study was performed with the agreement of the University Hospital ethics 
committee. All patients gave informed consent before the surgical procedure and 



P R O C O A G U L A N T  S U B R E T I N A L  F L U I D  

 55 

after the nature of the study was explained. The study adhered to the tenets of the 
Declaration of Helsinki. 

Sample Collection 

Subretinal fluid samples were obtained during scleral buckling surgery for primary 
RRD by two different techniques. In 20 patients, subretinal fluid was obtained by 
making a small incision through the sclera and choroid. Before the incision, scleral 
and choroidal vessels were carefully cauterized. The sclera surrounding the incision 
opening was cleaned from any macroscopic blood with a cotton tip. After cautiously 
giving some pressure on the eye, the subretinal fluid was collected from the surface 
of the sclera with a 25-gauge bent needle without touching the eye. Samples that 
were contaminated with macroscopic hemorrhage were discarded. In 8 patients, 
subretinal fluid was collected by the use of a needle attached to a pipette. Under 
biomicroscopical guidance the tip of the needle was inserted into the middle of the 
subretinal space. Releasing pressure on the pipette resulted in fluid collection. Mac-
roscopic hemorrhage was avoided in any case using this technique. Samples were 
centrifuged at 1,200 rpm for 7 minutes to obtain supernatants. 

Undiluted vitreous samples were obtained by conventional three-port, closed 
vitrectomy by manual suction at the start of the surgical procedure before opening 
the infusion line. Samples were taken out of the core of the vitreous body. Vitreous 
samples from eye bank eyes were obtained from the Cornea Bank Amsterdam. All 
samples were collected in sterile tubes and immediately stored at –80ºC until as-
sayed. Sample volumes ranged between 50–250 μL for subretinal fluid and between 
100–1,500μL for vitreous fluid. 

Blood and Plasma 

Blood was obtained through antecubital venapuncture (1 volume trisodium citrate 
0.13 M to 9 volumes blood) from healthy individuals who consented to participate 
in this study. Free flow or minimal suction was employed; vacuum containers were 
avoided. The blood was centrifuged at 1,000 g for 10 minutes at room temperature 
and the plasma was aspirated. This procedure was repeated once. The plasma was 
stored at -80° C in 1mL aliquots. 

The Automated Calibrated Thrombogram (CAT) 

The thrombograms were measured in a 96-well plate fluorometer (Ascent reader, 
Thermolabsystems OY, Helsinki Finland) equipped with a 390/460 filter set (excita-
tion/emission) and a dispenser. Flat-bottom 96-well plates (Thermo, MA, USA) were 
used. Each experiment needs two sets of readings, one from a well in which throm-
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bin generation takes place (TG well) and a second one from a well to which the 
calibrator has been added (CL well). Experiments were carried out in duplicate, i.e. a 
set of 2 TG wells was compared to a set of 2 CL wells. A dedicated software program 
(Thrombinoscope, Synapse BV, Maastricht, The Netherlands) enables the identifica-
tion of the (sets of) wells and determines the duration of the experiment and the 
sampling rate (usually 4/min). To each well, 80 µl of plasma (PPP) was added. The 
TG wells received 20 µl of buffer, containing the trigger (including 5 µl of the ocular 
fluid ± 5 µl of antibodies against TF) but no Ca2+, whereas the CL wells received 20 µl 
of the α2M-T solution. The trigger was the subretinal fluid or vitreous fluid obtained 
during ocular surgery together with 24 µM PS/PC/PE vesicles in Hepes-buffered 
saline, in the absence of TF. The plate was placed in the fluorometer and allowed to 
warm to 37° C (minimally 5 minutes). The dispenser of the fluorometer was flushed 
with warm 100 mM CaCl2 solution, emptied, and then flushed with warm FluCa. At 
the start of the experiment, the instrument dispenses 20 µl of FluCa to all the wells 
to be measured, registers this as zero time, shakes them for 10s and starts reading. 
During the measurement, the program compares the readings from the TG and the 
CL wells, calculates thrombin concentration and displays the thrombin concentra-
tion in time. 
 
 

 
Figure 1 Typical course of a thrombogram with its parameters. (A) Lag time, (B) Endogenous Thrombin 
Potential (ETP), (C) Peak height, and (D) Time to peak. 
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A typical course of a thrombogram is illustrated in Fig. 1. The period in which no 
observable thrombin is formed reflects the lag time. After this phase, the concentra-
tion of thrombin formed increases rapidly until a peak is reached, and then decrea-
ses again. The area under the curve is called the endogenous thrombin potential 
(ETP) and is obtained by adding a thrombin substrate in excess, so that the total 
amount of substrate converted is proportional to the area under the thrombogram. 
Other parameters of the thrombogram are the peak height and the time it takes 
until the peak is reached. Evident thrombin generation is defined as the peak height 
being > 50 nM thrombin. 

In any experimental setting, the intrinsic pathway of the coagulation cascade 
will be activated due to contact activation. To rule out the contribution of contact 
activation to the amount of thrombin generated, severe factor XII deficient plasma 
was used besides normal plasma in all the experiments. As a result, the use of se-
vere factor XII deficient plasma prevented any thrombin to be generated in the 
absence of a trigger of the coagulation system. 

 
 

 
Figure 2 Thrombin generation in plasma, effect of the addition of subretinal fluid in the absence of 
tissue factor. Ten subretinal fluid samples obtained during scleral buckling surgery for primary rhegma-
togenous retinal detachment provoked thrombin generation to a different extent in severe FXII defi-
cient plasma. 
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Western Blot Analysis 

Protein concentrations were determined using Bradford reagent (BioRad). Ten µg of 
total protein was separated on a Novex 4–12% Bis-Tris Gel (Invitrogen), transferred 
to nitrocellulose and followed by immunodetection with rabbit polyclonal TF spe-
cific antibodies. Prior to immunodetection the blot was stained with Ponceau S to 
assess equal loading. 

Statistical Analysis 

The nonparametric Mann-Whitney U-test was used for the comparison of the pa-
rameters of the thrombogram between samples collected by the two different 
techniques and between samples from RRD patients with and without postsurgical 
PVR. The nonparametric Wilcoxon signed-rank test was used to compare the proco-
agulant activity of the whole cell samples with the corresponding supernatants. The 
chi-square test was used to compare nominal variables such as diabetes mellitus. P 
values < 0.05 were considered to be statistically significant. 
 

 

 

Table 1 Comparison between patients with low TF activity and patients with high TF activity based on the 
peak height of the thrombogram 

Clinical variable Low TF activity 
(n=10) 

High TF activity 
(n=10) 

P value 

Age (years) 
 Median (range) 

 
62 (42–79) 

 
62 (14–82) 

 
P = 0.940 

Sex (%) 
 Female 
 Male 

 
4 (40%) 
6 (60%) 

 
2 (20%) 
8 (80%) 

 
P = 0.329 

Diabetes mellitus (%) 0 1 (10%) P = 0.305 
Pseudophakia (%) 3 (30%) 4 (40%) P = 0.639 
Duration of macular detachment (days) 
 Median (range) 

 
2 (1 – 3) 

 
5 (4 – 17) 

 
P = 0.008 

Size of retinal detachment (quadrants) 
 Median (range) 

 
2 (1 – 3) 

 
2 (2 – 3) 

 
P = 0.788 

Retinal defects 
 Median (range) 

 
2 (1 – 2) 

 
2 (0 – 6) 

 
P = 0.796 

Preoperative visual acuity (logMAR) 
 Median (range) 

   
0.61 (0 – 2.52) 

 
1.77 (0.60 – 2.52) 

 
P = 0.050 

TF, tissue factor; logMAR, logarithm of minimal angle of resolution. 

 



P R O C O A G U L A N T  S U B R E T I N A L  F L U I D  

 59 

Results 

To investigate whether subretinal fluid exerted any procoagulant activity, samples 
from 10 patients who underwent successful scleral buckling surgery for primary RRD 
were added to normal and severe factor XII deficient plasma. All patients had an 
uncomplicated follow-up. These samples were collected by making a small incision 
into the sclera and choroid. In the absence of TF, the addition of subretinal fluid 
from patients with primary RRD induced thrombin generation to a different extent 
in all cases (Fig. 2), whereas no thrombin at all was generated in the absence of 
subretinal fluid. To confirm that this procoagulant activity was caused by the pres-
ence of TF in subretinal fluid, antibodies against human TF were added to these 
samples. The procoagulant activity on the parameters of CAT (lag time, ETP, peak 
height, and time to peak) was almost completely neutralized by these antibodies 
(Fig. 3). Further, the presence of TF in subretinal fluid was confirmed using Western 
blotting (Fig. 4). 

Data from animal studies and clinical studies have shown that blood coagulation 
components may play key roles in the early stages of PVR.8,9,12,13 Therefore, we were 
interested whether subretinal fluid samples from patients with primary RRD who 
developed postsurgical PVR showed even higher procoagulant activity. The ten 
samples from Fig. 2 were compared with ten age- and gender-matched samples 
from patients who developed PVR within a 2-months period. All PVR samples 
showed high procoagulant activity but no significant differences between both 
groups with respect to the various parameters of the thrombogram were detected 
(Mann-Whitney test; P > 0.05 for lag time, ETP, peak height, and time to peak). 
 

 

Table 2 Thrombin generation in subretinal fluid samples; comparison of two collection techniques 

Parameter 
thrombogram 

Incision technique 
(n=10) 

Pipette technique 
(n=8) 

P value 

Lag time 
 Mean ± SD 

 
4.6 ± 2.0 

 
3.7 ± 1.4 

 
NS 

ETP 
 Mean ± SD 

 
1249 ± 311 

 
1485 ± 369 

 
NS 

Peak height 
 Mean ± SD 

 
241 ± 104 

 
145 ± 131 

 
NS 

Time to peak 
 Mean ± SD 

 
7.5 ± 2.6 

 
11.5 ± 3.8 

 
P = 0.033 

SD, standard deviation; NS, not significant; ETP, endogenous thrombin potential. 
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Figure 3 Thrombin generation in plasma, effect of antibodies against human tissue factor after the addi-
tion of subretinal fluid. Thrombin was generated in the presence of subretinal fluid (in red), whereas no 
thrombin at all was generated in the absence of subretinal fluid. Antibodies against human tissue factor 
almost completely neutralized the procoagulant activity of subretinal fluid (in black). Only one example is 
shown. 

 
 

 
 
Figure 4 Western blot analysis of subretinal fluid samples using an antibody specifically detecting tissue 
factor reveals a major band at ~50 kD. Samples from 6 patients who underwent scleral buckling surgery 
for rhegmatogenous retinal detachment were investigated. Samples from patients 1–3 are supernatants; 
samples from patients 4–6 are whole cell specimens. 
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To investigate whether TF is a determinant of the extent of tissue injury following 
RRD, we made a comparison between patients with low TF activity and patients 
with high TF activity based on the peak height of the thrombogram. Both RRD pa-
tients with an uncomplicated follow-up and patients who developed postsurgical 
PVR were included in the analysis, since there were no significant differences in 
thrombogram parameters between both groups. Patients with high TF activity had a 
significant longer duration of macular detachment than patients with low TF activity 
(P = 0.008; Table 1). Moreover, there was a trend that the former group had a wor-
se preoperative visual acuity (P = 0.050). 

We also determined whether the method of fluid collection influenced our re-
sults. Therefore, we investigated 8 subretinal fluid samples from patients with pri-
mary RRD which were collected by using a small needle with pipette. All samples 
investigated clearly showed evident thrombin generation, though to a lesser extent 
in comparison with the incision technique (Table 2). Statistical analysis showed that 
only time to peak was significantly different between both groups (Mann-Whitney 
test; P = 0.033). We also investigated the procoagulant activity of the supernatant of 
these samples. In comparison with the whole cell specimens, the supernatants 
showed similar procoagulant activity (Fig. 5), although differences were statistically 
significant for lag time (Wilcoxon signed-rank test; P = 0.042), ETP (P = 0.012), peak 
height (P = 0.012), and time to peak (P = 0.017). 

Further, we were interested whether this procoagulant phenomenon could also 
be demonstrated in vitreous fluids of various other ocular conditions. Therefore, we 
compared the procoagulant activity of vitreous fluids collected during pars plana 
vitrectomy for primary RRD (n=12), macular pucker (n=5), macular hole (n=6), and 
proliferative diabetic retinopathy (n=5) with vitreous fluid samples from eye bank 
eyes (n=11), which served as controls. Interestingly, the addition of vitreous fluids 
from the non-retinal detachment groups hardly affected the amount of thrombin 
generated in normal and severe factor XII deficient plasma. In 1/5 (20%) samples 
from patients with macular pucker, 0/6 (0%) samples from patients with macular 
hole, and 0/5 (0%) samples from patients with proliferative diabetic retinopathy 
thrombin generation was observed (Fig. 6a-c). In the retinal detachment group and 
in the eye bank group, in 4/12 (33%) and 2/11 (18%) vitreous samples thrombin was 
generated, respectively (Fig. 6d-e). Again, these effects were neutralized by antibod-
ies against human TF in all vitreous fluid samples in which procoagulant activity was 
shown (data not shown), indicating that it is the presence of TF causing the throm-
bin generation. 
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Discussion 

To our knowledge, this is the first report showing that subretinal fluid collected 
during scleral buckling surgery for primary RRD exerts procoagulant activity. TF 
accounted for almost all procoagulant activity, since thrombin generation was al-
most completely reduced by neutralizing antibodies. We have hereby confirmed the 
results from the study of Hollborn et al5 in human clinical specimens. Our results 
using CAT, a functional test that evaluates the biological activity of coagulation fac-
tors including TF, were further supported by Western blotting. Interestingly, hardly 
any procoagulant activity was detected in vitreous fluids from patients with macular 
pucker, macular hole, or proliferative diabetic retinopathy, whereas vitreous fluids 
from RRD patients showed TF activity in one third of cases. 

In our study, procoagulant activity was demonstrated in only a minority of vit-
reous fluid samples from patients with RRD, whereas all subretinal fluid samples 
from patients with the same ocular disorder were able to trigger the clotting cas-
cade. This discrepancy may be explained by the site of sample collection. During 
vitrectomy the vitreous fluid is collected from the core of the vitreous body. Al-
though we do not know the exact origin of TF in our samples, it may well be that 
there is less activity in this part of the eye compared with the site very close to the  
 
 

 
 
Figure 5 Thrombin generation in plasma, comparison of the addition of the whole cell subretinal fluid 
samples and its corresponding supernatants. Whole cell specimens and its corresponding supernatants 
provoked thrombin generation to a similar extent, although differences regarding the various parameters 
of the thrombogram were statistically significant (Wilcoxon signed-rank test; P < 0.05 for lag time, ETP, 
peak height, and time to peak). The solid lines represent the whole cell specimens; the dashed lines 
represent the supernatants. Only two examples (in red and black) are shown. 
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Figure 6 Thrombin generation in plasma, effect of the 
addition of vitreous fluid from various ocular disorders in 
the absence of tissue factor. Vitreous fluid samples ob-
tained during pars plana vitrectomy for various ocular 
disorders hardly affected thrombin generation in severe 
FXII deficient plasma. In (top left) 1/5 macular puckers, (top 
right) 0/6 macular holes, (middle left) 0/5 PDR, (middle 
right) 4/12 primary RRD, and (bottom left) 2/11 eye bank 
eyes evident thrombin generation was demonstrated. 

 
 
 
retinal detachment. Interestingly, in some control samples from eye bank eyes pro-
coagulant activity was detected. This may be due to lysis of cells in the postmortem 
tissues. However, analysis of data did not show a correlation between postmortem 
time and thrombin generation (data not shown). Finally, thrombin generation in 
subretinal fluid samples collected by pipette was lower than by the incision method. 
Possibly, this was caused by the small incision in the sclera itself whereby small 
amounts of TF may be released into the subretinal fluid. 

TF is historically defined as the coagulation initiation factor, but is now recog-
nized to have additional nonhemostatic functions on different cell populations. TF 
may induce a broad range of cellular responses, including inflammation and cell 
migration. This is illustrated by the upregulation of both interleukin (IL)-6 and IL-8 
expression in macrophages and the stimulation of fibroblast migration, following 
complex formation of TF with factor VIIa.14,15 On the other hand, it was demon-
strated that TF expression was up-regulated by a variety of cell types after stimula-
tion with inflammatory mediators.16 Among these cell types were monocytes which 
have been shown to be ubiquitous in the subretinal space after retinal detach-
ment.17 
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It remains to be elucidated, however, what the exact meaning of TF in subretinal 
fluid is and whether its presence has any clinical implications. There are no reports 
indicating an increased incidence of thrombotic events in the retinal vasculature 
after retinal detachment. Nevertheless, retinal blood flow in eyes with rhegmatoge-
nous retinal detachment has been shown to be severely impaired,18,19 resulting in 
prolonged retinal circulation times. Activation of the blood coagulation cascade by 
TF may have caused this phenomenon. Another interesting possibility is that increa-
sed TF expression may reflect tissue injury after retinal detachment. It was shown 
that TF gene expression is increased after experimental retinal detachment5 and 
that TF was detected in the normal human retina.4 We speculate that increased TF 
levels after RRD may result from breakdown of the blood-retinal barrier whereby 
retinal pigment epithelial cells and/or other retinal cells release TF into the subreti-
nal space. This hypothesis is further supported by our findings showing that patients 
with high TF activity had a significant longer duration of macular detachment than 
those with low TF activity. Moreover, there was a trend that patients in the former 
group had a worse preoperative visual acuity. A larger prospective study needs to 
be conducted to draw conclusions concerning the monitoring of tissue damage after 
RRD by the measurement of TF activity. 

Since blood coagulation is the first phase in the wound healing response, it may 
initiate the early changes that are responsible for the development of fibrotic mem-
branes that are characteristic for PVR. Clinical studies have shown that intraocular 
hemorrhage during or after surgery are among the most important clinical risk fac-
tors for the development of PVR.12,13 In addition, several components of the coagu-
lation cascade have been identified in PVR membranes including fibrin.20,21 Fibrin 
clots may provide a scaffold for cellular attachment and for the proliferation of RPE 
cells and glial cells.22 Although many studies have shown the involvement of com-
ponents of the coagulation cascade in the pathophysiology of PVR, we could not 
detect any significant differences in TF activity between patients with an uncompli-
cated RRD and patients who developed postsurgical PVR. 

Although some of our clinical findings suggest that tissue injury following RRD 
may have caused high TF activity, the origin of TF in the subretinal fluid samples 
may also be plasma-derived. Currently, several sources of blood-borne TF have been 
proposed. Most reports have focused on circulating TF-containing microparticles, 
which are circulating cell fragments derived from cells undergoing activation or 
apoptosis.23 These are considered to derive mostly from platelets and activated 
circulating monocytes. Monocytes themselves have also been claimed as a source of 
circulating TF,24 and are known to invade the subretinal space after RRD. The pres-
ence of soluble TF in plasma has also been suggested but has not been generally 
accepted today. However, we showed that the supernatants of subretinal fluid 
specimens exerted considerable procoagulant activity by the action of TF. 
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In conclusion, we have shown for the first time that subretinal fluid collected from 
patients with RRD exerts high procoagulant activity, whereas procoagulant activity 
of vitreous fluids from various ocular conditions was negligible. Our findings indicate 
that TF activity may reflect tissue damage following RRD, although a large prospec-
tive study is needed to evaluate its clinical significance. 
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Abstract 

Purpose: To investigate the association between soluble apoptosis and adhesion 
molecules and the development of proliferative vitreoretinopathy (PVR) after reat-
tachment surgery for rhegmatogenous retinal detachment (RRD). 
Methods: A multiplex immunoassay was used to measure soluble Fas (sFas), sFas 
ligand (sFasL), soluble intercellular adhesion molecule-1 (sICAM-1), and soluble 
vascular cell adhesion molecule-1 (sVCAM-1) levels in 55 subretinal fluid samples 
collected during scleral buckling surgery for primary RRD. Seventeen patients who 
developed a redetachment due to postoperative PVR after reattachment surgery 
(PVR group) were compared with age-, sex-, and storage-time–matched RRD sam-
ples from 38 patients with an uncomplicated postoperative course (RRD group). Ten 
vitreous samples from patients with macular hole and ten vitreous samples from 
eye bank eyes served as additional controls. 
Results: A 2- to 3-fold increase in levels of sFas, sFasL, sICAM-1, and sVCAM-1 was 
found in the PVR group compared with those of the RRD group (P < 0.05 for all ana-
lytes), as well as a 5- to 20-fold increase in the PVR group compared with those of 
additional control groups (P < 0.001 for all analytes). Significant associations (P < 
0.001) were found between sFas and both sICAM-1 (r = 0.84) and sVCAM-1 (r = 
0.93) and between sFasL and both sICAM-1 (r = 0.82) and sVCAM-1 (r = 0.85). In 
addition, sFas, sFasL, and sVCAM-1 were significantly correlated (P < 0.05) with the 
extent and duration of retinal detachment. 
Conclusions: These findings indicate that an increased expression of soluble apop-
tosis and adhesion molecules at the time of primary retinal detachment surgery is 
associated with the future development of PVR. 
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Introduction 

Proliferative vitreoretinopathy (PVR), the primary cause of failure of retinal detach-
ment surgery, is an eye-sight-threatening condition that is characterized by in-
traretinal gliosis and the formation of cellular membranes on both sides of the ret-
ina.1,2 The retinal pigment epithelial (RPE) cell is considered to be a critical cell type 
in the formation of PVR membranes. It has been shown that already shortly after 
onset of rhegmatogenous retinal detachment (RRD) RPE cells beneath a detached 
retina may leave the monolayer and start proliferating and migrating.3,4 The exact 
mechanism by which only in a small minority of patients with RRD does the growth 
of RPE cells lead to postoperative PVR is unknown. We have previously suggested 
that PVR-affected patients lack a mechanism that stimulates apoptosis of uncon-
trolled RPE cells shortly after RRD onset.5 Ligation of the cell surface receptor Fas by 
its ligand FasL has been shown to induce apoptosis in proliferating RPE cells, 
whereas nonproliferating RPE cells also express Fas but were resistant to Fas liga-
tion.6 The Fas/FasL system may thus play a role in the removal of excessive RPE cells 
after RRD onset, and it therefore seems plausible that a defective Fas/FasL system 
may predispose to PVR development. 

So far, previous work has focused on the identification of apoptosis in patients 
with established PVR. Apoptotic cell nuclei were detected in epiretinal membranes 
of patients with PVR,7 and Fas expression has been reported in traction membranes 
in traumatic PVR.8 Furthermore, vitreous Fas and FasL mRNA were detected in pa-
tients with retinal detachment with and without PVR.9 Interestingly, both Fas and 
FasL also exist in soluble forms, sFas and sFasL. sFas inhibits Fas-mediated apop-
tosis,10 whereas the function of sFasL is controversial. It has been demonstrated 
that sFasL is a functional molecule that is capable of inducing apoptosis in presensi-
tized cells.11 On the other hand, there is also abundant evidence that sFasL is anti-
apoptotic by binding the receptor protein Fas, thereby interfering with the induc-
tion of apoptosis by the membrane-bound form of FasL.12–15 Whether sFasL is a 
death promoter or death inhibitor probably depends on various factors such as the 
microenvironmental context and trimerization of the ligand.11 

Intraocular levels of sFas and sFasL have been demonstrated to be significantly 
elevated in patients with active uveitis,16 suggesting that both molecules may also 
have proinflammatory properties. Moreover, in vitro studies have shown that the 
ligation of Fas resulted in increased expression of intercellular adhesion molecule 
(ICAM)-1 and vascular cell adhesion molecule (VCAM)-1.17 Both ICAM-1 and VCAM-1 
mediate the recruitment of inflammatory cells to sites of injury, and their soluble 
forms have been shown to be increased in patients with PVR.18 The Fas/FasL system 
may thus also be indirectly involved in the exaggerated inflammatory response that 
underlies PVR development. 
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In this study, we have detected and quantified the expression of sFas, sFasL, sICAM-
1 and sVCAM-1 in subretinal fluid samples of patients who underwent scleral buck-
ling surgery for primary RRD. Patients who developed a redetachment due to PVR 
were compared with age-, sex-, and storage-time–matched control patients who 
had an uncomplicated postoperative course during the overall follow-up period. We 
found that significantly increased levels of sFas, sFasL, sICAM-1 and sVCAM-1 were 
associated with the future development of PVR. 

Methods 

Patients 

In our department subretinal fluid samples are routinely obtained during scleral 
buckling surgery for primary RRD and transferred to the BioBank Maastricht, where 
they are aliquoted in 50 μL portions. All samples in this study were collected be-
tween 2003 and 2008. In this time frame, a total of 232 samples were collected. Of 
these, 32 samples represented patients who developed a redetachment due to PVR 
later on during the postoperative course. Of these, we excluded 3 patients with 
preoperative vitreous hemorrhage, 3 patients with preoperative trauma, and 3 
patients because of late PVR development (>2½ months after reattachment sur-
gery). Furthermore, 6 patients were excluded due to low sample volumes (<50 µL) 
or contamination with blood. Finally, 17 samples from patients who developed a 
redetachment due to PVR within 2½ months after scleral buckling surgery for pri-
mary RRD were included in the study (defined as the PVR group). These were com-
pared with 38 samples from patients who did not develop a redetachment during 
the total follow-up period, i.e., patients with an uncomplicated postoperative 
course (defined as the RRD group). The samples from both groups were matched for 
age, sex, and storage time. None of the included patients had preoperative uveitis 
or autoimmune disease, whereas none of the diabetics (n = 5) had diabetic reti-
nopathy. 

For all these patients, we collected demographic variables and potential clinical 
risk factors for the development of postoperative PVR (Table 1), and the following 
clinical variables: follow-up time, occurrence of a redetachment, postoperative PVR 
grade, and preoperative and final postoperative best-corrected Snellen visual acu-
ity. Retinopexy by intraoperative cryotherapy was performed in 64% of patients. In 
the majority of patients cryotherapy was applied two to three times around the 
retinal break. For statistical analysis, Snellen visual acuity was transformed into 
logMAR (logarithm of minimal angle of resolution) visual acuity. PVR was graded 
according to the Classification of Retinal Detachment with PVR.19 Data were collec- 
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Table 1 Demographics and Potential Clinical Risk Factors for PVR 

Potential Clinical Risk Factor RRD 
(n=38) 

PVR 
(n=17) 

Univariate 
Testing 

Age in years 
 Median (range) 

 
60 (43 – 72) 

 
59 (43 – 72) 

 
NS 

Sex, % 
 Female 
 Male 

 
29 
71 

 
29 
71 

 
NS 

Size of retinal detachment in quadrants 
 Median (range) 

 
2 (1 – 3) 

 
2 (1 – 4) 

 
NS 

Number of retinal defects 
 Median (range) 

 
1.5 (1 – 5) 

 
1 (0 – 4) 

 
NS 

Macular detachment, % 70 82 NS 
Preoperative logMAR visual acuity 
 Median (range) 

 
0.75 (0.05 – 2.52) 

 
1.77 (0.10 – 2.52) 

 
P = 0.046 

Detachment duration in days 
 Median (range) 

 
5 (1 – 75) 

 
7 (1 – 58) 

 
NS 

Preoperative PVR grade 
 Median (range) 

 
1 (0 – 3) 

 
2 (0 – 3) 

 
NS 

Diabetes mellitus, % 11 6 NS 
Preoperative myopia > 5D, % 17 31 NS 
Preoperative lens status, % 
 Pseudophakia 
 Aphakia 

 
16 
0 

 
35 
0 

 
NS 
NS 

Preoperative uveitis, % 0 0 NS 
Preoperative vitreous hemorrhage, %  0 0 NS 
Preoperative cryotherapy, % 0 0 NS 
Preoperative trauma, % 0 0 NS 

D = Diopters, NS = not significant. 

 
 
 
ted as 0 (no PVR), 1 (grade A), 2 (grade B), 3 (grade C), and 4 (grade D). Duration of 
retinal detachment was defined as the interval between the onset of symptoms and 
reattachment surgery and was estimated according to a precise history of patients’ 
symptoms. 

As a separate control, we also included 10 vitreous samples from 10 patients 
who underwent pars plana vitrectomy for macular hole and 10 vitreous samples 
obtained from 10 eye bank eyes with consent for research. The study was per-
formed with the agreement of the University Hospital Maastricht Medical Ethics 
Committee. All patients gave their informed consent before inclusion in the study 
and after the nature of the study was explained. The study adhered to the tenets of 
the Declaration of Helsinki. 
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Specimens 

Undiluted subretinal fluid samples were obtained during scleral buckling surgery for 
primary RRD as described previously.20,21 Before the incision, scleral and choroidal 
vessels were carefully cauterized. A cotton tip was used to remove any macroscopic 
blood that surrounded the incision opening. Subretinal fluid samples were collected 
from the surface of the sclera with the use of a 25-gauge bent needle. Undiluted 
vitreous samples were obtained by conventional three-port, closed vitrectomy by 
manual suction at the start of the surgical procedure before opening the infusion 
line. Samples were taken from the core of the vitreous body. 

Vitreous samples from eye bank eyes were obtained from the Cornea Bank Am-
sterdam and were isolated within 24 hours after death. The donors did not have any 
known eye disease and deceased as the result of trauma, cerebrovascular event, or 
cardiac or respiratory failure. All samples were collected in sterile tubes, immedi-
ately stored at our BioBank at -80ºC, and thawed directly before analysis. Samples 
that were contaminated with macroscopic hemorrhage were discarded. Sample 
volumes ranged between 50 and 300 μL for subretinal fluid and between 50 and 
1,300 μL for vitreous fluid. 

Multiplex Immunoassay 

sFas, sFasL, sVCAM-1, and sICAM-1 were measured with diagnostic process soft-
ware (Luminex-100 device; Luminex, Austin, TX) using a commercial multiplex im-
munoassay kit (Millipore, Billerica, MA). The assay was run according to the instruc-
tions of the manufacturer. In summary, the premixed beads coated with the target 
antibodies were incubated for 120 minutes at room temperature with premixed 
standards or with subretinal fluid or vitreous fluid (25 µL). After repeated washings, 
biotinylated detection antibodies were added for an additional 60 minutes. Subse-
quently, streptavidin-phycoerythrin was added to the wells. After incubation for 30 
minutes, the wells were washed twice, the beads were resuspended in 100 µL 
sheath fluid, and fluorescence intensity was measured. Data collection and analysis 
of the data from all assays were performed (software from Bioplex Manager 4.1.1, 
Bio-Rad, Hercules, CA) using five-parameter curve fitting. Levels of sFasL below the 
detection limit were assigned the lowest value from the standard curve, whereas 
sICAM-1 levels above the detection limit were assigned the highest value from the 
standard curve because remeasurements were not possible, given the limited 
amount of sample. For statistical analysis, concentrations below or above the detec-
tion limit were converted to a value 0.5-fold the lowest value or 2.0-fold the highest 
value of the calibration curve, respectively. 
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Statistics 

Samples were divided into 4 groups: patients who developed a redetachment due 
to PVR within 2½ months after scleral buckling surgery (the PVR group), patients 
with an uncomplicated postoperative course after reattachment surgery (the RRD 
group), patients who underwent pars plana vitrectomy for macular hole, and eye 
bank eyes. The latter two groups served as additional controls. Since data were not 
normally distributed, nonparametric tests were used for statistical analysis. Analyte 
levels between more than two groups were compared using the Kruskal-Wallis test, 
and levels between two groups were analysed using the Mann-Whitney U test. 
Correlations were determined by the Spearman rho test. To compare clinical vari-
ables between the PVR group and the RRD group, the X2 test and the Mann-Whitney 
U test were used as appropriate. Statistical analysis was performed using an algo-
rithm, input-output module software (SPSS for Windows, version 16.0; SPSS, Chi-
cago, IL). Differences were considered significant at P < 0.05, with two-tailed testing. 

Results 

Demographics and Clinical Results 

sFas, sFasL, sVCAM-1, and sICAM-1 levels were quantified by multiplex immunoas-
say in subretinal fluid samples of 55 patients who underwent scleral buckling sur-
gery for primary RRD. Initial reattachment was achieved in all 55 cases. Seventeen 
patients who developed a redetachment due to postoperative PVR were compared 
with 38 patients with an uncomplicated postoperative course. In the PVR group, 
there were 5 women (29%) and 12 men (71%) with a median age of 59 years (range, 
43 – 72 years). Of these 17 patients with postoperative PVR, 9 patients were classi-
fied with PVR grade B, 7 with PVR grade C, and 1 with PVR grade D. The median time 
interval between reattachment surgery and redetachment due to postoperative 
PVR was 35 days (range, 7 – 80 days) and the median follow-up time was 21 months 
(range, 3 – 80 months). The RRD group consisted of 11 women (29%) and 27 men 
(71%) with a median age of 60 years (range, 43 – 72 years). Their median follow-up 
time was 8 months (range, 3 – 80 months). With respect to potential preoperative 
clinical risk factors for the development of PVR (Table 1), only median preoperative 
logMAR visual acuity was significantly worse in the PVR group (1.77; range 0.10 – 
2.52) compared with that of the RRD group (0.75; range 0.05 – 2.52) (Mann-
Whitney U test; P = 0.046). There was a trend toward a higher preoperative PVR  
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Figure 1 Box-and-whisker plots of (A) sFas and (B) sFasL levels in subretinal fluid samples from patients 
with primary RRD. Patients who developed a redetachment as a result of postsurgical PVR (n = 17, PVR 
group) were compared with controls who had an uncomplicated retinal detachment during the overall 
follow-up period (n = 38, RRD group). Vitreous fluids from patients with macular hole (n =10, MH group) 
and eye bank eyes (n = 10, EBE group) served as additional controls. **PVR versus RRD, P < 0.05; PVR 
versus MH, P < 0.001; PVR versus EBE, P < 0.001, *RRD versus MH, P < 0.001; RRD versus EBE, P < 0.001. 
Box: lower and upper quartiles; horizontal line: the median. 
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Figure 2 Box-and-whisker plots of (A) sICAM-1 and (B) sVCAM-1 levels in subretinal fluid samples from 
patients with primary RRD. Patients who developed a redetachment as a result of postsurgical PVR (n = 
17, PVR group) were compared with controls who had an uncomplicated retinal detachment during the 
overall follow-up period (n = 38, RRD group). Vitreous fluids from patients with MH (n =10, MH group) 
and EBE (n = 10, EBE group) served as additional controls. **PVR versus RRD, P < 0.05; PVR versus MH, P 
< 0.001; PVR versus EBE, P < 0.001, *RRD versus MH, P < 0.001; RRD versus EBE, P < 0.001. Box: lower 
and upper quartiles; horizontal line: the median. 
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grade in the PVR group (P = 0.070). Detachment duration was similar between the 
RRD group (5 days; range, 1 – 75 days) and the PVR group (7 days; range 1 – 58 
days) (P = 0.808). 

sFas and sFasL Levels in Subretinal Fluid 

According to Kruskal-Wallis tests, significant differences between groups were 
found for both sFas (P < 0.0001) and sFasL (P < 0.0001). Detectable levels of sFas 
were determined in all samples investigated. Subretinal fluid levels of sFas from 
patients who developed a redetachment due to PVR were approximately 2.5-fold 
higher than those from eyes with RRD and an uncomplicated postoperative course 
(Mann-Whitney U test; P = 0.0396). In addition, subretinal fluid sFas levels of both 
the PVR group and the RRD group were significantly elevated compared with the 
macular hole group (P < 0.001 for both comparisons) and the eye bank eye group (P 
< 0.001 for both comparisons) (Fig. 1A). 

sFasL was detected in 16/17 (94%) patients in the PVR group, in 32/38 (84%) pa-
tients in the RRD group, in 0/10 (0%) patients with macular hole, and in 3/10 (30%) 
vitreous fluids from eye bank eyes. Median subretinal fluid sFasL concentrations 
were approximately twofold higher in the PVR group than those in the RRD group. 
This twofold difference between both groups at this early stage of investigation, i.e., 
at the time of primary RRD when no PVR has manifested yet, was highly significant 
(Mann-Whitney U test; P = 0.0057). Moreover, levels in samples from both retinal 
detachment groups were significantly higher compared with those in both the 
macular hole group and the eye bank eye group (P < 0.001 for all comparisons) (Fig. 
1B). 

sVCAM-1 and sICAM-1 Levels in Subretinal Fluid 

sVCAM-1 and sICAM-1 levels were significantly different between the four groups 
(Kruskal-Wallis test; P < 0.0001 for both analytes). For sICAM-1, 2/17 (12%) PVR 
samples and 2/38 (5%) RRD samples were above the upper detection limit, whereas 
sVCAM-1 was detected in all samples investigated. We found a two- to threefold 
increase in both sICAM-1 and sVCAM-1 levels in the PVR group compared with lev-
els in the RRD group (Mann-Whitney U test; P = 0.0056 and P = 0.0414, respec-
tively). Furthermore, levels of both adhesion molecules in the PVR group and the 
RRD group were significantly elevated (up to 20-fold) compared with levels in the 
macular hole group and the eye bank eye group (P < 0.001 for all comparisons) (Figs. 
2A, 2B). The levels of all soluble factors investigated (sFas, sFasL, sICAM-1, sVCAM-
1) are summarized in Table 2. 
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Correlations between Soluble Factors and Clinical Variables 

There was a strong positive correlation between sFas and sFasL (Spearman rho test; 
r = 0.89; P < 0.0001) and sVCAM-1 and sICAM-1 (r = 0.75; P < 0.0001) (Figs. 3A, 3B). 
Moreover, we found significant associations (P < 0.0001) between sICAM-1 and 
both sFas (r = 0.84) and sFasL (r = 0.82) and between sVCAM-1 and both sFas (r = 
0.93) and sFasL (r = 0.85) (Figs. 3C – F). When comparing the soluble factors with 
clinical variables, we found that sFas, sFasL, and sVCAM-1 levels were significantly 
correlated (P < 0.05) with detachment duration (r = 0.45, r = 0.31, and r = 0.39, re-
spectively), duration of macular detachment (r = 0.55, r = 0.37, and r = 0.54), and 
the number of quadrants involved (r = 0.34, r = 0.30, and r = 0.32). Both sFasL and 
sICAM-1 were not associated with preoperative PVR, whereas its correlations with 
sFas and sVCAM-1 were low (r = 0.31 and r = 0.32, respectively) (P < 0.05). There 
were no significant correlations between sICAM-1 and other preoperative clinical 
variables. Final visual acuity was significantly better in the RRD group (median log-
MAR visual acuity 0.22; range 0 – 1.30) than that in the PVR group (median logMAR 
visual acuity 1.10; range 0 – 2.52) (Mann-Whitney U test; P < 0.0001). Preoperative 
visual acuity (r = 0.41; P = 0.002) and sICAM-1 (r = 0.32; P = 0.017) were significantly 
associated with final visual outcome, whereas sFas, sFasL, and sVCAM-1 were not (r 
= 0.21, r = 0.21, and r = 0.16, respectively; P > 0.05). 
 
 
Table 2 Summary of sFas, sFasL, sICAM-1, and sVCAM-1 Levels in Retinal Detachment, Macular Hole, and 
Eye Bank Eyes  

Analyte 
(pg/mL) 

PVR 
(SRF; n=17) 

RRD 
(SRF; n=38) 

Macular Hole 
(VF; n=10) 

Eye Bank Eyes 
(VF; n=10) 

sFas 
 Median 
 (range) 
 

 
3688** 

(271 – 17677) 

 
1524* 

(446 – 22600) 

 
370 

(104 – 482) 

 
576 

(321 – 1864) 

sFasL 
 Median 
 (range) 
 

 
40** 

(<9.5 – 347) 

 
19* 

(<9.5 – 293) 

 
<9.5 

(<9.5 – <9.5) 

 
<9.5 

(<9.5 – 15) 

sICAM-1 
 Median 
 (range) 
 

 
27540** 

(3707 – >245000) 

 
11434* 

(1629 – >245000) 

 
1336 

(635 – 2523) 

 
2149 

(777 – 7297) 

sVCAM-1 
 Median 
 (range) 
 

 
36436** 

(6883– 114189) 

 
19347* 

(7232– 149754) 

 
3252 

(2471– 6622) 

 
5613 

(2836– 21862) 

SRF: subretinal fluid, VF: vitreous fluid. **PVR vs RRD P < 0.05; PVR vs macular hole P < 0.001; PVR vs eye 
bank eyes P < 0.001, *RRD vs macular hole P < 0.001; RRD vs eye bank eyes P < 0.001. 
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Discussion 

In the present study, subretinal fluid levels of sFas, sFasL, sICAM-1, and sVCAM-1 
were significantly increased in patients who developed postoperative PVR com-
pared with patients with an uncomplicated follow-up after primary retinal detach-
ment surgery. To illustrate, we found a two- to threefold increase in levels of all 
soluble factors investigated in the PVR group compared with that in the RRD group, 
and even a 5- to 20-fold increase compared with the additional control groups (Figs. 
1, 2; Table 2). Furthermore, strong associations (r ≥ 0.75) were found between sFas, 
sFasL, sICAM-1, and sVCAM-1. 

Previous studies have implicated an abnormal regulation of apoptosis in the 
pathogenesis of proliferative vitreoretinal disorders. Research has focused on the 
detection of apoptotic cells in epiretinal membranes of patients with established 
PVR.7–9,22,23 Most apoptotic cells appeared to be from RPE cell origin,22,23 and the 
Fas/FasL system has been assigned an important role in RPE cell death.9 Shifting the 
balance toward apoptosis in PVR membranes was suggested as a novel therapeutic 
approach to prevent the uncontrolled proliferation of cells in this disorder. 

In contrast to these reports, the time point at which samples were obtained and 
the sampling specimen (subretinal fluid instead of vitreous) differed in the present 
study. In retinal detachment, it was shown that within 24 hours after loss of contact 
between the pigment epithelium and the photoreceptor layer, RPE cells begin to 
proliferate and dedifferentiate.3 Therefore, we believe that sampling at a time close 
to the onset of primary RRD and in the near vicinity of the RPE may provide clues as 
to which local factors may initiate the uncontrolled growth of cells that lead to PVR 
membrane formation. Therefore, a comparison was made between subretinal fluids 
from patients in whom PVR develops after reattachment surgery and from patients 
with an uncomplicated follow-up. We used vitreous fluids from donated eyes and 
from patients with macular hole as additional controls for our subretinal fluid sam-
ples, as described earlier.5 Although vitreous differs in composition from subretinal 
fluid, and thus cannot function as an ideal control specimen, it has been suggested 
that vitreous is the main source of subretinal fluid in recent onset RRD.24 

Since our goal was to identify soluble mediators that might contribute to the 
initial stages of PVR development, it was of utmost importance to have similar base-
line characteristics between those patients who developed PVR and those who did 
not. Therefore, we decided to match both groups for age, sex, and storage time of 
the sample. Although other preoperative variables may also be considered for 
matching, our subretinal fluid database was not large enough to allow us to do so. 
Nevertheless, no significant differences with respect to important preoperative 
clinical characteristics such as extent and duration of retinal detachment were de-
tected between both groups, except for preoperative visual acuity. This may be ex- 
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Figure 3 Correlations between various analytes in subretinal fluid samples after primary RRD. Correlation 
between (A) sFas and sFasL, (B) sICAM-1 and sVCAM-1, (C) sICAM-1 and sFas, (D) sICAM-1 and sFasL, (E) 
sVCAM-1 and sFas, (F) sVCAM-1 and sFasL. sICAM-1 levels that were above the detection limit are not 
shown in the figure. 

 
 

plained in part by the higher percentage of patients with a detached macula in the 
PVR group compared with the RRD group that, however, did not reach statistical 
significance (P = 0.347). Moreover, the difference in logMAR preoperative visual 
acuity is less evident when mean levels instead of median levels are taken into ac-
count (PVR group 1.62; RRD group 1.10) (data not shown). The introduction of bias 
was also minimized by exclusion of patients with preoperative conditions known to 
induce PVR, such as preoperative vitreous hemorrhage and preoperative trauma.  
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Furthermore, none of the patients had uveitis or autoimmune disease, and none of 
the diabetics had signs of diabetic retinopathy. The correlations between increased 
levels of soluble apoptotic molecules as well as adhesion molecules and PVR deve-
lopment may thus suggest their involvement in the initial stages of this fibrotic eye 
condition. Of note, the percentage of patients with postoperative PVR in our data-
base (13.7%) was somewhat higher than numbers reported in the literature. This 
higher incidence may be explained by the fact that we did not collect subretinal 
fluid in patients with small or shallow detachments, i.e., retinal detachments at low 
risk for developing PVR. 

Fas is expressed on a wide variety of cells such as inflammatory cells, which are 
known to infiltrate the subretinal space after retinal detachment, and resident ocu-
lar cells.8,25–27 Because all these cells have the potential to transcribe Fas, the source 
of sFas in our subretinal fluid samples remains to be clarified. It has been postulated 
that increased shedding of the receptor protein Fas from the cell membrane, which 
leads to the secretion of the antiapoptotic sFas, may downregulate the killing activ-
ity of FasL-bearing cells10; however, the surface expression of FasL is limited to resi-
dent cells in immune privileged sites and activated immune cells.28–30 In the retina, 
FasL is expressed on RPE cells and throughout the retina.30,31 Moreover, RPE cells 
have been shown to upregulate FasL in areas with subretinal inflammatory infil-
trates, whereas cultured RPE cells were capable of releasing both the membrane 
form of FasL (mFasL) in vesicles and sFasL.32 Although FasL expression on epithelial 
cells appears to be an important mechanism for the maintenance of immune privi-
lege in the eye by inducing apoptosis of infiltrating Fas-positive immune cells,30 the 
exact role of its soluble form remains to be clarified. In contrast to studies that have 
demonstrated the apoptosis-inducing properties of sFasL,11,33 there is abundant 
evidence that its killing capacity is greatly reduced or even may counteract the in-
duction of apoptosis by mFasL.12–15 Taken together, the source and function of both 
sFas and sFasL in the subretinal space after the neurosensory retina separates from 
the underlying RPE are unclear and should be determined in future studies. 

Because the relationship between increased soluble mediators and PVR devel-
opment may represent only a correlation, alternative explanations for our findings 
must be considered. There is a large body of evidence that the separation of photo-
receptors from the RPE leads to disruption of normal photoreceptor homeostasis, 
and the Fas-mediated extrinsic death pathway and the mitochondrial intrinsic death 
pathway have both been assigned an important role in photoreceptor loss after 
retinal detachment.31,34–36 In addition, these studies have shown that both pathways 
are activated in a time-dependent fashion after retinal detachment. Even though 
the correlations between sFas/sFasL and the extent and duration of retinal detach-
ment in our study were weak, these findings may point to a protective role in the 
survival of photoreceptors after RRD. In line with this hypothesis, the intrinsic pro-
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duction of the antiapoptotic sFas after hypoxic-ischemic events in the brain was 
suggested to protect central nervous system cells from further damage.37 

Both sFas and sFasL have also been attributed proinflammatory properties in 
addition to their roles in apoptosis. The hypothesis that the Fas/FasL system merely 
confers immune privilege has been challenged by several studies demonstrating 
that sFasL may induce a granulocytic response.11,38,39 Furthermore, sFas has been 
found in a number of conditions of acute and chronic inflammation, including car-
diovascular, respiratory, and autoimmune disease.40–43 In the eye, the levels of sFas 
and sFasL in the vitreous of patients with active uveitis were significantly higher 
than levels in those with inactive uveitis,16 whereas in patients who underwent 
penetrating keratoplasty the incidence of detectable sFasL was higher in those who 
had immune reactions than that in those without immune reactions.44 

Next to the increased levels of sFas and sFasL, we observed significantly ele-
vated levels of the proinflammatory adhesion molecules sICAM-1 and sVCAM-1 in 
the PVR group compared with the RRD group (Fig. 2). Both adhesion molecules have 
been shown to be elevated in vitreous of patients with PVR compared with that in 
patients with macular hole in a prior study,18 whereas ICAM-1 expression was found 
on PVR membranes.45 Since ICAM-1 and VCAM-1 have a role in leukocyte adhesion 
and migration into the injured tissue, both molecules may be involved in the early 
events that elicit an inflammatory response that is associated with the future devel-
opment of PVR. Elevated sICAM-1 levels in the present study confirm the results of 
a noncommercial sICAM-1 multiplex assay that we performed elsewhere in a similar 
population (data submitted). The local production of adhesion molecules by resi-
dent ocular cells has been suggested since serum levels in patients with PVR were 
not increased.46 Retinal endothelial cells and RPE cells are possible sources of 
sCAMs in patients with retinal detachment; in vitro studies have demonstrated the 
increased expression of both ICAM-1 and VCAM-1 in these cell types in the presence 
of inflammatory cytokines.47,48 Moreover, retinas separated from the RPE in ex-
perimental retinal detachment showed increased ICAM-1 and VCAM-1 gene tran-
scription.49 

Interestingly, we found strong correlations between sFas/sFasL and both adhe-
sion molecules (Fig. 3). There is scarce evidence that Fas activation may lead to the 
upregulation of adhesion molecules. In vitro studies have shown that the ligation of 
Fas resulted in the increased expression of ICAM-1 and VCAM-1 on endothelial 
cells.17 The Fas/FasL system may thus be indirectly involved in the recruitment of 
inflammatory cells to sites of injury, although in vitro studies are needed to investi-
gate whether resident ocular cells are capable of secreting ICAM-1 and VCAM-1 
after activation of the Fas/FasL system. Alternatively, the strong correlations be-
tween apoptotic and adhesion molecules may also be explained by the activation of 
resident ocular cells after RRD onset, leading to the simultaneous secretion of sFas, 
sFasL, sICAM-1, and sVCAM-1. 



C H A P T E R  4  

 84 

To summarize, our findings show that levels of sFas, sFasL, sICAM-1, and sVCAM-1 
are significantly higher in patients who developed PVR compared with levels in 
patients with an uncomplicated RRD. The elevated levels of soluble apoptotic fac-
tors and soluble adhesion molecules may point to their involvement in the cellular 
processes that occur in the subretinal space after retinal detachment. The exact 
roles of the soluble forms of Fas/FasL as death promoters, death inhibitors, or in-
ducers of inflammation need further clarification. 
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Abstract 

Background: In proliferative vitreoretinopathy (PVR), a non-angiogenic eye disease 
that is characterized by the formation of mainly avascular membranes, vascular 
endothelial growth factor (VEGF) levels are found to be up-regulated. Recently, it 
was discovered that VEGF is alternatively spliced to form the angiogenic (VEGFxxx) 
and anti-angiogenic (VEGFxxxb) family of isoforms. Previous studies on expression of 
VEGF in PVR samples have not distinguished between the two families of isoforms. 
Methods: We measured total VEGF and VEGFxxxb levels in subretinal fluid of pa-
tients with PVR (n = 10) and patients with uncomplicated rhegmatogenous retinal 
detachment (RRD) (n = 27) using enzyme-linked immunosorbent assay. 
Results: We found total VEGF levels to be 2- to 3-fold elevated in the PVR group as 
compared to the RRD group (P = 0.047). Anti-angiogenic VEGFxxxb isoforms pre-
dominated (>60% of total VEGF) in the majority of RRD and PVR samples investi-
gated, although a wide variability of isoform ratios was observed within both 
groups. 
Conclusions: The absence of an increased ratio of VEGFxxx to VEGFxxxb in patients 
with PVR as compared to patients with uncomplicated RRD may explain a lack of 
blood vessels in PVR membranes. Elevated VEGF levels indicate that this cytokine 
may play a role in the pathogenesis of PVR that is not related to angiogenesis. 
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Introduction 

In human eye disease, vascular endothelial growth factor (VEGF) has been attrib-
uted an important role in ocular angiogenesis, such as in diabetic retinopathy, reti-
nopathy of prematurity, and wet age-related macular degeneration.1 Surprisingly, it 
has also been demonstrated in non-angiogenic ocular diseases. The association of 
VEGF with the pathogenesis of proliferative vitreoretinopathy (PVR), a proliferative 
disorder that is characterized by the formation of avascular epiretinal membranes 
(ERMs) and subretinal membranes, has been investigated by several groups. VEGF 
levels were found to be higher in PVR subretinal fluid and vitreous fluid samples 
compared to uncomplicated rhegmatogenous retinal detachment (RRD) controls.2,3 
Contradictory results have been reported for the association between VEGF levels 
and the duration of retinal detachment,2,4,5 whereas no correlations were demon-
strated between VEGF and the extent of retinal detachment.2,4 Retinal pigmented 
epithelial (RPE) cells and retinal glia, which constitute the major components of PVR 
membranes and membranes in ischemic retinopathies,6 each produce VEGF.7,8 In-
terestingly, ERMs in ischemic retinopathies, such as proliferative diabetic retinopa-
thy (PDR), are vascularized, while those associated with PVR are mainly avascular. 
This finding raises the question why PVR membranes lack blood vessels if VEGF is 
present. 

The mRNA encoding VEGF is differentially spliced from eight exons to encode at 
least six different proteins.9 These proteins are named according to the amino acid 
number of the monomer (VEGF121, VEGF165, VEGF189, etc), generically termed 
VEGFxxx.

10 Recently, it was discovered that VEGF splicing in the terminal exon results 
in an almost identical family of sister isoforms, which leads to the production of 
proteins of the same length as the other forms, but with a different C-terminal 
amino acid sequence.11 This family has been termed VEGFxxxb. The receptor-binding 
domains and dimerisation domains are still intact in these new isoforms. The domi-
nant VEGFxxx isoform in most angiogenic states is VEGF165, whereas the dominant 
VEGFxxxb isoform appears to be VEGF165b, which binds to its receptor with the same 
affinity as VEGF165. However, instead of stimulating angiogenesis signaling, VEGFxxxb 
is actively anti-angiogenic due to the inhibition of the proliferative, migratory, and 
vasodilator effects of VEGF165.12 

It was the aim of this study to investigate the protein expression of VEGF and its 
pro-angiogenic and anti-angiogenic isoforms in subretinal fluid samples of patients 
with PVR compared to patients with uncomplicated RRD. 
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Methods 

Subretinal fluid samples of 37 patients who underwent scleral buckling surgery for 
primary RRD were collected for this study. Ten subretinal fluid samples from pa-
tients with preoperative PVR and 27 subretinal fluid samples from patients with 
uncomplicated RRD were obtained. None of the included patients had undergone 
previous vitreoretinal surgery. All samples were collected between May 2005 and 
January 2007. Undiluted subretinal fluid samples were obtained after scleral punc-
ture with a 25-gauge bent needle and before cryotherapy, as we described earlier.13 
Samples that were contaminated with macroscopic hemorrhage were discarded. All 
samples were collected in sterile Eppendorf tubes, immediately stored at -80˚C, and 
thawed immediately before analysis. Sample volumes ranged between 50 and 500 
µL. 

For all 37 patients, we recorded age, sex, preoperative best corrected Snellen 
visual acuity, macular involvement, duration and extent of detachment, diabetes 
mellitus, and the number and size of retinal defects. PVR was graded using the 1991 
classification of the Retina Society Terminology Committee.14 All PVR cases were 
grade B (n = 9) or grade C (n = 1) and were secondary to rhegmatogenous retinal 
detachments. The study adhered to the tenets of the Declaration of Helsinki and 
was performed with the agreement of the University Hospital ethics committee. All 
patients gave written informed consent before the surgical procedure and after the 
nature of the study was explained. 

All materials were provided by Sigma-Aldrich (Gillingham, UK), unless otherwise 
specified. VEGF ELISAs, VEGF165b protein and VEGF165 protein were provided by R&D 
Systems (Minneapolis, MN, USA). Total VEGF and VEGFxxxb concentrations in 
subretinal fluid were measured using a standard VEGF Duoset ELISA (#DY293) or a 
VEGFxxxb ELISA (#DY3045), as described earlier.15 Immulon 2HB plate (Thermo Life 
Sciences, Basingstoke, UK) were coated with 2 μg ml-1 mouse monoclonal anti-
VEGFxxxb antibody (R&D #MAb 3045) overnight. The plate was washed three times 
in phosphate-buffered saline +0.05% Tween after each step. Plates were blocked in 
Super block (Pierce Biotechnology, Rockford, IL, USA #37515) overnight. Subretinal 
fluids were diluted 2–10 times in 3% bovine serum albumin and incubated for 2 
hours and detected using 100 ng/ml goat polyclonal anti-VEGF biotinylated detec-
tion antibody (R&D #BAF 293) for 2 hours followed by streptavidin conjugated horse 
radish peroxidase and read at 450 nm after addition of 1 M H2SO4. Regarding speci-
ficity, the anti-VEGFxxxb antibody showed no cross-reactivity with rhVEGF206, 
rhVEGF-B167, rhVEGF-B186, rhVEGF-C, or rhVEGF-D, whereas the detection limit for 
the antibody was 12 pg/mL. Since a commercial ELISA for VEGFxxx was not available, 
its concentrations were calculated by subtracting VEGFxxxb from total VEGF. 

For statistical analysis, Snellen visual acuity was transformed into logMAR (loga-
rithm of minimal angle of resolution) acuity. Patients with PVR were compared to 
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patients with uncomplicated RRD. The nonparametric Mann-Whitney U test was 
used for ordinal variables such as growth factor level and duration of retinal de-
tachment. The chi-square test was used to compare nominal variables such as dia-
betes mellitus and sex. The Spearman’s rho test was used to test the correlation 
between the levels of total VEGF, VEGFxxxb, and VEGFxxx, with ordinal clinical vari-
ables. Moreover, we investigated the role of macular involvement and the extent of 
retinal detachment as possible confounding variables with respect to the associa-
tion between VEGF levels and the presence or absence of PVR. Differences were 
considered significant at P < 0.05, with two-tailed testing. 

Results 

Subretinal fluid samples from 37 patients were analyzed for total VEGF levels and 
VEGF isoform levels. Ten samples were obtained from patients with preoperative 
PVR. This group included 6 men (60%) and 4 women (40%) with a median age of 68 
years (range 22 – 83). Nine patients had PVR grade B and one patient had PVR grade 
CP2. The group of patients with uncomplicated RRD (n = 27) consisted of 18 men 
(67%) and 9 women (33%) with a mean age of 63 years (range 23 – 85). Between 
the two groups, there were no statistically significant differences with respect to 
age, sex, number and size of retinal defects and detachment duration. However, 
there was a significant difference in the median number of quadrants involved be-
tween the PVR group and the uncomplicated RRD group (P = 0.021; Mann-Whitney 
U test) (Table 1). Moreover, the macula was more often involved (90% vs. 48%) (P = 
0.021; chi-square test) and the median preoperative logMAR visual acuity was 
worse (1.77 vs. 0.60) (P = 0.007; Mann-Whitney U test) in the PVR group as com-
pared to the RRD group without PVR (Table 1). A negative correlation between 
VEGFxxx levels and the size of the retinal defect was found, although the correlation 
coefficient was low (r = -0.41) (P = 0.012; Spearman’s rho test). For the other clinical 
variables, we did not find any correlation with total VEGF or VEGFxxxb levels. 

Total VEGF levels were detected in all but one patient in the RRD group. We 
found total VEGF levels in the PVR group to be two- to threefold elevated as com-
pared to the RRD group. The median concentration of total VEGF in patients with 
PVR was 418 pg/mL (Q1, 180 pg/mL; Q3, 1306 pg/mL) and 186 pg/mL (Q1, 54 
pg/mL; Q3, 417 pg/mL) in patients with uncomplicated RRD. Analysis of these data 
revealed that the difference in total VEGF between these two groups reached statis-
tical significance (P = 0.047; Mann-Whitney U test) (Fig. 1). In addition, we investi-
gated whether there was a significant relationship between VEGF levels and pres-
ence versus absence of PVR after adjusting for baseline differences between both 
groups. In contrast to the extent of retinal detachment (i.e., the number of quad-
rants involved), macular involvement may be considered as a confounding variable  
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Table 1 Demographics and Clinical Variables 

Clinical Variable RRD 
(n=27) 

PVR 
(n=10) 

P value 

Age (years) 
 Median (range) 

 
63 (23 – 85) 

 
68 (22 – 83) 

 
NS 

Sex 
 Female 
 Male 

 
9 (33%) 

18 (67%) 

 
4 (40%) 
6 (60%) 

 
NS 
NS 

Diabetes mellitus 4 (15%) 0 NS 
Quadrants involved 
 Median (range) 

 
2 (1 – 3) 

 
2 (2 – 3) 

 
P = 0.021 

Number of retinal defects 
 Median (range) 

 
1 (0 – 3) 

 
1.5 (0 – 3) 

 
NS 

Size of retinal defects (optic disc diame-
ters) 
 Median (range) 

 
 

1.5 (0 – 3) 

 
 

1.25 (0 – 3) 

 
 

NS 
Duration of macular detachment (days) 
 Median (range) 

 
7 (2 – 180) 

 
6 (3 – 65) 

 
NS 

Macular detachment 13 (48%) 9 (90%) P = 0.021 
Preoperative logMAR visual  
acuity 
 Median (range) 

 
 

0.60 (0 – 2.52) 

 
 

1.77 (0.52 – 2.52) 

 
 

P = 0.007 

RRD, rhegmatogenous retinal detachment; PVR, proliferative vitreoretinopathy; NS, not significant; 
logMAR, logarithm of the minimum angle of resolution. 

 
 

because it influences the coefficient of VEGF. After multivariate analysis, however, 
the association between elevated VEGF concentrations and presence of PVR remai-
ned statistically significant (P = 0.024). 

We also determined the concentrations of VEGFxxxb and VEGFxxx to find out 
whether the development of PVR resulted in an alteration in the balance of VEGF 
isoforms. In 22/26 (85%) RRD samples and 10/10 (100%) PVR samples the anti-
angiogenic VEGFxxxb was detected (P = 0.188; chi-square test). The pro-angiogenic 
VEGFxxx was present in 10/26 (38%) RRD samples and 5/10 (50%) PVR samples (P = 
0.529; chi-square test). Median levels of VEGFxxxb and VEGFxxx were 290 pg/mL and 
169 pg/mL in the PVR group, respectively, and 93 pg/mL and <12 pg/mL in the RRD 
group, respectively. When comparing the ratio between pro-angiogenic and anti-
angiogenic VEGF isoforms, we found that the mean percentages of VEGFxxxb were 
similar between the RRD samples and the PVR samples (P = 0.937). Although there 
was a predominance of the anti-angiogenic isoforms in both groups, it is important 
to note that there was a wide variability between anti-angiogenic:pro-angiogenic 
VEGF ratios in both the RRD group (mean percentage VEGFxxxb 69%, range 0 – 100%) 
and the PVR group (mean percentage VEGFxxxb 64%, range 11 – 100%). This wide 
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distribution can be explained by very low VEGFxxxb levels (< 30% VEGFxxxb) in 7/26 
(27%) RRD samples and in 3/10 (30%) PVR samples. 

Discussion 

This is the first study that determined VEGF splice variants in subretinal fluid sam-
ples of patients with RRD and patients with PVR. We found that total VEGF protein 
levels were significantly higher in patients with preoperative PVR as compared to 
patients with uncomplicated RRD. Moreover, the ratios of anti-angiogenic 
VEGFxxxb:pro-angiogenic VEGFxxx were found to be similar between both groups, 
with a predominance of the anti-angiogenic isoforms (RRD group, 69%:31%; PVR 
group, 64%:36%), although a wide variability of these ratios was observed within 
both groups. 

VEGF splicing in the terminal exon results in an almost identical family of sister 
isoforms. The anti-angiogenic VEGFxxxb isoforms have about 96% homology with the 
pro-angiogenic VEGFxxx isoforms and were therefore not detectable by commercially 
available antibodies used in previous studies.9 This means that studies describing 
VEGF expression in epiretinal membranes, vitreous fluid samples, or subretinal fluid 
samples of patients with PVR published so far could not make the distinction be-
tween the pro- and anti-angiogenic VEGF isoforms. As a result, some studies con-
cluded that it was surprising that VEGF levels were high in an eye disease that is 
characterized by the formation of avascular membranes.16 

VEGFxxxb isoforms are endogenously produced in normal human tissues.12 They 
form over 50% of the total VEGF protein in lung (82%), colon (>95%), and skin 
(>95%)7. Over-expression of VEGF165b inhibited tumor cell-mediated migration and 
proliferation of endothelial cells in three different tumor types,17 suggesting that 
the mechanism of inhibition is caused by inhibiting angiogenesis rather than by a 
direct effect on tumor cell growth. It is thus the angiogenic switch from anti-
angiogenic VEGFxxxb isoforms to pro-angiogenic VEGFxxx isoforms that allows tumors 
to develop their own blood supply. 

Perrin et al.18 measured VEGF splice variants in vitreous fluid from patients who 
underwent vitrectomy for various ocular conditions. They found that VEGFxxxb iso-
forms accounted for 65% of total VEGF in the vitreous of patients with retinal de-
tachment and macular hole. In addition, in 6/18 (33%) vitreous samples obtained 
from this group of patients pro-angiogenic isoforms accounted for the majority of 
the total VEGF protein. Both observations are consistent with the data reported in 
our current study. In contrast to patients with retinal detachment or macular hole, 
the aforementioned study showed that the percentage of total VEGF in the vitreous 
that was inhibitory (i.e. VEGFxxxb) was significantly lower in patients with prolifera-
tive diabetic retinopathy.18 In the latter group, an angiogenic switch was observed 
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with VEGFxxxb levels dropping to only 12.5% of the total VEGF. We report that the 
anti-angiogenic VEGFxxxb isoforms comprise more than half of the total VEGF pro-
tein in subretinal fluid samples of both patients with PVR and patients with uncom-
plicated RRD. The absence of an angiogenic switch in these patients may explain a 
lack of blood vessels in PVR membranes. This hypothesis should however be treated 
with caution given the predominance of pro-angiogenic VEGF isoforms in a subset 
of our study population. On the other hand, there are several immunohistochemical 
studies confirming the presence of vascularisation in a substantial portion of PVR 
membranes.19,20 To illustrate, a vascular component, which consisted mostly of 
capillary-sized vessels that were clinically inapparent, was demonstrated in 28.6% of 
all PVR membranes investigated in one study.21 Further study with combined as-
sessment of a vascular component in PVR membranes and VEGF isoforms in corre-
sponding PVR samples is therefore warranted. 

Various studies have investigated whether VEGF played a role in the patho-
genesis of PVR. In line with our study, VEGF was found to be up-regulated in vitre-
ous or subretinal fluid samples of patients with PVR.2,3 Furthermore, VEGF staining 
was prominent in all or almost all PVR membranes investigated.16,22 The role of an 
imbalance between VEGF and pigment epithelium-derived factor (PEDF) in 
thepathogenesis of PVR has not been elucidated yet. Ogata et al.3 found increased 
VEGF concentrations and decreased PEDF concentrations in vitreous of PVR eyes,  
 
 

 
 
Figure 1 Box-and-whisker plot of total VEGF levels in subretinal fluid of patients with PVR (the PVR group) 
and patients with uncomplicated RRD (the RRD group). It is shown that total VEGF levels in the PVR group 
are significantly elevated as compared to the RRD group (P = 0.047). Box: lower and upper quartiles; 
horizontal line: the median. 
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similar to the inversion found in the vascularized form of fibrosis, i.e. PDR.23 Howe-
ver, our group could not confirm this inversion, since the VEGF-PEDF balance was 
found to be similar between PVR and controls.24 

Since specific antibodies were not available, none of these earlier studies have 
investigated VEGF splice variants, and it was hypothesized that VEGF may have 
functions other than inducing angiogenesis.16 This hypothesis is supported by grow-
ing evidence of a possible interaction of VEGF with non-endothelial cells in the eye. 
It was shown that RPE cells in situ, as well as RPE cells in epiretinal membranes and 
in culture, express VEGF receptors. In many ERMs, VEGF and its receptors were co-
localized, suggesting that an autocrine and/or paracrine mechanism may exist.16 
Other studies identified VEGF receptors on other non-endothelial cells in the eye 
such as on adult photoreceptor cells and Müller cells.25 The authors concluded that 
endogenous VEGF is implicated in the maintenance of the adult neural retina by 
supporting cell survival of these retinal cells. Interestingly, VEGF has also been 
shown to induce monocyte activation manifested by the induction of tissue factor 
and monocyte chemotaxis.26 The influx of a high number of macrophages in most 
PVR subjects in the first stage of the disease compared with PVR negative RRD pa-
tients underlines their importance in the pathogenesis of PVR, as was shown by 
Martin et al.27 Thus, VEGF probably exerts pleiotropic effects on diverse cell types 
such as RPE cells and monocytes, which are assumed to play major roles in the de-
velopment of PVR. 

In the current study, we only included patients with relatively mild, preopera-
tive PVR and found total VEGF levels to be significantly elevated in this group of 
patients as compared to patients without PVR. The only patient with PVR grade C 
had the highest total VEGF protein of all patients included (data not shown). There-
fore, there may be an even larger difference with more advanced PVR cases. Since 
our study is somewhat limited by small sample size, a study on VEGF isoforms in a 
larger series of PVR cases should elucidate the robustness of our data. Moreover, 
the availability of an antibody against the pro-angiogenic VEGF isoforms is needed 
to verify whether the pro- and anti-angiogenic isoforms add up. 

In conclusion, total VEGF levels were significantly higher in subretinal fluid sam-
ples of patients with PVR compared to patients with uncomplicated RRD without 
PVR. Even though several studies have shown an up-regulation of VEGF, its exact 
role remains unknown. We may have provided an explanation for a lack of blood 
vessels in PVR membranes by the identification of a predominance of anti-
angiogenic VEGFxxxb isoforms in RRD and PVR samples. Further investigations are 
however required to elucidate the high levels of pro-angiogenic VEGF isoforms in 
some of these patients. 
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Abstract 

Purpose: Interleukin (IL)-6, a multifunctional cytokine with regulatory functions in 
wound healing, and several chemokines have been implicated in the pathogenesis 
of proliferative vitreoretinopathy (PVR) following rhegmatogenous retinal detach-
ment (RRD). The exact role of these chemokines, their correlation with IL-6 after 
primary RRD and their association with the future development of PVR are not yet 
known. 
Methods: A multiplex immunoassay was used to determine 15 different chemoki-
nes and IL-6 in subretinal fluid samples obtained during scleral buckling surgery for 
primary RRD. Samples from patients with preoperative uveitis, preoperative trauma, 
or preoperative vitreous hemorrhage were excluded. Patients who developed a 
redetachment due to postsurgical PVR within 2½ months (n=21) were compared 
with controls who had an uncomplicated retinal detachment during the overall 
follow-up period (n=54). Controls were matched for gender, age, and storage time. 
Results: Levels of IL-6 (P = 0.001), MIF (P = 0.016), CCL2 (P = 0.041), CCL11 (P = 
0.012), CCL17 (P = 0.003), CCL18 (P = 0.007), CCL19 (P < 0.001), CCL22 (P < 0.001), 
CXCL8 (P = 0.027), CXCL9 (P = 0.007), and CXCL10 (P = 0.002) were significantly 
higher in patients who developed postoperative PVR after primary RRD than in 
patients with uncomplicated retinal detachment. A significant positive correlation 
was observed between IL-6 and both CCL22 (r = 0.538; P < 0.0001) and CXCL8 (r = 
0.645; P < 0.0001). 
Conclusions: Various chemokines and IL-6 are up-regulated in patients that develop 
fibrotic membranes following primary RRD-repair and may therefore be involved in 
the future development of postoperative PVR. 
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Introduction 

Failure to reattach the retina after surgical repair of rhegmatogenous retinal de-
tachment (RRD) is mostly due to proliferative vitreoretinopathy (PVR).1 This eyesight 
threatening disease is characterized by the formation of fibrotic membranes that 
usually ensue within 3 months after reattachment surgery. The biological processes 
that lead to the development of these contractile membranes show many similari-
ties with the normal wound healing response, in which inflammation plays a pivotal 
role.2 

Abundant evidence is available showing that inflammatory cytokines and in-
flammatory cells may underlie the pathological changes that ultimately lead to the 
development of PVR. Several immunohistochemical studies have demonstrated the 
presence of macrophages and lymphocytes in PVR membranes.3–6 A possible role of 
these immune cells in the PVR process is supported by cytological studies showing 
their presence in vitreous specimens from patients with PVR.7–8 Taken together, 
chemokines must be operative in order to elicit a vast influx of immune cells into 
the subretinal space after RRD. 

Chemokines are small proteins that regulate migration of various types of leu-
kocytes to sites of inflammation.9 Based on their chemotactic activity and the ar-
rangement of cysteine residues, chemokines can be divided into two major subfami-
lies. Generally, CC chemokines potently attract monocytes, T lymphocytes, eosino-
phils, and basophils, whereas CXC chemokines are known to recruit neutrophils and 
activated T lymphocytes to the site of injury.10 Two of the most extensively studied 
chemokines in PVR specimens include CCL2 and CXCL8.11–16 Both chemokines have 
been detected in PVR vitreous and levels of these chemokines were shown to be 
higher than in vitreous specimens from patients with proliferative diabetic retinopa-
thy or idiopathic epiretinal membranes.17 In the same study, many other inflamma-
tory mediators were detected including the chemokines CCL4 and CCL11, showing 
that a complex mix of chemokines may play a role in the pathogenesis of PVR. Inter-
leukin (IL)-6, a multifunctional cytokine with regulatory functions in wound healing, 
has also been shown to be elevated in PVR specimens16,18–20 and has been impli-
cated in the induction of several chemokines.21 

We hypothesized that chemokines play an important role in the pathogenesis of 
PVR, in particular in the very early stages when no fibrotic membranes have formed 
yet. In most studies, a limited number of chemokines were measured per sample 
and samples were obtained when the patient had already developed PVR.12–16 Re-
cently developed multiplex bead-based immunoassays allow for the simultaneous 
detection of many analytes in a very small sample volume.22 Using this technique, 
we investigated protein expression of 15 different chemokines in subretinal fluid 
samples obtained while performing routine scleral buckling surgery for primary 
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RRD. The results showed that several chemokines as well as IL-6 may play a role in 
the development of PVR. 

Methods 

Subjects 

In our department, subretinal fluid samples are routinely collected during scleral 
buckling surgery for primary RRD. Based on a medical record study, we made a 
selection of subretinal fluid samples stored in the BioBank Maastricht. Samples from 
patients who had preoperative uveitis, preoperative trauma, preoperative vitreous 
hemorrhage, or preoperative cryotherapy were excluded from this study. After 
exclusion, we were able to identify 21 samples from patients who developed a rede-
tachment due to PVR within 2½ months after scleral buckling surgery for primary 
RRD. This disease group, defined as the PVR positive group, was compared with 
patients who did not develop a redetachment during the overall follow-up period. 
Samples from these patients served as controls and were defined as the PVR nega-
tive group. To improve statistical power, we selected two to three age-, sex-, and 
storage time-matched controls without a redetachment during follow-up. This re-
sulted in 54 patients with uncomplicated retinal detachment. All subretinal fluid 
samples were collected between 2001 and 2008. The study followed the tenets of 
the Declaration of Helsinki and was performed with the agreement of the University 
Hospital ethics committee. All patients gave written informed consent before the 
surgical procedure and after the nature of the study was explained. 

Sample Collection 

Undiluted subretinal fluid samples were obtained during scleral buckling surgery for 
primary RRD by making a small incision through the sclera and choroid. Scleral and 
choroidal vessels were carefully cauterized before the incision. Any macroscopic 
blood surrounding the incision opening was removed with a cotton tip. Subretinal 
fluid was collected from the surface of the sclera with a 25-gauge bent needle. 
Samples showing macroscopic hemorrhage were discarded. All samples were col-
lected in sterile polypropylene tubes, immediately stored at -80°C, and thawed 
directly before analysis. Sample volumes ranged between 50–250µL. 

Multiplex Bead-based Immunoassay 

Chemokines were measured by the Luminex Core Facility (Utrecht, The Nether-
lands) with expertise in the simultaneous measurement of proteins in a wide range 
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of biological fluids including aqueous humor, human plasma, and synovial fluid using 
a multiplex immunoassay (Luminex, Austin, TX).23,24 Immunoassays were validated 
for the detection of proteins using in house developed assays. In summary, the 
antibody-coated microspheres were incubated for 60 minutes with standards or 
subretinal fluid (50 µl) in 96-well, 1.2-µm filter plates (Millipore, Amsterdam, The 
Netherlands). Plates were washed, and a cocktail of biotinylated detection antibo- 
dies was added for 60 minutes. After repeated washings, streptavidin–
phycoerythrin was added for an additional 10 minutes. Beads were washed twice, 
and the fluorescence intensity was measured. Measurements and analysis of the 
data from all assays were performed using the Bio-Plex system in combination with 
Bio-Plex Manager software, version 4.1, using 5-parametric curve fitting (Bio-Rad, 
 

 

Table 1 Demographics and Potential Clinical Risk Factors for PVR 

Risk factor Postoperative PVR 
Negative (n=54) 

Postoperative PVR 
Positive (n=21) 

Univariate 
Testing 

Age (years) 
 Median (range) 

 
61 (43–79) 

 
62 (43–76) 

 
NS 

Sex (%) 
 Female 
 Male 

 
26 
74 

 
29 
71 

 
NS 

Size of retinal detachment 
(quadrants) 
 Median (range) 

 
 

2 (1–3) 

 
 

2 (1–4) 

 
 

NS 
Total size of retinal defects 
(optic disc diameters) 
 Median (range) 

 
 

2 (0–5.5) 

 
 

1 (0–4) 

 
 

NS 
Macular detachment (%) 64 86 NS 
Preoperative logMAR VA 
 Median (range) 

 
0.75 (0.05 – 2.52) 

 
1.77 (0.10 – 2.52) 

 
P = 0.045 

Detachment duration (days) 
 Median (range) 

 
5 (1–75) 

 
6 (1–90) 

 
NS 

Diabetes mellitus (%) 11 10 NS 
Preoperative myopia >5D (%) 17 24 NS 
Preoperative lens status (%) 
 Pseudophakia 
 Aphakia 

 
19 
0 

 
33 
0 

 
NS 
NS 

Preoperative uveitis (%) 0 0 NS 
Preoperative vitreous 
hemorrhage (%) 

 
0 

 
0 

 
NS 

Preoperative cryotherapy (%) 0 0 NS 
Preoperative trauma (%) 0 0 NS 

PVR, proliferative vitreoretinopathty; NS, not significant; logMAR, logarithm of minimal angle of resolu-
tion; VA, visual acuity; D, diopters. 
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Table 2 IL-6 and Chemokine Levels and the Development of Postoperative PVR 

Analyte (pg/mL) Postoperative PVR 
Negative (n=54) 

Postoperative PVR 
Positive (n=21) 

Univariate 
Testing 

IL-6 
 Median (range) 
 Mean (SD) 

 
59.5 (8.33 – 1211) 

139 (202) 

 
149 (36.3 – 2656) 

483 (712) 

 
P = 0.001 

MIF 
 Median (range) 
 Mean (SD) 

 
3618 (997 – 15020) 

4484 (2880) 

 
6691 (1691 – 12900) 

6682 (3638) 

 
P = 0.016 

CCL2 
 Median (range) 
 Mean (SD) 

 
849 (442 – 1139) 

822 (153) 

 
930 (629 – 1134) 

900 (132) 

 
P = 0.041 

CCL3 
 Median (range) 
 Mean (SD) 

 
359 (237 – 491) 

362 (53.6) 

 
391 (268 – 662) 

398 (89.3) 

 
NS 

CCL5 
 Median (range) 
 Mean (SD)  

 
151 (49.0 – 630) 

179 (96.3) 

 
186 (50.4 – 619) 

205 (151) 

 
NS 

CCL11 
 Median (range) 
 Mean (SD) 

 
8.58 (5.32 – 12.0) 

8.49 (1.45) 

 
9.18 (6.90 – 15.0) 

10.0 (2.16) 

 
P = 0.012 

CCL17 
 Median (range) 
 Mean (SD) 

 
2.04 (1.41 – 4.31) 

2.16 (0.48) 

 
2.59 (1.76 – 5.84) 

2.97 (1.24) 

 
P = 0.003 

CCL18 
 Median (range) 
 Mean (SD) 

 
4305 (184 – 14344) 

4791 (3091) 

 
6897 (434 – 14967) 

7049 (3480) 

 
P = 0.007 

CCL19 
 Median (range) 
 Mean (SD) 

 
115 (21.4 – 705) 

144 (117) 

 
309 (76.8 – 570) 

290 (160) 

 
P < 0.001 

CCL21 
 Median (range) 
 Mean (SD) 

 
752 (454 – 2453) 

822 (286) 

 
777 (614 – 2221) 

917 (371) 

 
NS 

CCL22 
 Median (range) 
 Mean (SD) 

 
18.2 (11.7 – 44.1) 

20.4 (6.75) 

 
31.9 (10.9 – 92.5) 

34.3 (18.5) 

 
P < 0.001 

CXCL8 
 Median (range) 
 Mean (SD) 

 
83.5 (28.4 – 728) 

155 (166) 

 
131 (42.4 – 1324) 

259 (296) 

 
P = 0.027 

CXCL9 
 Median (range) 
 Mean (SD) 

 
15.1 (8.47 – 91.1) 

17.0 (11.1) 

 
17.3 (12.3 – 55.0) 

22.2 (11.0) 

 
P = 0.007 

CXCL10 
 Median (range) 
 Mean (SD) 

 
206 (42.6 – 875) 

239 (166) 

 
377 (128 – 1002) 

425 (275) 

 
P = 0.002 

CXCL12 
 Median (range) 
 Mean (SD) 

 
12254 (5773 – 16759) 

11610 (2775) 

 
10991 (7005 – 17286) 

11376 (2897) 

 
NS 

CX3CL1 
 Median (range) 
 Mean (SD) 

 
229 (140 – 318) 

231 (35.2) 

 
228 (147 – 465) 

231 (63.4) 

 
NS 

PVR, proliferative vitreoretinopathy; IL-6, interleukin-6; MIF, macrophage migration inhibitory factor. 
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Hercules, CA). The concentrations of IL-6 and the following chemokines were meas-
ured: the chemokine-like macrophage migration inhibitory factor (MIF); the CC 
chemokines CCL2, CCL3, CCL5, CCL11, CCL17, CCL18, CCL19, CCL21, CCL22; the CXC 
chemokines CXCL8, CXCL9, CXCL10, CXCL12; and CX3CL1. The above set represented 
all chemokines present in the chemokine package of the Luminex Core Facility. 

Clinical Variables 

For all patients we collected demographic variables, potential clinical risk factors for 
the development of PVR (Table 1) and the following clinical variables: follow-up 
time, occurrence of a redetachment, postoperative PVR grade, and preoperative 
and final postoperative best corrected Snellen visual acuity. PVR was graded accord-
ing to the Classification of Retinal Detachment with PVR.25 Data were collected as 0 
(no PVR), 1 (grade A), 2 (grade B), 3 (grade C), and 4 (grade D). Duration of retinal 
detachment was defined as the interval between the onset of symptoms and sur-
gery and was estimated according to a precise history of patients’ symptoms. For 
statistical analysis, Snellen visual acuity was transformed into logMAR (logarithm of 
minimal angle of resolution) visual acuity. Net visual outcome was calculated by 
subtracting logMAR visual acuity at final follow-up from logMAR visual acuity pre-
operatively. 

Statistical Analysis 

Patients who developed a redetachment due to PVR within 2½ months after reat-
tachment surgery were compared with patients with an uncomplicated follow-up. 
Further, we investigated whether chemokine levels were different in patients who 
developed early postoperative PVR (within one month) and whether differences in 
chemokine expression were related to PVR grade. The non-parametric Mann-
Whitney U-test was used for ordinal variables such as chemokine levels, since data 
were not normally distributed. The chi-square test was used to compare nominal 
variables such as diabetes mellitus. Correlations were determined by the Spear-
man’s Rho test. Statistical analysis of the data was performed using SPSS version 
16.0 (SPSS for Windows; SPSS, Chicago, IL, USA). Differences were considered sig-
nificant at P < 0.05, with two-tailed testing. 

Results 

Subretinal fluids from 75 patients with primary RRD undergoing scleral buckling 
surgery for primary RRD were analyzed for chemokine content. Twenty one patients  
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Table 3 The Spearman Correlation Coefficients for Significantly 

Up-regulated Chemokines 

Chemokine Correlation 
coefficient 

MIF - CCL2 
CCL11 - CCL17 
CCL11 - CCL22 
CCL17 - CCL22 
CCL17 - CXCL9 
CCL18 - CCL19 
CCL18 - CXCL9 
CCL18 - CXCL10 
CCL19 - CXCL10 

r = 0.596 
r = 0.693 
r = 0.513 
r = 0.668 
r = 0.515 
r = 0.594 
r = 0.502 
r = 0.592 
r = 0.628 

All correlations listed are significant at the P < 0.001 level. 

 
who developed postoperative PVR were compared with 54 patients who had an 
uncomplicated follow-up. In the PVR positive group, 10 patients were classified with  
PVR grade B, 10 with PVR grade C, and one with PVR grade D. The median time 
interval between the scleral buckling procedure and redetachment due to PVR was 
37 days (range, 7–80) and the median follow-up time was 21 months (range, 3–80). 
The group consisted of 6 women (29%) and 15 men (71%) with a median age of 62 
years (range, 43–76). The PVR negative patients included 14 women (26%) and 40 
men (74%) with a median age of 61 years (range, 43–79). Their median follow-up 
time was 6 months (range, 2–80). Potential clinical risk factors for the development 
of postoperative PVR were available for all 75 patients included in this study. Except 
for a worse preoperative visual acuity in the PVR positive group (P = 0.045), there 
were no statistically significant differences between the two groups (Table 1). 

Median and mean subretinal fluid IL-6 levels were approximately three times 
higher in patients with a redetachment due to postoperative PVR compared with 
those with an uncomplicated follow-up (P = 0.001). Simultaneous measurement of 
15 different chemokines in every single sample using a multiplex bead-based immu-
noassay revealed the following results (Table 2). Using univariate testing, subretinal 
fluid levels of MIF (P = 0.016), CCL2 (P = 0.041), CCL11 (P = 0.012), CCL17 (P = 0.003), 
CCL18 (P = 0.007), CCL19 (P < 0.001), CCL22 (P < 0.001), CXCL8 (P = 0.027), CXCL9 (P 
= 0.007), and CXCL10 (P = 0.002) were significantly higher in the PVR positive group 
as compared to the PVR negative group. Median levels of CCL3, CCL5, and CCL21 
were higher in the PVR positive group but did not reach statistical significance (P > 
0.05). 

There was a low to moderate positive correlation between IL-6 and CCL2 (r = 
0.232), CCL11 (r = 0.326), CCL17 (r = 0.428), CCL18 (r = 0.460), CCL19 (r = 0.340), 
CXCL9 (r = 0.267), and CXCL10 (r = 0.322) (P < 0.05 for all), whereas the correlation 
between IL-6 and both CCL22 and CXCL8 was moderate to strong (r = 0.538 and r = 
0.645, respectively) (P < 0.0001 for both; Fig 1). When comparing the various chemo 
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Figure 1 Correlation of IL-6 with chemokine levels in subretinal fluid after primary rhegmatogenous 
retinal detachment. (Top) Correlation of IL-6 with CXCL8; (Bottom) Correlation of IL-6 with CCL22. 
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kines that were significantly up-regulated after univariate testing, we found several 
moderate to strong correlations (r > 0.5; P < 0.001) (Table 3). Significant correlations 
between biochemical variables and clinical variables were low (r < 0.4). For example, 
we found a negative correlation between the total size of retinal defects and levels 
of IL-6 (r = -0.289), CCL11 (r = -0.296), CCL18 (r = -0.384), CXCL9 (r = -0.369), and 
CXCL10 (r = -0.253) (P < 0.05 for all). 

Preoperative visual acuity correlated moderately but significantly with final and 
net visual acuity (r = 0.428 and r = 0.633, respectively) (P < 0.001 for both). As ex-
pected, the postoperative and net visual acuities of the PVR positive group were 
significantly worse than those of the PVR negative group at final follow-up (P < 
0.001 and P = 0.003, respectively). Correlations between clinical variables and final 
and net visual acuities were very low (r < 0.3). However, we found moderate corre-
lations between final visual acuity and both CCL19 (r = 0.418; P < 0.001) and CXCL10 
(r = 0.475; P < 0.001). 

Eight patients developed a redetachment due to PVR within one month after 
reattachment surgery. We compared chemokine levels of these patients with those 
who had a redetachment due to postoperative PVR between 1 and 2½ months after 
ocular surgery (n=13). Except for a lower median level of CXCL10 in the latter group 
(P = 0.036), we were not able to find any significant differences between both 
groups. To find out whether there were differences in chemokine expression be-
tween patients with different PVR grades, we compared chemokine levels of 10 
patients with PVR grade B with 11 patients with PVR grade C or higher. IL-6 (P = 
0.024) and CCL3 (P = 0.017) were significantly lower in patients with higher PVR 
grades, whereas no significant differences were detected between both groups 
concerning the other analytes. 

Discussion 

The present study shows that levels of MIF, CCL2, CCL11, CCL17, CCL18, CCL19, 
CCL22, CXCL8, CXCL9, and CXCL10 were significantly higher in patients with a rede-
tachment due to postoperative PVR than in patients with an uncomplicated retinal 
detachment. IL-6, with a threefold increase in the PVR positive group, was positively 
correlated with several chemokines. Demographic variables and potential clinical 
risk factors for the development of PVR, except for preoperative visual acuity, were 
not significantly different between the two groups. Moreover, patients with preop-
erative uveitis and patients with conditions that may induce an inflammatory re-
sponse such as preoperative trauma and vitreous hemorrhage, were excluded from 
this study. Therefore, our findings indicate that there is an association between a 
wide range of chemokines that are elevated briefly after the onset of RRD and the 
future development of postsurgical PVR. 
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Previous studies that have investigated chemokine content in PVR specimens have 
focused particularly on a few chemokines using enzyme-linked immunosorbent 
assays (ELISAs). Two of the most extensively studied chemokines are CCL2 and CX-
CL8. Several investigations have shown an up-regulation of these chemokines in PVR 
patients.11–16 We confirmed the findings of these earlier studies in our subretinal 
fluid samples, although we were only able to show a slight but significant increase in 
CCL2 levels briefly after the onset of RRD. For example, Elner et al.13 demonstrated a 
six-fold increase in CCL2 levels in PVR vitreous compared to samples from patients 
with uncomplicated RRD. These results implicate a more profound role for CCL2 in 
later stages after RRD and when PVR membranes have already developed. 

Our study, however, differed from previous reports on some crucial points. 
Most studies have dealt with vitreous samples, whereas we studied chemokine 
content in subretinal fluid. This may be more appropriate since this is the ocular 
fluid that surrounds the resident retinal cells after initial retinal detachment. An-
other important difference with earlier studies is the time point at which the ocular 
samples were obtained. Sampling at a time close to the onset of the primary RRD 
may provide clues to the local triggers initiating the PVR process.26 Our patient 
population served this purpose, since the median overall delay between reported 
onset of RRD and surgery was only 5 to 6 days. Moreover, the multiplex bead-based 
immunoassay allowed us to detect a large number of chemokines simultaneously, 
with comparable performance in sensitivity, accuracy, and reproducibility to ELISAs 
performed in previous studies.27 Consequently, detection of a whole spectrum of 
chemokines briefly after the onset of RRD may provide new insight into the patho-
logical mechanisms leading to the formation of PVR membranes and may thus be 
important for future prophylaxis or treatment purposes. Differences between our 
study and previous studies, chemokine function, and chemokine levels are summa-
rized in Table 4. Prior to the study presented here 13 different chemokines had 
been analysed in ocular fluids in relation to PVR development. Our data set ex-
panded the number to a total of 21 and it is evident that several novel chemokines 
will be discovered in the near future. The precise role of each of these individual 
chemokines after the onset of RRD remains to be elucidated. It has been postulated 
that many CC and CXC chemokines share a common function and tend to act on a 
broad range of leukocytes including monocytes, lymphocytes, and neutrophils (Ta-
ble 4).10 This concept is further supported by redundancy and binding promiscuity 
between many chemokine ligands and receptors.28 

For some chemokines, however, a specific role in the development of PVR has 
been suggested. CCL2 is mainly known for its induction of monocyte chemotaxis in 
areas of injury.29 It was shown that CCL2 is critical for the infiltration of macro-
phages/microglia to the subretinal space after retinal detachment.30 Although a 
wide variety of cells can express CCL2, local production by resident ocular cells inclu- 
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ding retinal pigment epithelial (RPE) cells has been suggested. For example, in vitro 
studies have shown that IL-1 or TNF-α stimulated RPE cells may express CCL2.31,32 
Moreover, CCL2 has been shown to stimulate RPE cell migration,33 suggesting a role 
for this chemokine in PVR development. Further, monocytes/macrophages have 
been shown to have a potentiating effect on RPE cell proliferation.34 Similarly, 
CXCL8 may be secreted by many different cell types in response to inflammatory 
stimuli.35 CXCL8 exerts many functions depending on cell type and tissue. Neverthe-
less, its main function is the recruitment of neutrophils to inflammatory sites in 
response to injury.35 Goczalik et al.36 showed that microglial cells may contribute to 
increased intraocular levels of CXCL8 in retinal detachment and PVR, and CXCL8 
receptor expression in glial cells of PVR retinas and PVR membranes suggested a 
role for CXCL8 in the initiation of reactive gliosis. 

Some chemokines can exhibit high cell and receptor specificity. Interestingly, 
CXCL9 and CXCL10 are highly specific for T lymphocytes.37 CXCR3, the receptor for 
CXCL9 and CXCL10, is preferentially expressed on T lymphocytes, which are respon-
sible for a number of T lymphocyte-mediated diseases including autoimmune uveitis 
and vernal keratoconjunctivitis.38–40 Moreover, cytokine-stimulated RPE cells are 
capable of producing CXCL9 and CXCL10, whereas pre-treatment of RPE cells with 
the anti-inflammatory cytokine IFN-β resulted in the elimination of CXCL9 produc-
tion.41 The CC chemokines CCL17, CCL18, and CCL22 have also been shown to play a 
role in trafficking and activation of T lymphocytes.42–45 Together with the presence 
of T lymphocytes in subretinal fluid, vitreous fluid,7 and epiretinal membranes4,6 
from patients with PVR, these findings warrant further investigations concerning a 
role for T lymphocytes in the pathogenesis of PVR. 

IL-6 is a cytokine with a wide range of functions in inflammation and wound 
healing. For instance, IL-6 was found to induce chemokines and to recruit leukocytes 
in an animal model.21 On the other hand, IL-6 may be produced by inflammatory 
cells invading the subretinal space after RRD due to chemotactic signalling.46 Previ-
ous studies have detected increased levels of IL-6 in RRD patients47,48 and PVR pa-
tients,16,18–20 whereas others have demonstrated a correlation between IL-6 and 
several chemokines.14,47 Our study confirmed the findings of these previous studies. 
Whether IL-6 plays a role in the induction of chemokines or is secreted by cells in-
vading the subretinal space after RRD remains to be elucidated. 

So far, it is not clear which cells are responsible for the secretion of chemokines 
into the subretinal space after retinal detachment. Previous studies have demon-
strated that increased chemokine levels are most likely due to the intraocular pro-
duction by resident ocular cells.13,15 The RPE cell is believed to be an important can-
didate cell type, since RPE cells are able to produce many chemokines after an ap-
propriate stimulus. Contact with vitreous49 or monocytes,50 stimulation by pro-
inflammatory cytokines,51 and mechanical injury52 have all been shown to be an 
appropriate trigger for the production and secretion of chemokines by RPE cells. 
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Other resident cell types or inflammatory cells may however also contribute to the 
subretinal fluid content of chemokines following retinal detachment. Correlations 
between some chemokines in our study may indicate that a common pathway is 
involved. 

To conclude, our findings indicate that a number of chemokines are up-
regulated briefly after the onset of RRD in patients who develop postoperative PVR 
following primary RRD-repair. Increased chemotactic signalling in these patients 
may be the underlying phenomenon leading to a vast and immediate influx of in-
flammatory cells after the onset of RRD and may cause an inflammatory response 
that is associated with the future development of PVR. Moreover, the results iden-
tify some specific chemokines as potential therapeutic targets for patients who are 
at risk for developing a redetachment due to PVR. 
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Abstract 

Purpose: Rhegmatogenous retinal detachment (RRD) is a major cause of visual loss 
in developed countries. Proliferative vitreoretinopathy (PVR), an eye-sight threaten-
ing complication of RRD surgery, resembles a wound-healing process with inflam-
mation, scar tissue formation, and membrane contraction. This study was per-
formed to determine the possible involvement of a wide range of cytokines in the 
future development of PVR, and to identify predictors of PVR and visual outcome. 
Methods: A multiplex immunoassay was used for the simultaneous detection of 29 
different cytokines in subretinal fluid samples from patients with primary RRD. Of 
306 samples that were collected and stored in our BioBank between 2001 and 2008, 
21 samples from patients who developed postoperative PVR were compared with 
54 age-, sex-, and storage-time–matched RRD control patients who had an uncom-
plicated postoperative course during the overall follow-up period. 
Results: Levels of IL-1α, IL-2, IL-3, IL-6, VEGF, and ICAM-1 were significantly higher 
(P < 0.05) in patients who developed postoperative PVR after reattachment surgery 
than in patients with an uncomplicated postoperative course, whereas levels of IL-
1β, IL-4, IL-5, IL-7, IL-9, IL-10, IL-11, IL-12p70, IL-13, IL-15, IL-17, IL-18, IL-21, IL-22, IL-
23, IL-25, IL-33, TNF-α, IFN-γ, IGF-1, bFGF, HGF, and NGF were not (P > 0.05). Multi-
variate logistic regression analysis revealed that IL-3 (P = 0.001), IL-6 (P = 0.047), 
ICAM-1 (P = 0.010), and preoperative visual acuity (P = 0.026) were independent 
predictors of postoperative PVR. Linear regression analysis showed that ICAM-1 (P = 
0.005) and preoperative logMAR visual acuity (P = 0.001) were predictive of final 
visual outcome after primary RRD repair. 
Conclusions: Our findings indicate that after RRD onset an exaggerated response of 
certain cytokines may predispose to PVR. Sampling at a time close to the onset of 
primary RRD may thus provide clues as to which biological events may initiate the 
development of PVR and, most importantly, may provide a means for therapeutic 
control. 
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Introduction 

Rhegmatogenous retinal detachment (RRD) is an ophthalmologic emergency that 
occurs in approximately 12.6 cases per 100,000 persons per year.1 Although an 
increasingly number of retinal detachments is successfully repaired with a single 
procedure, proliferative vitreoretinopathy (PVR) is still the primary cause of failure 
of reattachment surgery.1 This eye-sight threatening condition is characterized by 
the formation of cellular membranes on both sides of the retina that upon contrac-
tion may cause a redetachment with often a permanent drop in visual acuity. The 
development of these fibrotic membranes is reminiscent of the normal wound-
healing response with inflammation, migration and proliferation of resident ocular 
cells and invading immune cells.2 In all these biological processes, cytokines function 
as signalling molecules between these cells in order to bring about the events that 
ultimately lead to the formation and contraction of PVR membranes.2 

Several studies have been undertaken to unravel the role of these cytokines in 
the pathogenesis of PVR by determining their expression in PVR vitreous and PVR 
membranes.2–12 Resident ocular cells including retinal pigment epithelial (RPE) cells 
and glial cells, and invading immune cells such as macrophages and lymphocytes are 
all capable of producing and secreting these cytokines.2 Immunohistochemical stud-
ies have demonstrated the presence of fibroblast growth factor (FGF), insulin 
growth factor (IGF), and vascular endothelial growth factor (VEGF) in PVR mem-
branes.3,4 For example, FGF and IGF have been implicated in the migration and pro-
liferation of RPE cells,5,6 whereas VEGF may play a role in monocyte chemotaxis.7 
Moreover, levels of interleukin (IL)-1, IL-6, interferon (IFN)-γ, and intercellular adhe-
sion molecule (ICAM)-1 have been shown to be elevated in PVR vitreous,8–12 sug-
gesting an inflammatory component in PVR pathogenesis. These data also indicate 
that not a single cytokine but a complex network of cytokines may underlie the 
development of contractile fibrotic membranes that are characteristic of PVR. 

So far, the use of intravitreal pharmacological agents to prevent the occurrence 
of PVR has shown disappointing results.13,14 Although the intraoperative application 
of daunorubicin demonstrated some effect by reducing the number of reoperations, 
its use failed to show a significant increase in reattachment rate in patients with 
preoperative PVR.15 A better understanding of the early biological alterations after 
primary RRD that may lead to postoperative PVR is therefore needed to develop 
new therapeutic strategies. Previous animal studies have demonstrated an increase 
in gene and protein expression of proinflammatory cytokines hours and days after 
the creation of experimental retinal detachment when no PVR membranes have 
formed yet.16,17 However, previous studies have mainly focused on cytokines in 
ocular fluids of patients with established PVR.11,12,18–21 Further, only a limited num-
ber of cytokines have been determined in each patient in these studies. Since PVR is 
the resultant of an inflammatory process in which a multitude of cytokines is in-
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volved, the measurement of a single cytokine seems rather unsatisfactory. There-
fore, examining a whole cytokine profile in patients after primary RRD provides not 
only clues as to which cytokines may play a role in PVR pathogenesis, it may also 
indicate which cytokines are most predictive of its development. 

In a previous study on early biological alterations after primary RRD, we used 
recently developed multiplex bead-based immunoassays for the simultaneous de-
tection of several chemokines and their correlation with IL-6.22 In the study pre-
sented here we report the protein expression of 29 different interleukins and 
growth factors in subretinal fluid samples from the same population. Our findings 
indicate that an exaggerated response of certain cytokines occurring after RRD on-
set may predispose to PVR development. 

Methods 

Patients 

The research followed the tenets of the Declaration of Helsinki and the Medical 
Ethics Committee of University Hospital Maastricht, which approved all the proto-
cols used in this study. All enrolled patients gave written informed consent before 
the surgical procedure and after the nature of the study was explained. 

Subretinal fluid samples are routinely collected during scleral buckling surgery 
for primary RRD in our department, except in patients with small (less than one 
quadrant) or shallow detachments. Between 2001 and 2008, a total of 306 patients 
underwent subretinal fluid sampling. Upon collection, samples were transferred and 
stored in the BioBank Maastricht. A thorough medical record study revealed that 45 
of these patients developed a redetachment due to PVR later on during the postop-
erative follow-up period. Of these, 9 samples were excluded due to low sample 
volume (< 75 µL) or contamination with blood, whereas 6 samples were excluded 
because of late PVR development (more than 2½ months after subretinal fluid col-
lection). Further, we excluded 4 patients with preoperative vitreous hemorrhage, 4 
patients with preoperative trauma, and 1 patient with preoperative cryotherapy. 
Finally, 21 samples from patients who developed a redetachment due to PVR within 
2½ months after scleral buckling surgery for primary RRD were included in the 
study. This disease group, defined as the PVR group, was compared with patients 
who did not develop a redetachment during the overall follow-up period (at least 3 
months), i.e. patients with an uncomplicated follow-up after primary RRD repair. 
Samples from these patients served as controls and were defined as the RRD group. 
We compared every single PVR sample with two to three age-, sex-, and storage-
time–matched controls, which resulted in 54 control patients with an uncompli-
cated follow-up following primary retinal detachment surgery. 
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Sample Collection 

Undiluted subretinal fluid samples were obtained during scleral buckling surgery for 
primary RRD. Scleral and choroidal vessels were carefully cauterized before the 
incision. Any macroscopic blood surrounding the incision opening was removed with 
a cotton tip. Subretinal fluid was collected from the surface of the sclera with a 25-
gauge bent needle. All samples were collected in sterile polypropylene tubes, stored 
at -80°C, and thawed directly before analysis. Sample volumes ranged between 100 
– 700 µL. 

Multiplex Bead-Based Immunoassay 

Cytokines were measured at the Luminex Core Facility (Utrecht, The Netherlands) 
with a multiplex immunoassay (Luminex, Austin, TX, USA) using an in-house-
validated panel which incorporates an appropriate Quality Control Program, as 
previously described.23 In summary, the antibody-coated microspheres were incu-
bated for 60 minutes with standards or subretinal fluid (50 µL) in 96-well, 1.2-µm 
filter plates (Millipore, Amsterdam, The Netherlands). Plates were washed (Bio-Plex 
pro II wash station, Bio-Rad, Hercules, CA, USA), and a cocktail of biotinylated detec-
tion antibodies was added for an additional 60 minutes. After repeated washings 
streptavidin–phycoerythrin was added and incubated for 10 minutes. Next, after 2 
additional washes fluorescence intensity was measured. Data collection and analysis 
of the data from all assays were performed (Bio-Plex system in combination with 
Bio-Plex Manager software, ver. 4.1; Bio-Rad, Hercules, CA, USA), by using five-
parameter curve fitting. The concentrations of the following cytokines were meas-
ured: the interleukins IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-11, IL-
12p70, IL-13, IL-15, IL-17, IL-18, IL-21, IL-22, IL-23, IL-25, and IL-33; the proinflamma-
tory cytokines tumor necrosis factor (TNF)-α and IFN-γ; the growth factors IGF-1, 
basic (b)FGF, VEGF, nerve growth factor (NGF), and hepatocyte growth factor (HGF); 
and the cell adhesion molecule ICAM-1. The lower limit of detection of the cyto-
kines ranged between 0.1 and 19.5 pg/mL. Concentrations below the detection limit 
were assigned the lowest value from the respective standard curve. For statistical 
analysis, concentrations below the detection limit were converted to a value of 0.5 
times the lowest value of the calibration curve. 

Clinical Variables 

For all patients, demographic variables, potential clinical risk factors for the devel-
opment of PVR (Table 1) and the following clinical variables were collected: follow-
up time, occurrence of a redetachment, postoperative PVR grade, and preoperative 
and final postoperative best corrected Snellen visual acuity. PVR was graded accord-
ing to the Classification of Retinal Detachment with PVR.24 Data were collected as 0 
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(no PVR), 1 (grade A), 2 (grade B), 3 (grade C), and 4 (grade D). Duration of retinal 
detachment was defined as the interval between the onset of symptoms and sur-
gery and was estimated according to a precise history of patients’ symptoms. Dura-
tion of macular detachment was evaluated separately and was defined as the inter-
val between the onset of a sudden drop in visual acuity and reattachment surgery. 
The refraction of pseudophakic patients was evaluated based on historical data. For 
statistical analysis, Snellen visual acuity was transformed into logMAR visual acuity. 

Statistical Analysis 

Patients who developed a redetachment due to PVR within 2½ months after the 
scleral buckling procedure (the PVR group) were compared with patients with an 
uncomplicated follow-up (the RRD group). Further, we investigated whether cyto-
kine concentrations were different in patients who developed early postoperative 
PVR (within 30 days after reattachment surgery) compared to patients with late 
postoperative PVR (more than 30 days after reattachment surgery) and whether 
differences in cytokine expression were related to PVR grade. The nonparametric 
Mann-Whitney U test was used for ordinal variables such as analyte levels, since 
data were not normally distributed. The chi-square test was used to compare nomi-
nal variables such as diabetes mellitus. Correlations were determined by the 
Spearman’s rho test. As we expected that preoperative PVR, duration of retinal 
detachment, and macular involvement were not equally distributed between both 
groups, we investigated the role of these clinical parameters as possible confound-
ing variables with respect to the association between cytokine levels and the devel-
opment of postoperative PVR, using multivariate logistic regression analysis. Statis-
tical analysis of the data was performed using SPSS version 16.0 (SPSS for Windows; 
SPSS, Chicago, IL, USA). Differences were considered significant at P < 0.05, with 
two-tailed testing. 

Stepwise logistic regression analysis was used to assess the data’s predictive 
ability in determining the occurrence of a redetachment due to postoperative PVR. 
Since the choice of P < 0.05 is often too stringent in this analysis and may exclude 
important variables from the model, choosing a higher P value is highly recom-
mended.25 Therefore, clinical and biological variables that reached P values < 0.15 in 
univariate tests were further analyzed with forward stepwise logistic regression 
analysis. Linear regression analysis was used to assess the data’s predictive value in 
determining postoperative visual acuity. 
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Results 

Demographics and Clinical Results 

Subretinal fluid samples from 75 patients who underwent scleral buckling surgery 
were analyzed. Twenty one patients with primary RRD who developed postopera-
tive PVR within 2½ months after the surgical procedure were compared with 54 
patients with primary RRD who had an uncomplicated follow-up. The PVR group 
consisted of 6 women (29%) and 15 men (71%) with a median age of 62 years 
(range 43 – 76). The median time interval between the scleral buckling procedure 
and redetachment due to PVR was 37 days (range 13 – 80) and the median follow-
up time was 21 months (range 3 – 80). Ten patients developed a redetachment due 
to postoperative PVR grade B, 10 patients due to postoperative PVR grade C, and 
one patient due to postoperative PVR grade D. In comparison, the RRD group in-
cluded 14 women (26%) and 40 men (74%) with a median age of 61 years (range 43 
– 79). Their median follow-up time was 6 months (range 3 – 80). 

Potential preoperative clinical risk factors for the development of postoperative 
PVR were available for all 75 patients included in this study (Table 1). There were no 
statistically significant differences between both groups regarding these parame-
ters, except for a worse median preoperative logMAR visual acuity in the PVR group 
(1.77; range 0.10 – 2.52) as compared to the RRD group (0.75; range 0.05 – 2.52) (P 
= 0.045). Although not statistically significant, median preoperative PVR grades 
were higher in the PVR group (grade B) than in the RRD group (grade A) (P = 0.218), 
as well as the median duration of retinal detachment (PVR, 6 days; RRD, 5 days) (P = 
0.650) and the percentage of patients with macular involvement (PVR, 86%; RRD 
64%) (P = 0.067). 

Interleukin and Growth Factor Levels in Subretinal Fluid 

Among the interleukins analyzed, levels of IL-1α (P = 0.025), IL-2 (P = 0.044), IL-3 (P 
= 0.008), IL-6 (P < 0.001), IL-15 (P = 0.013), and IL-18 (P = 0.008) were significantly 
higher in patients with primary RRD who developed a redetachment due to PVR 
than in patients with primary RRD and an uncomplicated follow-up. Since small 
nonsignificant differences in baseline characteristics between both groups may have 
influenced our results, we decided to correct for preoperative PVR grade, duration 
of retinal detachment, and macular involvement using multivariate logistic regres-
sion analysis. After correction, levels of IL-1α (P = 0.011), IL-2 (P = 0.021), IL-3 (P = 
0.006), and IL-6 (P = 0.021) remained significantly elevated in the PVR group as 
compared to the RRD group, whereas both IL-15 (P = 0.392) and IL-18 (P = 0.281) 
lost their significance. 
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Table 1 Demographics and Potential Clinical Risk Factors for PVR 

Potential Clinical 
Risk Factor 

RRD Group 
(n = 54) 

PVR Group 
(n = 21) 

Univariate 
Testing 

Stepwise Logistic 
Regression 

Age (years) 61 (43–79) 62 (43–76) NS NS 
Sex, Female (%) 26 29 NS NS 
Size of retinal detachment 
(quadrants) 

 
2 (1–3) 

 
2 (1–4) 

 
NS 

 
NS 

Total size of retinal defects 
(optic disc diameters) 

 
2 (0–5.5) 

 
1 (0–4) 

 
NS 

 
NS 

Macular detachment (%) 64 86 NS NS 
Preoperative logMAR VA 0.75 

(0.05–2.52) 
1.77 

(0.10–2.52) 
P = 0.045 P = 0.026 

Detachment duration (days) 5 (1–75) 6 (1–90) NS NS 
Preoperative PVR grade 1 (0–3) 2 (0–3) NS NS 
Diabetes mellitus (%) 11 10 NS NS 
Preoperative myopia >5D (%) 17 24 NS NS 
Pseudophakia (%) 19 33 NS NS 
Aphakia (%) 0 0 NS NS 
Preoperative uveitis (%) 0 0 NS NS 
Preoperative cryotherapy (%) 0 0 NS NS 
Preoperative vitreous 
hemorrhage (%) 

0 0 NS NS 

Preoperative trauma (%) 0 0 NS NS 

Data are expressed as median (range) or in percentages. Abbreviations: RRD = rhegmatogenous retinal 
detachment; PVR = proliferative vitreoretinopathy; NS = not significant; logMAR = logarithm of minimal 
angle of resolution; VA = visual acuity; D = diopters. 

 
 
Levels of IGF-1, bFGF, NGF, and HGF were similar between both groups (P > 0.05), 
whereas median VEGF levels were approximately two to three times higher in the 
PVR group as compared to the RRD group (P = 0.012). After correction for the 
aforementioned preoperative clinical parameters, this difference remained statisti-
cally significant (P = 0.049). In the current study, we found wide variations in the 
levels of both IL-6 and VEGF with approximately a 100-fold increase of the highest 
levels compared to the lowest levels in both the PVR and RRD group. 

IFN-γ was detected in 9 of 54 (17%) subretinal fluid samples from patients in the 
RRD group and in 3 of 21 (14%) samples from patients in the PVR group (P > 0.05). 
There were no significant differences in the median levels of IFN-γ and TNF-α be 
tween the two groups (P > 0.05). The median levels of the cell adhesion molecule 
ICAM-1 were significantly elevated in the PVR group as compared to the RRD group 
(P = 0.002), even after having corrected for differences in preoperative PVR grade, 
duration of retinal detachment, and macular involvement (P = 0.016). Levels of all  
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Table 2 Cytokine Levels and the Development of Postoperative PVR 

Cytokine 
(pg/mL) 

RRD Group 
(n = 54) 

PVR Group 
(n = 21) 

Univariate 
testing 

Stepwise 
Logistic Re-

gression 

IL-1α 5.8 (2.9 – 11) 7.0 (4.1 – 20) P = 0.025 NS 

IL-1β 6.4 (2.5 – 12) 6.8 (3.1 – 20) NS NS 

IL-2 5.9 (3.7 – 12) 6.6 (3.4 – 18) P = 0.044 NS 
IL-3 101 (24 – 348) 144 (47 – 464) P = 0.008 P = 0.001 
IL-4 1.5 (0.5 – 2.8) 1.7 (1.0 – 4.5) NS NS 
IL-5 2.3 (0.8 – 4.5) 2.2 (0.9 – 6.3) NS NS 
IL-6 60 (8.3 – 1211) 149 (36 – 2656) P < 0.001 P = 0.047 
IL-7 16 (6.2 – 63) 17 (6.7 – 53) NS NS 
IL-9 103 (49 – 185) 96 (54 – 288) NS NS 
IL-10 3.5 (1.7 – 8.4) 3.8 (2.3 – 8.5) NS NS 
IL-11 23 (7.3 – 59) 25 (12 – 89) NS NS 
IL-12p70 32 (15 – 58) 30 (19 – 78) NS NS 
IL-13 59 (27 – 191) 57 (37 – 162) NS NS 
IL-15 0.8 (0.1 – 15) 1.8 (0.3 – 11) P = 0.013 NS 
IL-17 37 (11 – 76) 32 (14 – 119) NS NS 
IL-18 24 (5.8 – 262) 36 (12 – 144) P = 0.008 NS 
IL-21 3524 (2291 – 5481) 3421 (1981 – 7135) NS NS 
IL-22 30 (6.6 – 81) 35 (9.4 – 98) NS NS 
IL-23 133 (63 – 857) 135 (80 – 435) NS NS 
IL-25 2349 (1253 – 65737) 2458 (1516 – 26189) NS NS 
IL-33 14 (4.8 – 64) 17 (5.4 – 55) NS NS 

TNF-α 6.2 (2.9 – 8.8) 6.6 (2.1 – 30) NS NS 

IFN-γ < 0.3 (< 0.3 – 16) < 0.3 (< 0.3 – 18) NS NS 

IGF-1 1548 (1086 – 2344) 1607 (1106 – 3401) NS NS 
bFGF 1137 (715 – 2051) 1154 (767 – 2869) NS NS 
NGF 7.0 (2.8 – 9.6) 7.5 (2.8 – 31) NS NS 
HGF 3413 (413 – 9987) 3949 (971 – 10769) NS NS 
VEGF 64 (21 – 1421) 153 (40 – 3308) P = 0.012 NS 
ICAM-1 19927 (4529 – 40489) 28276 (6780 – 44606) P = 0.002 P = 0.010 

Data are expressed as median (range) in pg/mL. Abbreviations: RRD = rhegmatogenous retinal detach-
ment; PVR = proliferative vitreoretinopathy; IL = interleukin; NS = not significant; TNF-α = tumor necrosis 
factor-α; IFN-γ = interferon-γ; IGF-1 = insulin growth factor-1; bFGF = basic fibroblast growth factor; NGF 
= nerve growth factor; HGF = hepatocyte growth factor; VEGF = vascular endothelial growth factor; 
ICAM-1 = intercellular adhesion molecule-1. 

 
 
cytokines are summarized in Table 2; levels of cytokines that were significantly dif-
ferent between both groups are illustrated in Fig. 1. 
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To find out whether there were differences in cytokine levels between patients with 
different postoperative PVR grades within the PVR group, we compared patients 
with postoperative PVR grade B (n = 10) to patients with postoperative PVR grade C 
or higher (n = 11). Median IL-6 levels were significantly higher in the PVR grade B 
group (245 pg/mL, range 116 – 2656) as compared to the PVR grade C group (114 
pg/mL, range 36 – 1398) (P = 0.024). No other significant differences in cytokine 
levels were detected between both groups. Comparison of cytokines between pa-
tients who developed postoperative PVR within 30 days (n = 8) and those who deve-
loped PVR after 30 days following surgery (n = 13) did not reveal any significant 
differences. 

Correlations of Biological Variables and Clinical Variables 

There were moderate to strong correlations between IL-1α and both IL-2 and IL-3 (r 
= 0.83 and r = 0.64, respectively) (P < 0.001) and between IL-2 and IL-3 (r = 0.47) (P < 
0.001). Further, we found a strong correlation between VEGF and ICAM-1 (r = 0.61). 
When comparing cytokine levels with clinical variables, we generally found low 
correlations (r < 0.4) except between duration of macular detachment and ICAM-1 
(r = 0.40) (P < 0.01). With respect to preoperative PVR grade, we only found a very 
weak association with ICAM-1 levels (r = 0.25) (P = 0.030). Preoperative visual acuity 
correlated moderately but significantly with final visual acuity (r = 0.43) (P < 0.001). 
Correlations between other preoperative clinical variables (i.e. duration of retinal 
detachment, duration of macular detachment, the extent of retinal detachment in 
quadrants, and the number of retinal breaks) and final visual acuity were very low (r 
< 0.3), whereas patients with macular detachment at the time of primary retinal 
detachment surgery had worse final visual outcome (median logMAR VA 0.52, range 
0 – 3.00) as compared to patients without involvement of the macula (median log-
MAR VA 0.30, range 0 – 0.80) (P = 0.013). 

Predictors of Postoperative PVR and Visual Outcome 

Variables that were significantly different between the RRD group and the PVR 
group or were close to significance in univariate tests (P < 0.15) were selected for 
stepwise logistic regression analysis. The selected variables were IL-1α, IL-2, IL-3, IL-
6, IL-15, IL-18, IL-25, NGF, VEGF, ICAM-1, preoperative logMAR visual acuity and 
presence of macular detachment. This analysis revealed that IL-3 (P = 0.001), IL-6 (P 
= 0.047), ICAM-1 (P = 0.010), and preoperative logMAR visual acuity (P = 0.026) 
were independent predictors of postoperative PVR after primary RRD. On the other 
hand, linear regression analysis showed that ICAM-1 (P = 0.005) and preoperative 
logMAR visual acuity (P = 0.001) were predictive of final visual outcome after pri-
mary RRD repair. 
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Discussion 

In the current study, we found levels of IL-1α, IL-2, IL-3, IL-6, VEGF, and ICAM-1 to 
be significantly higher in patients who developed a redetachment due to postopera-
tive PVR than in patients with an uncomplicated follow-up after primary RRD. Cor-
rection for possible confounding variables including preoperative PVR, duration of 
retinal detachment, and macular involvement was necessary due to small differ-
ences in baseline characteristics between the PVR group and the RRD group. Step-
wise forward logistic regression analysis revealed that IL-3, IL-6, ICAM-1, and preop-
erative visual acuity were independent predictors of postoperative PVR, whereas 
ICAM-1 and preoperative visual acuity were predictive of final visual acuity after 
primary RRD repair. Samples from patients with preoperative conditions known to 
 
 
 

 
 
Figure 1 Box-and-whisker plots of significantly elevated cytokine levels in patients with primary rhegma-
togenous retinal detachment. A multiplex immunoassay was used to determine 29 different cytokines in 
subretinal fluid samples obtained during scleral buckling surgery for rhegmatogenous retinal detach-
ment. Patients who developed a redetachment due to postsurgical PVR within 2½ months after reat-
tachment surgery (n = 21, ‘PVR’ group) were compared with controls who had an uncomplicated retinal 
detachment during the overall follow-up period (n = 54, ‘RRD’ group). Levels of IL-1α, IL-2, IL-3, IL-6, 
VEGF, and ICAM-1 were significantly higher (P < 0.05) in patients who developed postoperative PVR than 
in patients with an uncomplicated postoperative course. After correction for possible confounding vari-
ables including preoperative PVR, duration of retinal detachment, and macular involvement, these fac-
tors remained significantly different between both groups (see text). Box: lower and upper quartiles; 
horizontal line: the median. Abbreviations: PVR = proliferative vitreoretinopathy; RRD = rhegmatogenous 
retinal detachment; IL = interleukin; VEGF = vascular endothelial growth factor; ICAM-1 = intercellular 
adhesion molecule-1. 
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induce PVR were excluded from the study, since these would have yielded high 
cytokine levels that were directly related to that condition (e.g., uveitis). In addition, 
we excluded samples from patients with late PVR development, considering it 
would be more likely that in patients who have PVR developed after 3 months, a 
new event caused the recurrence rather than the stimulus that was of our inter-
est.26 Hence, our findings indicate that there is an association between certain cyto-
kines (IL-1α, IL-2, IL-3, IL-6, VEGF, and ICAM-1) and the development of postsurgical 
PVR after primary RRD repair. Whether an unknown clinical event may have trig-
gered the exaggerated cytokine response in the PVR group or whether differences 
in the genetic control of this cytokine response are involved remains to be clarified. 

Animal studies have shown an upregulation of proinflammatory genes already 
very soon (hours to days) after the induction of retinal detachment together with a 
time dependency of certain cytokines.16,17 These animal studies are certainly far 
more well-controlled than our clinical study and a time dependency could not be 
analyzed due to insufficient time points. Nevertheless, we demonstrated that sam-
pling after the onset of primary RRD but before the development of postoperative 
PVR may provide clues as to which biological events initiate the formation of PVR 
membranes, and may therefore provide a means for therapeutic control before 
postoperative PVR has been established. In the scope of developing a preventive 
strategy, a study by Bali et al27 showed that a single preoperative subconjunctival 
injection of dexamethasone prior to scleral buckling retinal detachment surgery 
resulted in a significant decrease in laser flare measurements at one week post-
operatively, reflecting less blood-retina barrier breakdown. Whether steroid priming 
via these injections leads to a lower incidence of postoperative PVR has not yet 
been investigated. 

Multiplex bead-based immunoassay allowed us to detect a large number of cy-
tokines simultaneously, with comparable performance in sensitivity, accuracy, and 
reproducibility to enzyme-linked immunosorbent assays (ELISAs) performed in pre-
vious studies.28 With the use of ELISAs, earlier studies could only focus on a few 
cytokines and mostly studied patients with already established PVR following earlier 
reattachment surgery. Moreover, most studies have dealt with vitreous samples, 
whereas our study addressed subretinal fluid specimens. To discover early biological 
alterations that may lead to PVR development, analysis of subretinal fluid may be 
more appropriate because of its close proximity to the RPE cell layer after initial 
retinal detachment. 

The source of the cytokines in our subretinal fluid specimens remains specula-
tive although it is most likely that they are simultaneously produced by resident 
ocular cells and infiltrating inflammatory cells. Even though the blood-retina barrier 
may be broken down, the levels of plasma cytokines do not reach high enough lev-
els to significantly contribute to the cytokine milieu in the subretinal space after 
retinal detachment.18,19,29 
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A large number of ocular fluid cytokines has been investigated previously in RRD 
patients with or without PVR, including IL-1, IL-6, TNF-α, IFN-γ, VEGF, FGF, HGF, and 
ICAM-1 (Table S1).8–12,18–21,29–33 Of this group of cytokines, we confirmed earlier 
findings showing elevated levels of IL-1α, IL-6, VEGF, and ICAM-1 in our specimens. 
Comparison of the levels reported in these studies is however difficult due to signi-
ficant differences in sampling time, sampling size, sampling specimen, laboratory 
methods, and baseline characteristics of the study population. A correlation bet-
ween increased levels of IL-2 and IL-3 and the development of postoperative PVR as 
we describe in the current study has not yet been reported earlier. 

The proinflammatory cytokines IL-1α and IL-1β have similar biological proper-
ties and have been implicated in the pathogenesis of PVR.8,9 Since IL-1 induces RPE 
cell migration34 and its intravitreal injection leads to breakdown of the blood-ocular 
barrier,35 IL-1 has been suggested to be an important candidate in the activation 
processes that ultimately lead to PVR development. Although our findings showed 
that IL-1α levels were significantly elevated in the PVR group, the difference with 
the control group was only small. The same holds for IL-2 with median levels of less 
than 7 pg/mL. On the other hand, many cytokines have redundant properties and 
even small elevations in a number of cytokines may lead to synergistic effects. 

IL-6 reached very high levels in some patients and median levels were approxi-
mately 2.5 times higher in the PVR group as compared to the RRD group. IL-6 is a 
pleiotropic cytokine with a wide range of activities in inflammation and immune 
reactions.36 Various groups have reported IL-6 gene expression and secretion by 
cytokine-stimulated human RPE cells,37,38 whereas IL-6 may also be produced by 
several inflammatory cells invading the subretinal space after RRD due to chemotac-
tic signalling.39 In addition, IL-6 itself was found to induce chemokines and to am-
plify the recruitment of leukocytes in an animal model.40 Consistent with these data, 
we reported the correlation between IL-6 and a wide range of chemokines in 
subretinal fluid samples from patients with retinal detachment.22 IL-6, in contrast, 
may also serve as a photoreceptor neuroprotectant, as was shown in an experimen-
tal model of retinal detachment.41 Results of our current study were in line with 
those of Kon et al8 and El-Ghrably et al,9 suggesting a role for IL-6 in the early altera-
tions that may induce postoperative PVR (Table S1). Interestingly, we found signifi-
cantly lower IL-6 levels in patients with higher postoperative PVR grades, for which 
we have no sound explanation. 

Similar to IL-6, we found median VEGF levels to be two to three times elevated 
in subretinal fluid samples of patients with PVR. Since PVR is characterized by the 
formation of mainly avascular membranes, it was hypothesized that VEGF may have 
functions other than inducing angiogenesis.4 This hypothesis was supported by 
growing evidence of a possible interaction of VEGF with non-endothelial cells in the 
eye. A previous study has shown that RPE cells in situ, as well as RPE cells in epireti-
nal membranes and in culture, express VEGF receptors.4 In the majority of these  
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membranes, VEGF and its receptors were co-localized, indicating that an autocrine 
and/or paracrine mechanism may exist. Other studies identified VEGF receptors on 
other non-endothelial cells in the eye such as on adult photoreceptor cells and 
Müller cells, implicating a role for VEGF in the maintenance of the adult neural ret-
ina by supporting cell survival of these retinal cells.42 Interestingly, VEGF has also 
been shown to induce monocyte activation manifested by the induction of mono-
cyte chemotaxis.7 Thus, VEGF probably exerts pleiotropic effects on diverse cell 
types such as RPE cells and monocytes, which play major roles in the development 
of PVR. 

The presence of ICAM-1 in epiretinal membranes and vitreous of patients with 
PVR has been demonstrated earlier in a few studies.43,44 In addition, ICAM-1 expres-
sion has been found on cultured human RPE cells and was upregulated after stimu-
lation with IL-1, TNF-α, or IFN-γ.45 ICAM-1 has an important role in regulating leuko-
cyte migration into sites of inflammation, thereby enhancing cytokine-mediated 
inflammatory reactions after retinal detachment. Limb and Chignell10 showed that 
high levels of ICAM-1 may constitute an additional risk factor to known clinical risk 
factors for the development of PVR. Our study confirmed these results, and we 
showed that ICAM-1 is not only an independent predictor of postoperative PVR, but 
also of visual outcome after reattachment surgery. 

The use of multiplex immunoassays entails research that is basically hypothesis-
generating. We identified IL-2 and IL-3 as novel candidates in the activation of PVR 
development. Elevated concentrations of these cytokines in our samples suggest 
their involvement in the initial stages of PVR pathogenesis. IL-3, which was shown to 
be the best predictor of postoperative PVR in our study population, exerts proin-
flammatory actions by the activation of hematopoietic cells of various lineages in-
cluding macrophages,46 and is mainly synthesized by T-lymphocytes.47 Together with 
studies showing their presence in ocular fluids and epiretinal membranes from pa-
tients with PVR,48,49 our results underscore a possible role for T lymphocytes in the 
pathogenesis of PVR. Since microglial cells have also been shown to express IL-3,50 
its cellular source and function after retinal detachment remain unknown. 

So far, the use of intravitreal pharmacologic agents has not been proven to be 
efficacious in the prevention or treatment of PVR and most efforts have been dedi-
cated to modulate the clinical risk factors.13,14 Despite these efforts PVR is still the 
primary cause of failure of retinal detachment surgery and a frequent cause of legal 
blindness in developed countries. Therefore, more insight in its pathogenesis is 
needed to develop further prevention strategies. The identification of laboratory 
predictors of PVR (IL-3, IL-6, ICAM-1) may help us to treat only those patients at 
greatest risk. On the other hand, the identification of preoperative visual acuity as 
an independent predictor of postoperative PVR should be viewed with caution since 
it is merely a result of statistical analysis and is most likely due to a higher propor-
tion of patients with macular involvement in the PVR group. Future prospective 
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studies are necessary to test the validity of our study. Since we only assessed cyto-
kine content in subretinal fluid samples from patients who underwent scleral buck-
ling surgery for primary RRD, predictors of postoperative PVR derived from our 
study results may not be applicable to other patient populations (e.g., patients who 
undergo a vitrectomy). The present study did not include known PVR associated 
factors such as platelet-derived growth factor (PDGF) or transforming growth factor 
(TGF)-β.30,51 The PDGF assay has not yet been developed by the Luminex Core Facil-
ity, whereas the TGF-β assay needs a prior acid activation to convert the latent into 
the activated form, which prevents its simultaneous detection with other cytokines 
in the multiplex bead immunoassay. 

In summary, our findings show that several cytokines are upregulated after the 
onset of RRD in patients in whom postoperative PVR develops after primary RRD 
repair. An exaggerated inflammatory response in this subset of patients may thus 
be the underlying phenomenon that ultimately leads to the formation of PVR mem-
branes. Moreover, we report that IL-3, IL-6, ICAM-1, and preoperative visual acuity 
were independent predictors of PVR and may be useful in identifying those patients 
at greatest risk. Importantly, elevated levels of IL-3 may shed new light on PVR 
pathogenesis and may suggest T cell and/or microglial cell involvement in the early 
events of PVR development. 
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Abstract 

Purpose: Adipokines have recently emerged as a novel group of mediators with 
important roles in inflammatory and immune responses and in the process of 
wound healing. This study investigated the involvement of several adipokines in the 
future development of proliferative vitreoretinopathy (PVR) following reattachment 
surgery for rhegmatogenous retinal detachment (RRD). 
Methods: A multiplex immunoassay was used to measure 6 different adipokines in 
75 subretinal fluid samples collected during reattachment surgery for primary RRD. 
Twenty-one patients who developed a redetachment due to postoperative PVR 
after scleral buckling surgery (PVR group) were compared with age-, sex-, and stor-
age-time–matched RRD samples from 54 patients with an uncomplicated postop-
erative course (RRD group). 
Results: Levels of adiponectin (P = 0.006), cathepsin S (P = 0.001), and leptin (P = 
0.041) were significantly elevated in the PVR group as compared to the RRD group. 
Levels of tissue inhibitor of metalloproteinase (TIMP)-1 were significantly lower in 
the PVR group than in the RRD group (P = 0.044). After correction for diabetes, body 
mass index (BMI), macular involvement, and preoperative PVR, the association 
between postoperative PVR development and adiponectin, cathepsin S, and TIMP-1 
remained statistically significant (P < 0.05), whereas the significant correlation be-
tween PVR and elevated leptin levels was lost (P = 0.068). There were no significant 
differences in levels of chemerin (P = 0.351) and adipsin (P = 0.915). Of all adipoki-
nes investigated, multivariate logistic regression analysis showed that adiponectin 
was the exclusive predictor of the development of postoperative PVR after scleral 
buckling surgery (P = 0.003). 
Conclusions: Our findings indicate that, at the time of surgery for primary RRD, an 
altered expression of certain adipokines is associated with the future development 
of postoperative PVR. 
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Introduction 

Although the success rate of rhegmatogenous retinal detachment (RRD) surgery has 
improved significantly over the past few decades, the development of proliferative 
vitreoretinopathy (PVR) remains the primary cause of failure of reattachment 
strategies.1 PVR comprises a series of events which show similarities with the nor-
mal wound-healing cascade involving inflammation, migration and proliferation of 
cells, extracellular matrix deposition, and contraction. Several cytokines and growth 
factors are involved in these complex processes that ultimately lead to PVR mem-
brane formation.2 

Adipose tissue has been found to produce a wide range of cytokines, named 
adipokines, that participate in physiological and pathological processes such as food 
intake, body mass control, insulin sensitivity, and vascular sclerotic processes.3 Re-
cently, adipokines have emerged as a novel group of mediators with important roles 
in inflammatory and immune responses and in the process of wound healing.3 They 
are mainly produced by adipocytes but may as well originate from a wide variety of 
other cell types in various body tissues. For example, adipokines and their receptors 
have been detected in the gastric mucosa, liver, intestine, bone, skeletal muscle, 
and placenta, indicating that they also have other biological functions besides their 
roles in appetite, metabolism, and adipogenesis.4–6 

One of the most extensively studied adipokines in the eye is leptin. Leptin levels 
have been shown to be significantly elevated in the vitreous of patients with prolif-
erative diabetic retinopathy as well as in patients with retinal detachment, and 
leptin and its receptor have also been detected in fibrovascular and idiopathic 
epiretinal membranes.7 In addition, leptin expression was increased in the retina, 
choroid, and sclera in experimental uveitis.8 These studies suggest a role for this 
cytokine in inflammatory and fibrotic processes within the eye. Similar to leptin, the 
adipokines adiponectin, cathepsin S, and tissue inhibitor of metalloproteinase 
(TIMP)-1 have been detected in the eye and have been implicated in inflammatory 
disease or in wound healing and remodelling processes of the retina.9–14 

In previous studies on biological alterations after primary RRD, we used recently 
developed multiplex immunoassays for the detection of a wide range of chemoki-
nes, interleukins, and growth factors.15,16 In the present study, we investigated the 
expression of adiponectin, cathepsin S, TIMP-1, leptin, chemerin, and adipsin in 
subretinal fluid samples obtained during scleral buckling surgery in patients from 
the same population. Patients who developed a redetachment due to postoperative 
PVR were compared to patients with an uncomplicated postoperative course. We 
found that altered levels of adiponectin, cathepsin S, and TIMP-1 were associated 
with the future development of postoperative PVR. 
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Material and methods 

Patients 

Between 2001 and 2008, we collected 306 subretinal fluid samples obtained from 
302 patients with primary RRD, and stored them in our Biobank. According to a 
thorough medical record study, 45 samples represented patients who developed a 
redetachment due to PVR later on during the postoperative course. Of these, 24 
samples were not investigated in the present study after applying the following 
exclusion criteria: low sample volume (< 75 µL) or contamination with blood (n = 9); 
late PVR development, i.e. more than 2½ months after reattachment surgery (n = 6); 
preoperative vitreous hemorrhage (n = 4); preoperative trauma (n = 4); and preop-
erative cryotherapy (n = 1). The remaining 21 samples from 21 patients who devel-
oped a redetachment due to PVR within 2½ months after scleral buckling surgery 
for primary RRD were included in the study (the PVR group). We compared this 
group of patients with age-, sex-, and storage-time-matched RRD samples from 54 
patients who did not develop a redetachment during the overall follow-up period of 
at least 3 months, i.e. patients with an uncomplicated postoperative course after 
primary RRD repair (the RRD group). The same exclusion criteria applied to the RRD 
group. 

The study was performed with the agreement of the University Hospital Maas-
tricht Medical Ethics Committee. All patients gave their informed consent before 
inclusion in the study and after the nature of the study was explained. The study 
adhered to the tenets of the Declaration of Helsinki. 

Clinical variables 

For all 75 patients who underwent reattachment surgery for primary RRD demo-
graphic variables and potential clinical risk factors for PVR development were col-
lected (Table 1). The median follow-up time was 21 months in the PVR group (range 
3 – 80) and 6 months in the RRD group (range 3 – 80). PVR was graded according to 
the 1983 Classification of Retinal Detachment with PVR.17 Data were collected as 
“0” in the absence of PVR, “1” for PVR grade A, “2” for PVR grade B, “3” for PVR 
grade C, and “4” for PVR grade D. Duration of retinal detachment was defined as the 
interval between the onset of symptoms and surgery and was estimated according 
to a precise history of patients’ symptoms. Duration of macular detachment was 
evaluated separately and was defined as the interval between the onset of a sudden 
drop in visual acuity and reattachment surgery. The refraction of pseudophakic 
patients was evaluated based on historical data, i.e. before these patients under-
went cataract surgery. 
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Table 1 Demographics and Potential Clinical Risk Factors for PVR 

Potential Clinical 
Risk Factor 

RRD Group 
(n = 54) 

PVR Group 
(n = 21) 

Univariate 
Testing 

Age (years) 
 Median (range) 

 
61 (43 – 79) 

 
62 (43 – 76) 

 
NSa 

Sex (%) 
 Female 
 Male 

 
26 
74 

 
29 
71 

 
NS 

BMI 
 Median (range) 

 
25.9 (17.8 – 33.0) 

 
25.6 (19.5 – 31.9) 

 
NS 

Size of retinal detachment 
(quadrants) 
 Median (range) 

 
 

2 (1 – 3) 

 
 

2 (1 – 4) 

 
 

NS 
Total size of retinal defects 
(optic disc diameters) 
 Median (range) 

 
 

2 (0 – 5.5) 

 
 

1 (0 – 4) 

 
 

NS 
Macular detachment (%) 64 86 NS 
Detachment duration (days) 
 Median (range) 

 
5 (1 – 75) 

 
6 (1 – 90) 

 
NS 

Preoperative PVR grade 
 Median (range) 

 
1 (0 – 3) 

 
2 (0 – 3) 

 
NS 

Diabetes mellitus (%) 11 10 NS 
Preoperative myopia >5Da (%) 17 24 NS 
Preoperative lens status (%) 
 Pseudophakia 
 Aphakia 

 
19 
0 

 
33 
0 

 
NS 
NS 

Preoperative uveitis (%) 0 0 NS 
Preoperative cryotherapy (%) 0 0 NS 
Preoperative vitreous 
hemorrhage (%) 

 
0 

 
0 

 
NS 

Preoperative trauma (%) 0 0 NS 
a NS = not significant; D = diopters. 

Specimens 

Undiluted subretinal fluid samples are routinely obtained during scleral buckling 
surgery for primary RRD in our department, except in cases with shallow detach-
ments or small detachments involving less than one quadrant. Before the incision, 
scleral and choroidal vessels were carefully cauterized. A cotton tip was used for the 
removal of any macroscopic blood that surrounded the incision opening. Samples 
were collected from the surface of the sclera with the use of a 25-gauge bent nee-
dle. Upon collection, these samples were transferred to the Biobank Maastricht, 
where they were aliquoted in 50 µL portions and stored at -80°C. 
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Multiplex immunoassay 

An in-house-validated panel of 6 different adipokines was measured at the Luminex 
Core Facility (Utrecht, The Netherlands) with a multiplex immunoassay (Luminex, 
Austin, TX, USA), as described previously.18 In summary, the antibody-coated micro-
spheres were incubated for 60 minutes with standards or subretinal fluid (50 µL) in 
96-well, 1.2-µm filter plates (Millipore, Amsterdam, The Netherlands). Plates were 
washed (Bio-Plex pro II wash station, Bio-Rad, Hercules, CA, USA), and a cocktail of 
biotinylated detection antibodies was added for an additional 60 minutes. After 
repeated washings streptavidin–phycoerythrin was added and incubated for 10 
minutes. Next, after 2 additional washes fluorescence intensity was measured. Data 
collection and analysis of the data from all assays were performed (Bio-Plex system 
in combination with Bio-Plex Manager software, ver. 4.1; Bio-Rad, Hercules, CA, 
USA), by using five-parameter curve fitting. The concentrations of the following 
adipokines were measured: adiponectin, cathepsin S, TIMP-1, leptin, chemerin, and 
adipsin. The lower limit of detection of the adipokines ranged between 1.0 and 109 
pg/mL. Concentrations above the upper detection limit were assigned the highest 
value from the respective standard curve. 

Statistics 

Since data were not normally distributed, the nonparametric Mann Whitney U test 
was used to compare ordinal variables such as adipokine levels between the PVR 
group and the RRD group. Accordingly, the chi-square test was used for the com-
parison of nominal variables such as sex and diabetes mellitus. Correlations were 
determined by the Spearman’s rho test. Multivariate logistic regression analysis was 
used to investigate the role of confounding variables with respect to the association 
between adipokine levels and postoperative PVR development. The following vari-
ables were tested as possible confounders: sex, body mass index (BMI), presence of 
diabetes, involvement of the macular area in the retinal detachment, detachment 
duration, and preoperative PVR. To reduce the number of possible confounding 
variables and to prevent overfitting of the model, we first tested the influence of 
each individual possible confounder on the value of the coefficient of each specific 
adipokine. A change in the coefficient of more than 10% was chosen as a cut-off 
point to enter the variable in the final multivariate regression model. Forward step-
wise logistic regression analysis was used to assess the data’s predictive ability in 
determining the occurrence of a redetachment due to postoperative PVR. SPSS 16.0 
and GraphPad Prism 4.00 were used for statistical analysis. Differences between 
groups were considered significant at P < 0.05, with two-tailed testing. 
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Results 

Demographics and clinical variables 

Demographics and potential clinical risk factors for PVR are summarized in Table 1. 
In total, 75 subretinal fluid samples from 75 patients with primary RRD were ana-
lyzed for adipokine content. Twenty-one patients who developed a redetachment 
due to PVR (PVR group) were compared with 54 patients with an uncomplicated 
postoperative course after reattachment surgery (RRD group). Both groups were 
matched for age, sex, and storage time of the sample. The median age was 62 years 
in the PVR group (range 43 – 76) and 61 years in the RRD group (range 43 – 79), and 
the majority of patients was male in both groups (71% vs. 74%, respectively). The 
median time interval between scleral buckling surgery and redetachment due to 
PVR was 37 days (range 13 – 80). In this group of patients, 10 patients had a rede-
tachment due to postoperative PVR grade B, 10 patients due to postoperative PVR 
grade C, and one patient due to postoperative PVR grade D. Differences between 
the PVR group and the RRD group with respect to baseline characteristics were 
nonsignificant, including involvement of the macula in the detachment (P = 0.067), 
the duration of symptoms between onset and reattachment surgery (P = 0.650), 
preoperative PVR (P = 0.218), BMI (P = 0.630), and the number of patients with 
diabetes (P = 0.842) (Table 1). 

Adipokine levels in subretinal fluid 

Levels of adiponectin, cathepsin S, leptin, chemerin, and adipsin were detected in all 
75 samples investigated, whereas TIMP-1 levels were above the upper detection 
limit in 23/75 (31%) samples. Adipokine levels in the RRD group and the PVR group 
are summarized in Table 2 and illustrated in Fig. 1. 

The median levels of adiponectin were significantly elevated in the PVR group 
(26877 pg/mL; range 7810 – 46132) as compared to the RRD group (17699 pg/mL; 
range 2300 – 38737) (P = 0.006). After correction for BMI, which was the only vari-
able that influenced the coefficient of adiponectin, a bivariate analysis still showed a 
significant association between elevated adiponectin levels and postoperative PVR 
development (P = 0.002). Adiponectin levels were similar between those with and 
without diabetes (P = 0.643), and no significant association was found between 
adiponectin levels and BMI (r = -0.15; P = 0.25). On the other hand, a trend toward 
higher median levels in females (26872 pg/mL) as compared to males (17549 
pg/mL) was observed (P = 0.052). 
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Table 2 Adipokine Levels and the Development of Postoperative PVR 

Adipokine 
(pg/mL) 

RRD Group 
(n = 54) 

PVR Group 
(n = 21) 

Univariate 
testing 

Adiponectin 
 Median 
 (range) 

 
17699 

(2300 – 38737) 

 
26877 

(7810 – 46132) 

 
P = 0.006 

Cathepsin S 
 Median 
 (range) 

 
4592 

(1230 – 10151) 

 
6119 

(2326 – 9453) 

 
P = 0.001 

TIMP-1 
 Median 
 (range) 

 
16356 

(8581 – >26200) 

 
14401 

(8724 – >26200) 

 
P = 0.044 

Leptin 
 Median 
 (range) 

 
1136 

(693.6 – 7397) 

 
2357 

(817.9 – 13067) 

 
P = 0.041 

Chemerin 
 Median 
 (range) 

 
21361 

(6496 – 42930) 

 
18995 

(11768 – 36001) 

 
P = 0.351 

Adipsin 
 Median 
 (range) 

 
94.9 

(35.7 – 145.8) 

 
85.8 

(39.2 – 270.0) 

 
P = 0.915 

 
 
 
A highly significant difference was also noted for cathepsin S with median levels of 
6119 pg/mL (range 2326 – 9453) in the PVR group and 4592 pg/mL in the RRD group 
(range 1230 – 10151) (P = 0.001). Macular involvement in the primary retinal de-
tachment and BMI were considered confounding variables due to their influence on 
the coefficient of cathepsin S. After multivariate analysis, the association between 
elevated cathepsin S concentrations and development of PVR remained statistically 
significant (P = 0.029). Sex, presence of diabetes, and BMI were not associated with 
cathepsin S levels (P > 0.05). 

For TIMP-1, 2/21 (9.5%) PVR samples and 21/54 (38.9%) RRD samples were 
above the upper detection limit. The number of samples that was detected by our 
multiplex immunoassay was significantly different between both groups (P = 0.013). 
Moreover, median levels of TIMP-1 were significantly lower in the PVR group (14401 
pg/mL; range 8724 – >26200) than in the RRD group (16356 pg/mL; range 8581 – 
>26200) (P = 0.044). None of the possible confounding variables (sex, BMI, diabetes, 
macular involvement, detachment duration, and preoperative PVR) influenced the 
coefficient of TIMP-1. No significant associations were found between TIMP-1 levels 
and sex, diabetes, or BMI (P > 0.05). 

We found a 2-fold elevation of median leptin levels in patients who developed 
postoperative PVR (2357 pg/mL; range 818 – 13067) as compared to RRD patients 
with an uncomplicated postoperative course after reattachment surgery (1136 
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pg/mL; range 694 – 7397) (P = 0.041). Preoperative PVR, BMI, and presence of dia-
betes may be considered as confounding variables since they influenced the coeffi-
cient of leptin. After correction for these variables in a multivariate analysis, the 
association between elevated leptin levels and PVR development lost significance (P 
= 0.068). Median leptin levels were significantly elevated in female patients (2196 
pg/mL; n = 20) as compared to male patients (1118 pg/mL; n = 55) (P = 0.003), 
whereas a trend was shown toward increased levels in patients with diabetes (2900 
pg/mL; n = 8) as compared to those without diabetes (1214 pg/mL; n = 67) (P = 
0.091). Furthermore, subretinal fluid leptin levels correlated significantly with body 
mass index (BMI) (r = 0.40) (P = 0.001). There were no significant differences in 
levels of chemerin (P = 0.351) and adipsin (P = 0.915) between the PVR group and 
the RRD group. 

Correlations between adipokines and clinical variables 

There was a positive correlation (P < 0.001) between adiponectin and both cathep-
sin S (r = 0.57) and leptin (r = 0.49), and between cathepsin S and leptin (r = 0.46). A 
negative correlation was found between TIMP-1 and each adiponectin (r = -0.41) (P 
< 0.001), cathepsin S (r = -0.53) (P < 0.001), and leptin (r = -0.36) (P = 0.002). In gen-
eral, correlations between adipokines and clinical variables were low (r < 0.4). For 
example, both adiponectin and leptin were correlated (P < 0.05) with the duration 
of macular detachment (r = 0.34 and r = 0.30, respectively), and cathepsin S was 
found to be correlated with the number of quadrants involved (r = 0.34). We found 
TIMP-1 to be negatively associated (P < 0.05) with the duration of macular detach-
ment and the number of quadrants involved (r = -0.31 and r = -0.35, respectively). 
There were no significant correlations between preoperative PVR and levels of any 
adipokine. 

Of all adipokines investigated, logistic regression analysis showed that adi-
ponectin was the exclusive predictor of the development of a redetachment due to 
PVR after scleral buckling surgery (P = 0.003). We found that for each 10000 pg/mL 
increase in adiponectin content, the probability of the occurrence of postoperative 
PVR increased with an odds ratio of 2.3. 

Discussion 

The current study showed an association between increased levels of adiponectin 
and cathepsin S as well as decreased levels of TIMP-1 and the development of post-
operative PVR after reattachment surgery for primary RRD. Stepwise logistic regres-
sion analysis revealed that adiponectin was an independent predictor of postopera-
tive PVR. 
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Recent animal studies have demonstrated an altered expression of genes and prote-
ins related to inflammation already 24 hours after creation of experimental retinal 
detachment.19,20 Elevated levels of some of these mediators may lead to an aber-
rant wound healing response and predispose an individual to the future develop-
ment of complications such as PVR. Analysis of subretinal fluid soon after the onset 
of primary RRD but before the development of postoperative PVR may shed light on 
the initial alterations that underlie the pathogenesis of PVR by comparison of those 
who develop a future redetachment due to postoperative PVR (within 2½ months 
after sampling) and those who have an uncomplicated follow-up. Since it is most 
likely that a new event causes a recurrence in patients who have PVR developed 
after 3 months rather than the stimulus that is of our interest,21 patients with late 
PVR development were excluded from our study. Moreover, we excluded the sam-
ples from patients with preoperative conditions that possibly induce PVR, since 
these would have yielded high cytokine levels that were directly related to that 
condition. 

We used bead-based multiplex immunoassays for the simultaneous measure-
ment of 6 different adipokines. Compared to enzyme-linked immunosorbent assay 
(ELISA), this technique combines similar performance with limited sample volume 
requirements.22 Although multiplex immunoassays have a very wide range of stan-
dard curves, TIMP-1 levels were above the upper detection limit in almost one-third 
of samples. Due to the limited amount of sample volumes being collected during 
scleral buckling procedures, a dilution step could not be performed. To identify 
factors that may induce the development of postoperative PVR, analysis of subreti-
nal fluid rather than vitreous fluid may be more appropriate because of its close 
proximity to the retinal pigment epithelium (RPE) monolayer after initial retinal 
detachment. 

Baseline characteristics in both the PVR group and the RRD group appeared 
similar. Nevertheless, testing for possible confounding variables and correction for 
some of these were necessary due to small differences in several important preop-
erative parameters including macular involvement, duration of detachment, and 
preoperative PVR. Furthermore, sex, BMI, and diabetes were considered possible 
confounding variables since these have been shown to be associated with adipokine 
serum levels in previous studies.23–27 After correction for preoperative confounding 
variables, levels of adiponectin, cathepsin S, and TIMP-1 remained significantly dif-
ferent between both groups. 

Adiponectin has been attributed anti-inflammatory properties next to its roles 
in the regulation of insulin sensitivity and hepatic glucose metabolism.28,29 In par-
ticular, adiponectin has been shown to stimulate the secretion of anti-inflammatory 
cytokines such as interleukin-10, inhibits the expression of adhesion molecules and 
reduces nuclear factor kappa B (NFκB) levels in endothelial cells, and promotes the 
differentiation of monocytes into the anti-inflammatory M2 macrophage pheno-
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type.30,31 However, some controversy in the literature exists on adiponectin’s role in 
attenuating excessive inflammatory responses, since increased levels of adiponectin 
have been observed in patients with ulcerative colitis (serum), multiple sclerosis 
(cerebrospinal fluid), and rheumatoid arthritis (serum and synovial fluid).27,32–34 
Moreover, in vitro studies have shown that adiponectin induces the production of 
pro-inflammatory cytokines in synovial fibroblasts.35 In the rat eye, adiponectin and 
its receptors have been demonstrated in various locations including the choroid, 
iris, ciliary body, and cornea.36 In a rodent model of laser-induced choroidal neovas 
cularization, treatment with adiponectin resulted in decreased levels of vascular 
endothelial growth factor (VEGF) and inhibition of choroidal angiogenesis, suggest-
ing a therapeutic role for adiponectin in wet age-related macular degeneration 
(AMD).9 Whether adiponectin may help induce the development of PVR or counter-
acts an excessive inflammatory response after retinal detachment needs to be ad-
dressed in future studies. 

 
 
 

 
 
Figure 1 Box-and-whisker plots of adipokine levels in patients with primary rhegmatogenous retinal 
detachment. A multiplex immunoassay was used to determine 6 different adipokines in subretinal fluid 
samples obtained during scleral buckling surgery for rhegmatogenous retinal detachment. Patients who 
developed a redetachment due to postsurgical PVR within 2½ months after reattachment surgery (n = 21, 
‘PVR’ group) were compared with controls who had an uncomplicated retinal detachment during the 
overall follow-up period (n = 54, ‘RRD’ group). Levels of adiponectin, cathepsin S, and leptin were signifi-
cantly higher (P < 0.05), whereas levels of TIMP-1 were significantly lower (P < 0.05) in patients in the 
PVR group as compared to patients in the RRD group. After correction for confounding variables, the 
significant difference in leptin levels between the PVR group and the RRD group was lost (P = 0.068) (see 
text). Box: lower and upper quartiles; horizontal line: the median. 
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The cysteine protease cathepsin S is involved in extracellular matrix degradation and 
has a key role in antigen presentation.26 Although serum cathepsin S levels are 
strongly correlated with adipose tissue size, we could not find an association bet-
ween our subretinal fluid levels and BMI, indicating the local production of this 
protease in the eye. Within the eye, cathepsin S predominates in the RPE and choro-
id, and plays an important role in the maintenance of photoreceptor cells via lyso-
somal digestion of outer segments.12,37,38 Also the natural inhibitors of proteases, 
like TIMP-1, may have a role in normal retinal homeostasis. Not surprisingly, an 
altered expression of TIMP-1 is believed to play a role in ocular fibrosis. RPE cells, 
among other cells, have been shown to produce TIMP-1 in vitro,39 and TIMP-1 has 
been demonstrated in epiretinal and subretinal membranes.14 Moreover, elevated 
vitreous TIMP-1 levels were associated with PVR development.40 In contrast to this 
latter report, we found decreased levels in patients who developed PVR as compa-
red to patients who did not. These conflicting results may be explained by differen-
ces in sampling specimen, sampling size, baseline characteristics of the study popu-
lation, and most importantly, timing of sampling (preclinical stage versus end-stage 
PVR). As tissue remodelling plays a pivotal role in tissue repair, an imbalance in the 
proteolytic environment has been implicated in fibrotic disorders and scar tissue 
formation following injury.11 Therefore, the altered expression of TIMP-1 and ca-
thepsin S in the PVR group in the current study and their correlations with the ex-
tent and duration of retinal detachment may indicate their involvement in wound 
healing processes in the detached retina. 

Besides its roles in lipid metabolism, energy use, and satiety, leptin has 
emerged as a pleiotropic molecule with involvement in a broad range of biological 
functions.4,41 In both ob/ob and db/db mice, defective in leptin and leptin receptor, 
respectively, a dysregulation of immune and inflammatory responses and an im-
paired wound healing has been observed.42–47 Leptin levels have been shown to be 
elevated in inflammatory bowel disease, rheumatoid arthritis, multiple sclerosis, 
Behçet’s disease, and Vogt-Koyanagi-Harada disease,48–52 underlining its possible 
pro-inflammatory properties. Although we found a twofold elevation of median 
leptin levels in the PVR group as compared to the RRD group, this difference lost 
statistical significance (P = 0.068) after correction for preoperative PVR, BMI, and 
diabetes. Taken together, it appears that increased levels of leptin do not predis-
pose to PVR development after primary retinal detachment. Previous studies on 
leptin in retinal detachment have not distinguished between those who develop 
postoperative PVR and those with an uncomplicated follow-up.7,53 

Adipokines have recently emerged as novel mediators in inflammatory re-
sponses and wound healing processes in several disease entities. In this report we 
have shown the altered expression of adiponectin, cathepsin S, and TIMP-1 in 
subretinal fluid specimens obtained from patients who developed a redetachment 
due to PVR. Together with the significant correlations between these adipokines 
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and the extent and/or duration of retinal detachment, our findings indicate that 
these mediators may contribute to the early cellular processes that ultimately lead 
to the development of postoperative PVR. 
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Abstract 

Purpose: To investigate the potential of a combined assessment of clinical risk fac-
tors and biomarker profiling in the prediction of proliferative vitreoretinopathy 
(PVR) after retinal detachment surgery. 
Methods: Multiplex bead-based immunoassays were used for the simultaneous 
measurement of 50 biomarkers in subretinal fluid samples obtained from patients 
who underwent scleral buckling surgery for primary rhegmatogenous retinal de-
tachment (RRD). Of 306 samples that were collected and stored in our BioBank, we 
selected 21 samples from patients who developed a redetachment due to PVR 
within 3 months after reattachment surgery for primary RRD (PVR group). These 
were compared with age-, sex-, and storage-time-matched RRD samples from 54 
patients with an uncomplicated postoperative course after primary RRD repair (RRD 
group). 
Results: Preoperative PVR was the only clinical variable that was an independent 
predictor of postoperative PVR development (P = .035), and resulted in an area 
under the receiver operating characteristic curve (AUC) of 0.67 (95% confidence 
interval (CI) 0.51 – 0.83). The addition of the biomarkers chemokine (C-C motif) 
ligand 22 (CCL22), interleukin-3, and macrophage migration inhibitory factor im-
proved the model significantly (P < .001) and resulted in an AUC of 0.93 (95% CI 0.82 
– 1.04). A sensitivity of 94.1% and a specificity of 94.2% were reached, using a cutoff 
value of 32%. 
Conclusions: In combination with preoperative PVR grade, the measurement of a 
single biomarker or a small multibiomarker panel shows great potential and may 
predict postoperative PVR development after primary RRD in a highly sensitive and 
specific manner. 
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Introduction 

Proliferative vitreoretinopathy (PVR) is a common cause of failure of reattachment 
surgery after primary rhegmatogenous retinal detachment (RRD). It is characterized 
by intraretinal fibrosis and the formation of cellular membranes on both sides of the 
retina. In fact, the PVR process is reminiscent of an aberrant wound healing re-
sponse in which several stages can be distinguished, including the influx of inflam-
matory cells, migration and proliferation of cells, and deposition and remodelling of 
extracellular matrix.1 To improve anatomic or visual success rates of reattachment 
strategies, research has focused on the use of intravitreal pharmacological agents 
directed against one or more of these stages.2 So far, none of these is used in clini-
cal practice on a routine basis because of lack of efficacy or concerns about retinal 
toxicity.3–6 For example, the combined intravitreal use of 5-fluorouracil and heparin 
did not show an improved outcome of vitreoretinal surgery for established PVR or 
unselected RRD cases.5,6 More promising results were however demonstrated for 
selected RRD patients at high risk for developing postoperative PVR.7 These studies 
have emphasized the need for the identification of high-risk subgroups to improve 
the risk-benefit ratio of pharmacological adjunct strategies. If the development of 
postoperative PVR is predictable, only patients at high risk may be targeted with 
drugs that are potentially detrimental to retinal tissues. Moreover, these clinical 
trials have underscored the importance of research that focuses on the pre-clinical 
stages of PVR rather than on patients with established PVR. 

Although several studies have identified clinical risk factors for the development 
of PVR,8,9 attempts to evaluate the potential of biomarker profiling have been 
scarce until now.10,11 Since a wide range of cytokines has been suggested to play a 
role in the pathogenesis of PVR,10–14 it is likely that specific cytokines could serve as 
PVR biomarkers that can be used as prognostic factors in patients with primary RRD. 
Pathological processes such as the breakdown of the blood-retinal barrier, the mi-
gration and proliferation of retinal pigment epithelial cells and glial cells, and the 
influx of inflammatory cells into the subretinal space may produce PVR-specific 
cytokine profiles. In previous studies on early biological alterations after primary 
RRD, we have demonstrated a possible causal relation between some cytokines and 
the development of postoperative PVR.14,15 In the present study, we have extended 
the biomarker panel in the same patient population and have addressed the poten-
tial of these biomarkers in a clinical setting. So far, prediction models have been 
constructed based on clinical parameters only.16,17 The aim of the present study was 
to identify biological markers that in conjunction with clinical factors are able to 
predict the future development of postoperative PVR with high sensitivity and high 
specificity. 
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Methods 

Patients 

Undiluted subretinal fluid samples were obtained in patients who underwent scleral 
buckling surgery for primary RRD. In our department, this surgical procedure was 
only used in patients with retinal detachments up to PVR grade C1 according to the 
1983 classification.18 Subretinal fluid was not collected in relatively simple cases, i.e. 
patients with small retinal detachments (<1 quadrant involved) and patients with 
shallow detachments. All patients were operated on by three experienced vitreo-
retinal surgeons. Of 306 samples that were collected between 2001 and 2008, 45 
patients developed a redetachment due to PVR during the postoperative course 
requiring repeat surgery, as was revealed by a thorough medical record study. 
Twenty-four of those were excluded because of the following reasons: low sample 
volume or contamination with blood (n = 9), late PVR development (>3 months after 
the primary surgical procedure) (n = 6), preoperative vitreous hemorrhage (n = 4), 
preoperative trauma (n = 4), and preoperative cryotherapy (n = 1). None of the 
patients who developed postoperative PVR had preoperative uveitis. The remaining 
21 samples comprised the PVR group and these were compared with control 
subretinal fluid samples from the RRD group, i.e. patients who had an uncompli-
cated follow-up after scleral buckling surgery for primary RRD. Every single PVR 
sample was compared with 2 to 3 age-, sex-, and storage-time-matched RRD sam-
ples, which resulted in 54 control samples. The same exclusion criteria applied to 
the RRD group. 

Clinical Risk Factors for the Prediction of Proliferative Vitreoretinopathy 

The following preoperative and intraoperative variables with the potential to induce 
or influence PVR development were collected for all 75 patients: age, sex, size of 
retinal detachment, number of retinal defects, macular detachment, detachment 
duration, preoperative PVR grade, presence of diabetes, pseudophakia, intraopera-
tive gas use, intraoperative cryotherapy, and intraoperative minor hemorrhage. The 
median follow-up time was 21 months in the PVR group (range 3 – 80) and 6 
months in the RRD group (range 3 – 80). PVR was graded according to the 1983 
Classification of Retinal Detachment with PVR.18 For statistical purposes, data were 
collected as “0” in the absence of PVR, “1” for PVR grade A, “2” for PVR grade B, “3” 
for PVR grade C, and “4” for PVR grade D. Duration of retinal detachment was de-
fined as the interval between the onset of symptoms and surgery and was esti-
mated according to a precise history of patients’ symptoms. Duration of macular 
detachment was evaluated separately and was defined as the interval between the 
onset of a sudden drop in visual acuity and reattachment surgery. 
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Biomarkers for the Prediction of Proliferative Vitreoretinopathy 

Biomarkers were measured in subretinal fluid samples obtained during scleral buck-
ling surgery for primary RRD. Upon collection, undiluted samples were transferred 
to the BioBank Maastricht where they were aliquoted in 50 µL portions and stored 
at -80°C until assayed, as described previously.19 Multiplex immunoassays (Luminex, 
Austin, TX, USA) were performed at the Luminex Core Facility (Utrecht, The Nether-
lands) using an in-house-validated panel which incorporates an appropriate Quality 
Control Program.20 In summary, the antibody-coated microspheres were incubated 
for 60 minutes with standards or subretinal fluid (50 µL). Plates were washed (Bio-
Plex pro II wash station, Bio-Rad, Hercules, CA, USA) and a cocktail of biotinylated 
detection antibodies was added for an additional 60 minutes. After repeated wash-
ings, streptavidin–phycoerythrin was added and incubated for 10 minutes. Next, 
fluorescence intensity was measured and analysis of the data from all assays was 
performed (Bio-Plex system in combination with Bio-Plex Manager software, ver. 
4.1; Bio-Rad, Hercules, CA, USA) using five-parameter curve fitting. The concentra-
tions of 50 biomarkers were measured (Table 1). Concentrations above the upper 
detection limit were assigned the highest value from the respective standard curve, 
whereas concentrations below the lower detection limit were assigned the lowest 
value from the respective standard curve. 

Statistical Analysis 

The outcome variable in the present study was postoperative PVR development (yes 
or no). Blockwise logistic regression analysis was used to identify clinical factors and  
 
 
Table 1 Biomarkers studied with the use of multiplex immunoassays 

Biological Group Proteins 

Interleukins IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-11, IL-12p70,
IL-13, IL-15, IL-17, IL-18, IL-21, IL-22, IL-23, IL-25, IL-33 

Growth factors IGF-1, bFGF, NGF, HGF, VEGF 
Chemokines MIF, CCL2, CCL3, CCL5, CCL11, CCL17, CCL18, CCL19, CCL21, CCL22,

CXCL8, CXCL9, CXCL10,  CXCL12, CX3CL1 
Adhesion molecules ICAM-1 
Adipokines Adiponectin, leptin, chemerin, adipsin 
Proteases/inhibitors Cathepsin S, TIMP-1 
Others  TNF-α, IFN-γ 

IL = interleukin; IGF = insulin growth factor; bFGF = basic fibroblast growth factor; NGF = nerve growth 
factor; HGF = hepatocyte growth factor; VEGF = vascular endothelial growth factor; MIF = macrophage 
migration inhibitory factor; CCL = chemokine (C-C motif) ligand; CXCL = chemokine (C-X-C motif) ligand; 
CX3CL = chemokine (C-X3-C motif) ligand; ICAM = intercellular adhesion molecule; TIMP = tissue inhibitor 
of metalloproteinase; TNF = tumor necrosis factor; IFN = interferon. 
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Table 2 Demographics and Potential Clinical Risk Factors for Proliferative Vitreoretinopathy 

Potential Clinical 
Risk Factor 

RRD Group 
(n = 54) 

PVR Group 
(n = 21) 

Univariate 
Testing 

Age (years) 
 Median (range) 

 
61 (43 – 79) 

 
62 (43 – 76) 

 
NS 

Sex (%) 
 Female 
 Male 

 
26 
74 

 
29 
71 

 
NS 

Size of retinal detachment 
(quadrants) 
 Median (range) 

 
 

2 (1 – 3) 

 
 

2 (1 – 4) 

 
 

NS 
Number of retinal defects 
 Median (range) 

 
1 (0 – 7) 

 
1.5 (0 – 5) 

 
NS 

Macular detachment (%) 64 86 NS 
Detachment duration (days) 
 Median (range) 

 
5 (1 – 75) 

 
6 (1 – 90) 

 
NS 

Preoperative PVR grade 
 Median (range) 

 
1 (0 – 3) 

 
2 (0 – 3) 

 
NS 

Diabetes mellitus (%) 11 10 NS 
Pseudophakia (%) 19 33 NS 
Intraoperative gas use (%) 83 81 NS 
Intraoperative cryotherapy (%) 65 71 NS 
Intraoperative minor 
hemorrhage (%) 

 
2 

 
19 

 
P = 0.007 

RRD = rhegmatogenous retinal detachment; PVR = proliferative vitreoretinopathy; NS = not significant. 

 
 
 
biomarkers that were associated with this dichotomous outcome variable. In the 
first step (block one), all clinical preoperative and intraoperative factors, regardless 
their P value, were considered as potential predictors for PVR development. In the 
second step (block two), all biomarkers that reached P values < .05 in univariate 
logistic regression were considered as potential predictors for PVR development. 
Variables in both steps were entered with a forward procedure using a criterion of P 
< .10 for entering a variable in the model. The ability of the constructed model to 
discriminate between those with a nonfavorable outcome (PVR group) and those 
with a favorable outcome (RRD group) was estimated by the area under the receiver 
operating characteristic curve (AUC). Cutoff values that yielded highest sensitivity 
and specificity were chosen. Analyses were performed using SPSS Version 16.0 
(SPSS for Windows; SPSS, Chicago, IL, USA). 
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Results 

Clinical Risk Factors for the Prediction of Proliferative Vitreoretinopathy 

Clinical data and biomarker concentrations were available for all 75 included pa-
tients who underwent scleral buckling surgery for primary RRD. Twenty-one pa-
tients who developed a redetachment due to postoperative PVR were compared 
with 54 age-, sex-, and storage-time–matched RRD control patients who had an 
uncomplicated postoperative course during the overall follow-up period. There 
were 15 men (71%) and 6 women (29%) in the PVR group, with a median age of 62 
years (range 43 – 76). The RRD group consisted of 40 men (74%) and 14 women 
(26%), with a median age of 61 years (range 43 – 79). The median storage time of 
the sample was 3.1 years in both groups. With respect to preoperative clinical pa-
rameters there were no significant differences between the PVR group and the RRD 
group. Similar rates of intraoperative gas use (P = .807) and intraoperative cryother-
apy (P = .585) were observed in both groups. The percentage of patients with minor 
intraoperative hemorrhage was significantly higher in patients who developed post-
operative PVR (4/21 patients, 19%) as compared with those who had an uncompli-
cated postoperative course (1/54 patients, 2%) (P = .007). Since this difference in 
baseline characteristics in this small number of patients may have jeopardized the 
robustness of the prediction model, we excluded these 5 cases from the blockwise 
logistic regression analysis. All preoperative and intraoperative clinical variables are 
summarized in Table 2. 

Biomarkers for the Prediction of Proliferative Vitreoretinopathy 

Subretinal fluid levels of 50 different biomarkers including interleukins, growth 
factors, chemokines, and adipokines were measured using multiplex immunoassays. 
Univariate logistic regression analysis showed that levels of interleukin (IL)-1α, IL-2, 
IL-3, IL-6, IL-11, macrophage migration inhibitory factor (MIF), chemokine (C-C mo-
tif) ligand 2 (CCL2), CCL3, CCL11, CCL17, CCL18, CCL19, CCL22, chemokine (C-X-C 
motif) ligand 10 (CXCL10), cathepsin S, adiponectin, and intercellular adhesion 
molecule (ICAM)-1 were significantly elevated in the PVR group as compared to the 
RRD group, whereas levels of tissue inhibitor of metalloproteinase (TIMP)-1 were 
significantly lower (P < .05) (Table 3). 

Prediction Model for Postoperative PVR 

All clinical parameters except minor intraoperative hemorrhage and the 18 bio-
markers that were shown to be significantly different between the PVR group and 
the RRD group on univariate tests were analyzed for their potential to predict the 
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development of postoperative PVR. After the first step using blockwise multiple 
logistic regression analysis, preoperative PVR was the only clinical variable that was 
an independent predictor of postoperative PVR development (P = .035). The area 
under the receiver operating characteristic curve was 0.67 (95% confidence interval 
(CI) 0.51 – 0.83). The addition of the biomarkers in step 2 improved the model sig-
nificantly (P < .001) and yielded a set of three analytes, i.e. CCL22, IL-3, and MIF, 
that together with preoperative PVR resulted in the best predictive model for post-
operative PVR development. To illustrate, CCL22 was, in conjunction with preopera-
tive PVR, the best predictor and yielded an AUC of 0.89 (95% CI 0.77 – 1.00) (P < 
.001). The addition of IL-3 improved the model significantly (P = .020) and resulted 
in an AUC of 0.91 (95% CI 0.79 – 1.02). A further improvement of the model was 
achieved with the addition of MIF (P = .059), yielding a final AUC of 0.93 (95% CI 
0.82 – 1.04). The ROC curves of each single step are illustrated in the Figure. 

The risk of having PVR developed after scleral buckling surgery for primary RRD 
can be quantified for every individual patient in our study population using preop-
erative PVR grade and the concentrations of CCL22, IL-3, and MIF: 
 
Estimated probability of postoperative PVR development = 
 
1/(1 + e9.53 - 1.23*[preopPVR] - 0.138*[CCL22] - 0.0104*[IL-3] - 0.000245*[MIF]) 
 
where preopPVR represents preoperative PVR grade (no PVR = 0, PVR A = 1, PVR B = 
2, PVR C = 3) and CCL22, IL-3, and MIF are depicted in pg/mL. This formula predicted 
the outcome correctly in 94% of cases in our study population, with a sensitivity of 
94.1% and a specificity of 94.2% using a cutoff value of 32%. This means that the 
model allocates a patient to the PVR group if the estimated probability of develop-
ing postoperative PVR is > 32% and to the RRD group if the estimated probability of 
developing postoperative PVR is < 32%. For patient #21 for example, who developed 
PVR (PVR group), the estimated probability of postoperative PVR development was  
 
1/(1 + e9.53 - 1.23*2 - 0.138*24.44 - 0.0104*464.26 - 0.000245*4927.33) = 91%. 
 
The model predicted the outcome of this patient correctly, i.e. the estimated prob-
ability was above the cutoff value of 32%. For patient #22, who did not develop PVR 
(RRD group), the estimated probability of PVR development was 
 
1/(1 + e9.53 - 1.23*2 - 0.138*17.11 - 0.0104*113.34 - 0.000245*2508.49) = 5%. 
 
The estimated probability was thus below the cutoff value of 32%, indicating that 
the prediction model allocated this patient to the appropriate group. 
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Table 3 Concentrations of biomarkers that were differentially expressed between the RRD group and the 
PVR group 

Biomarker RRD group 
(n = 54) 

PVR group 
(n = 21) 

Univariate 
Testing 

IL-1α 5.8 (2.9 – 11) 7.0 (4.1 – 20) P = 0.006 

IL-2 5.9 (3.7 – 12) 6.6 (3.4 – 18) P = 0.023 
IL-3 101 (24 – 348) 144 (47 – 464) P = 0.001 
IL-6 60 (8.3 – 1211) 149 (36 – 2656) P = 0.002 
IL-11 23 (7.3 – 59) 25 (12 – 89) P = 0.018 
MIF 3618 (997 – 15020) 6691 (1691 – 12900) P = 0.008 
CCL2 849 (442 – 1139) 930 (629 – 1134) P = 0.044 
CCL3 359 (237 – 491) 391 (268 – 662) P = 0.035 
CCL11 8.58 (5.32 – 12.0) 9.18 (6.90 – 15.0) P = 0.001 
CCL17 2.04 (1.41 – 4.31) 2.59 (1.76 – 5.84) P < 0.001 
CCL18 4305 (184 – 14344) 6897 (434 – 14967) P = 0.008 
CCL19 115 (21.4 – 705) 309 (76.8 – 570) P < 0.001 
CCL22 18.2 (11.7 – 44.1) 31.9 (10.9 – 92.5) P < 0.001 
CXCL10 206 (42.6 – 875) 377 (128 – 1002) P = 0.001 
TIMP-1 16356 (8581 – >26200) 14401 (8724 – >26200) P = 0.017 
Adiponectin 17699 (2300 – 38737) 26877 (7810 – 46132) P = 0.002 
Cathepsin S 4592 (1230 – 10151) 6119 (2326 – 9453) P = 0.001 
ICAM-1 19927 (4529 – 40489) 28276 (6780 – 44606) P = 0.002 

RRD = rhegmatogenous retinal detachment; PVR = proliferative vitreoretinopathy; IL = interleukin; MIF = 
macrophage migration inhibitory factor; CCL = chemokine (C-C motif) ligand; CXCL = chemokine (C-X-C 
motif) ligand; TIMP = tissue inhibitor of metalloproteinase; ICAM = intercellular adhesion molecule. 

Discussion 

By the identification of clinical risk factors and the analysis of 50 different bio-
markers in subretinal fluid samples from patients with primary RRD we were able to 
discriminate patients with a favorable outcome (uncomplicated follow-up) from 
patients with an unfavorable outcome (postoperative PVR). The presented data 
demonstrate that, in combination with preoperative PVR grade, the assessment of a 
single biomarker (CCL22) or a multibiomarker panel (CCL22, IL-3, MIF) may be a 
promising approach for the prediction of this fibrotic eye disease. 

Results from studies that have investigated the use of intraoperative adjuvant 
treatments in patients with established PVR have been very disappointing.3–6 
Treatment of these patients may not be successful because of a too advanced dis-
ease process and the irreversible nature of fibrotic sequelae. We believe that sam-
pling after the onset of primary RRD but before the development of postoperative 
PVR may provide clues as to which biological events initiate the formation of PVR 
membranes, and also may indicate which cytokines are most predictive of its devel-
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opment. Therefore, we compared patients who developed postoperative PVR with 
those with an uncomplicated postoperative course after primary RRD. Using this 
design, we have shown a possible causal relation between PVR development and 
certain chemokines, interleukins, adhesion molecules, and apoptotic factors in pre-
vious studies.14,15,19 Samples from patients with preoperative conditions known to 
increase the risk of PVR (preoperative vitreous hemorrhage, preoperative cryother-
apy, and trauma) were excluded from those studies, since these would have yielded 
high cytokine levels that were directly related to that condition. Moreover, we ex-
cluded samples from patients with late PVR development, considering it would be 
more likely that in patients who have PVR developed after 3 months, a new event 
caused the recurrence rather than the stimulus that was of our interest.21 In the 
current study, we have evaluated the predictive value of a combined assessment of 
biomarkers and clinical parameters. 

The identification of clinical risk factors for the development of PVR has been 
studied extensively in the past decades.8,9 The current study showed that signifi-
cantly more patients had minor intraoperative hemorrhage in the PVR group as 
compared to the RRD group. We did not foresee that even a very small bleeding 
would have influenced PVR outcome, and it perhaps would have been better to 
have these cases excluded initially. On the other hand, these data underline the 
importance to prevent even small bleedings during primary retinal detachment 
surgery. Of all clinical parameters entered in the model, we found that only preop-
erative PVR was an independent predictor of postoperative PVR development. The 
association between preoperative PVR and postoperative PVR has been reported 
several times in previous reports.22,23 In a study that estimated the risk of failure due 
to PVR based on clinical parameters only, a set of 3 clinical variables, including pre-
operative PVR grade, was shown to yield a reasonable AUC of 0.84.17 The associa-
tions that we found between clinical factors and postoperative PVR were however 
too weak to predict an unfavorable outcome with high sensitivity and specificity. 

Multiplex immunoassays have recently emerged as excellent screening tools 
that allow for the simultaneous detection of multiple cytokines in a single sample. 
Moreover, these assays require smaller quantities of sample volume but show simi-
lar performance to well-established enzyme-linked immunosorbent assays (ELISAs) 
in terms of sensitivity, accuracy, and reproducibility.20,24 This technique enabled us 
to measure 50 biomarkers simultaneously and to evaluate their potential in the 
prediction of postoperative PVR development after retinal detachment surgery. 
Since inflammatory processes play an important role in wound healing, it is not 
surprising that the majority of 18 mediators that were differentially expressed in the 
PVR group and the RRD group was immune- or inflammation-related. We demon-
strated that the assessment of preoperative PVR status and the measurement of 
one single biomarker, i.e. CCL22, resulted in a large AUC of 0.89. Further analysis of 
our data enabled us to identify several sets of biomarkers with comparable perfor- 
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Figure 1 Receiver operating characteristic curves for preoperative proliferative vitreoretinopathy with 
and without biomarkers. The addition of chemokine (C-C motif) ligand 22, interleukin-3 and macrophage 
migration inhibitory factor to the prediction model resulted in a final area under the receiver operating 
characteristic curve of 0.93 (95% confidence interval 0.82 – 1.04), and a maximal sensitivity and specific-
ity of 94.1% and 94.2%, respectively, were reached. 

 
 
mance (data not shown), of which the set including CCL22, IL-3, and MIF yielded the 
largest AUC of 0.93, with a very high sensitivity and specificity. 

Since PVR has a low incidence after primary RRD,9 and retinal toxicity following 
intraoperative adjunctive treatment may be of real concern,6 prognostic or diagnos-
tic tests should have high specificity in the first place. With respect to biomarker 
assays, cutoff values can be chosen to increase or decrease the specificity of a cer-
tain test. If a pharmacologic prophylaxis for PVR becomes available and retinal toxic-
ity problems are negligible, it is possible to be less specific in selecting the treatment 
group. Because the suspended beads in our immunoassays allow for assay flexibil-
ity, refinement of the biomarker panel to further increase the diagnostic power is 
possible. The predictive value of PVR-associated factors such as platelet-derived 
growth factor (PDGF)25 or transforming growth factor (TGF)-β26 may therefore be 
subject of future investigations. 
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Regardless of the great potential of biomarker profiling, our study was somewhat 
limited by small sample size. Our findings warrant a prospective study in an unselec-
ted and large cohort of patients with primary RRD to determine the diagnostic value 
of a biomarker profile including CCL22, IL-3, and MIF. Whether the identification of 
this set of inflammatory cytokines in subretinal fluid is also applicable to vitreous 
fluid obtained from patients undergoing pars plana vitrectomy for primary RRD 
should also be evaluated. An individualized approach with the use of biomarkers 
requires the development of a postoperative treatment strategy, since the measu-
rement of biomarker levels takes longer than the surgical procedure. 

We have demonstrated that the use of multiplex immunoassays shows great 
potential for screening of biomarkers in ocular samples obtained from patients with 
primary RRD. We conclude that biomarker profiling, in combination with the as-
sessment of preoperative PVR status, may distinguish patients at high risk of devel-
oping PVR from those who have an uncomplicated postoperative course in a highly 
sensitive and specific manner. The prediction model may be of value in the progno-
sis, follow-up, and treatment of high-risk cases and in the stratification of cases in 
clinical trials. 
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Rhegmatogenous retinal detachment and proliferative 
vitreoretinopathy 

Rhegmatogenous retinal detachment (RRD) is an ophthalmologic condition that 
occurs in 8 to 18 cases per 100,000 persons per year.1–5 The degree of functional 
recovery after retinal detachment surgery is strongly associated with preoperative 
involvement of the macula.6 Even though an increasingly number of retinal detach-
ments is successfully repaired with a single procedure, proliferative vitreoretinopa-
thy (PVR) is still the primary cause of failure of reattachment surgery. This eye-sight 
threatening condition is characterized by the formation of cellular membranes on 
both sides of the retina that upon contraction may cause a recurrent detachment, 
with often a poor visual prognosis. The development of these fibrotic membranes is 
reminiscent of the normal wound-healing response with inflammation, migration 
and proliferation of retinal cells, and extracellular matrix deposition.7 In all these 
biological processes, cytokines function as signalling molecules that bring about the 
events that lead to the formation and contraction of PVR membranes 

Optical coherence tomography 

Optical coherence tomography (OCT) is a non-invasive in vivo examination of cross-
sectional images of tissues based on the reflectivity of backscattered light. OCT is 
nowadays widely used in clinical practice and has been an important subject of 
ophthalmic research since its introduction in the early 1990s.8–10 Today it is a well-
established tool in the diagnosis and follow-up of retinal conditions, glaucoma, and 
anterior segment disease. Because anatomical results of retinal detachment surgery 
have not run parallel with improvements in visual outcome, it is not surprising that 
OCT parameters have been a matter of investigation in recent years to find ana-
tomical clues for incomplete functional recovery. Postoperative assessment using 
OCT has shown persistent submacular fluid in a substantial number of patients who 
underwent scleral buckling surgery for retinal detachment, and it usually requires 
several months before this fluid has resolved.11 Some studies did not find any influ-
ence on postoperative visual acuity,12,13 whereas the delayed absorption of subreti-
nal fluid was found to be associated with a worse visual outcome by others.14–17 The 
latter studies have however not quantified the association between persistent sub-
macular fluid and vision loss. We demonstrated that – besides preoperative foveal 
thickness – persistent submacular fluid was associated with a worse visual prognosis 
in macula-off RRD patients, although the effect on visual outcome was only small 
(Chapter 2). The development of spectral-domain or Fourier-domain OCT technol-
ogy has shifted the scientific interest towards the delineation of selected layers in 
the retina. Postoperative visual acuity after retinal detachment was shown to be 
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correlated with disruption of the photoreceptor inner/outer segment junction line 
and the external limiting membrane in recent studies.18–21 Although insight in the 
intraretinal changes after retinal detachment has increased in the past years, the 
usefulness of these OCT parameters in everyday clinical practice needs to be deter-
mined in the near future. 

Coagulation factors and PVR 

Since blood coagulation is the first phase in the wound healing response, it may 
initiate the early changes that are responsible for the development of fibrotic mem-
branes that are characteristic for PVR. Several components of the coagulation cas-
cade have been identified in PVR membranes including fibrin.22,23 Moreover, human 
RPE cells in culture lose, on exposure to fibrin, their normal epithelial morphologic 
characteristics and dedifferentiate into fibrocyte-like cells.24 Although the mecha-
nism of interaction between RPE cells and fibrin is unknown, it was suggested that 
fibrin clots may provide a scaffold for cellular attachment and subsequent prolifera-
tion of RPE cells and glial cells, providing an explanation for a relatively high PVR 
rate in RRD patients with vitreous hemorrhage. A possible role for blood coagulation 
components in the pathogenesis of PVR was further emphasized by some experi-
mental retinal detachment models.25–27 We have shown for the first time that 
subretinal fluid collected from RRD patients exerts high procoagulant activity by the 
action of tissue factor (TF), although we were not able to demonstrate a higher TF 
activity in eyes of patients who developed PVR (Chapter 3). It remains to be eluci-
dated, however, what the exact meaning of TF in subretinal fluid is and whether its 
presence could have any clinical implications. There are no reports indicating an 
increased incidence of thrombotic events in the retinal vasculature after retinal 
detachment. An interesting possibility is that increased TF expression may reflect 
tissue injury after retinal detachment. We speculate that increased TF levels after 
RRD may result from breakdown of the blood-retinal barrier whereby retinal pig-
ment epithelial cells and/or other retinal cells release TF into the subretinal space. 
This hypothesis is further supported by our findings showing that patients with high 
TF activity had a significant longer duration of retinal detachment including the 
macula than those with low TF activity. Moreover, there was a trend that patients in 
the former group had a worse preoperative visual acuity. A larger prospective study 
needs to be conducted to draw conclusions concerning the monitoring of tissue 
damage after RRD by the measurement of TF activity. 
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Apoptosis and PVR 

Previous studies have implicated an abnormal regulation of apoptosis in the patho-
genesis of proliferative vitreoretinal disorders. Various studies have investigated the 
presence of apoptotic cells in epiretinal membranes of patients with established 
PVR.28–32 In PVR specimens, most apoptotic cells appeared to be from RPE cell ori-
gin.31,32 Shifting the balance toward apoptosis in PVR membranes was suggested to 
be a novel therapeutic approach to prevent the uncontrolled proliferation of RPE 
cells in this disorder. In contrast to these reports, we believe that sampling at a time 
close to the onset of primary RRD (i.e. the pre-clinical stages of PVR) and in the near 
vicinity of the RPE (i.e. subretinal fluid) may provide clues as to which local factors 
may initiate the uncontrolled growth of cells or the induction of apoptosis. We have 
previously analyzed TGF-β levels in subretinal fluids aspirated during primary retinal 
detachment surgery, since proapoptotic effects of TGF-β were demonstrated in 
cultured human RPE cells.32 We found significantly decreased levels of TGF-β in 
patients who developed PVR as compared with those with an uncomplicated follow-
up, suggesting that high levels at the time of primary retinal detachment may pro-
tect against subsequent development of PVR.33 

The Fas/FasL system has also been assigned an important role in RPE cell 
death.30 Ligation of the membrane form of Fas (mFas) by its ligand mFasL – both 
proapoptotic molecules – has been shown to induce apoptosis in proliferating RPE 
cells.34 We have demonstrated that significantly increased levels of the antiapop-
totic soluble Fas (sFas) and sFasL were associated with the future development of 
PVR (Chapter 4), supporting the hypothesis that PVR-affected individuals may have 
an impaired removal mechanism of excessive RPE cells after RRD onset. Impor-
tantly, the mFas-mediated extrinsic death pathway has also been shown to play a 
pivotal role in photoreceptor loss after retinal detachment,35–38 whereas the an-
tiapoptotic sFas was suggested to protect central nervous system cells from further 
damage after an hypoxic-ischemic event.39 It thus seems that there is a delicate 
balance between proapoptotic and antiapoptotic molecules after retinal detach-
ment, and we hypothesize that an imbalance toward an upregulation of antiapop-
totic molecules may predispose patients to PVR. 

VEGF and PVR 

In human eye disease, vascular endothelial growth factor (VEGF) has been attrib-
uted an important role in ocular angiogenesis.40 The association of VEGF with the 
pathogenesis of PVR, a proliferative disorder that is characterized by the formation 
of mainly avascular epiretinal membranes, was somewhat surprising.41,42 In Chapter 
5, we have shown that the anti-angiogenic VEGFxxxb isoforms comprise more than 
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half of the total VEGF protein in samples of both patients with PVR and patients 
with uncomplicated RRD. The absence of an angiogenic switch in these patients may 
explain a lack of blood vessels in PVR membranes. This hypothesis should however 
be treated with caution given the predominance of pro-angiogenic VEGF isoforms in 
a subset of our study population. On the other hand, there are several immunohis-
tochemical studies confirming the presence of vascularisation in a substantial por-
tion of PVR membranes.43,44 To illustrate, a vascular component, which consisted 
mostly of capillary-sized vessels that were clinically inapparent, was demonstrated 
in 28.6% of all PVR membranes investigated.45 Further study with combined as-
sessment of a vascular component in PVR membranes and VEGF isoforms in corre-
sponding PVR samples is therefore warranted. 

It has also been hypothesized that VEGF may have functions other than induc-
ing angiogenesis.46 This hypothesis is supported by growing evidence of a possible 
interaction of VEGF with non-endothelial cells in the eye. It was shown that RPE 
cells in situ, as well as RPE cells in epiretinal membranes and in culture, express 
VEGF receptors. In many epiretinal membranes, VEGF and its receptors were co-
localized, suggesting that an autocrine and/or paracrine mechanism may exist.46 
Other studies identified VEGF receptors on other non-endothelial cells in the eye 
such as on adult photoreceptor cells and Müller cells, suggesting a role for VEGF in 
the maintenance of the adult neural retina.47 Interestingly, VEGF has also been 
shown to induce monocyte activation and monocyte migration.48 Thus, VEGF 
probably exerts pleiotropic effects on diverse cell types that are implicated in the 
pathogenesis of PVR. 

Cytokines/growth factors and PVR 

The use of intravitreal pharmacological agents to treat the development of existing 
PVR membranes has shown disappointing results so far, and it seems to be impossi-
ble to reverse the process of tissue fibrosis in the eye.49 A better understanding of 
the early biological alterations after primary RRD is therefore needed to develop 
new strategies that prevent the occurrence of postoperative PVR. With respect to 
the treatment of PVR, it is important to recognize that the most promising results 
were demonstrated in selected patients with primary retinal detachment at high 
risk for developing postoperative PVR,50 whereas the same treatment was not effi-
cacious in patients with established PVR.51 In the former group, a cocktail of heparin 
and 5-FU was initially thought to be a successful attempt to prevent the develop-
ment of PVR until concerns about retinal toxicity emerged.52 Results from this study 
have emphasized the need for the identification of high-risk subgroups to improve 
the risk-benefit ratio of pharmacological adjunct strategies. If the development of 
postoperative PVR is predictable, only patients at high risk may be targeted with 
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drugs that are potentially detrimental to retinal tissues. Moreover, these clinical 
trials have underscored the importance of research that focuses on the pre-clinical 
stages of PVR rather than on patients with established PVR. Animal studies have 
demonstrated an increase in gene and protein expression of proinflammatory cyto-
kines hours and days after the creation of experimental retinal detachment when 
no PVR membranes have formed yet.53,54 Therefore, we believe that sampling after 
the onset of primary RRD but before the development of postoperative PVR may 
provide more insight in the initial processes that lead to PVR membrane formation, 
and also may indicate which cytokines are most predictive of its development. 

In line with the above, our studies outlined in Chapter 6 – 8 differed from most 
previous reports on this crucial point, i.e. the time point at which the ocular samples 
were obtained. We compared samples from primary RRD patients who developed 
postoperative PVR later on with those from patients with an uncomplicated postop-
erative course. Using this design, we have shown a possible causal relation between 
PVR development and certain chemokines, interleukins, growth factors, adhesion 
molecules, and adipokines. Moreover, most studies have dealt with vitreous sam-
ples, whereas we studied cytokine content in subretinal fluid. This may be more 
appropriate since this is the ocular fluid that surrounds the resident retinal cells 
after initial retinal detachment. The precise role and source of each of the individual 
cytokines that we found to be elevated after the onset of RRD remain to be eluci-
dated. It has been postulated that several cytokines share a common function and 
tend to act on a broad range of cells.55 This concept is further supported by redun-
dancy and binding promiscuity between some cytokines and their receptors.56 Fu-
ture research should therefore focus on the identification of relevant cytokines and 
relevant inflammatory mechanisms in the pathogenesis of PVR. Our studies do not 
indicate that there is a single key target within the pathogenesis of PVR. As a conse-
quence, it will be a challenge to selectively target the aberrant cellular proliferation 
seen in PVR while not interfering with physiological ocular processes. As it seems 
more likely that a combination of drugs is needed and/or several stages of the dis-
ease process need to be attacked simultaneously, the treatment of PVR becomes 
more complicated and the possibility of drug-induced retinal toxicity increases. 

Prediction of PVR 

The identification of risk factors for the development of PVR may be useful for the 
prognosis, follow-up, and treatment of high-risk cases and for the stratification of 
cases in clinical trials. Potentially toxic adjunct treatments should be targeted solely 
at patients at greatest risk. Many studies have investigated and identified a wide 
range of preoperative and perioperative clinical risk factors for PVR. Findings pre-
sented in these studies appear to be contradictory and inconclusive,57,58 and there-
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fore their significance in everyday clinical practice is difficult to assess. The associa-
tions that we and others found between clinical factors and postoperative PVR were 
too weak to predict an unfavorable outcome with high sensitivity and specificity.59,60 

In Chapter 9, we have demonstrated that the use of multiplex immunoassays 
shows great potential for screening of biomarkers in ocular samples obtained from 
patients with primary RRD. We conclude that biomarker profiling, in combination 
with the assessment of clinical risk factors, may distinguish patients at high risk of 
developing PVR from those who have an uncomplicated postoperative course in a 
highly sensitive and specific manner. Our findings warrant a prospective study in an 
unselected and large cohort of patients with primary RRD to determine the diagnos-
tic value of a specific biomarker profile (i.e. CCL22, IL-3, and MIF). Whether the 
identification of this set of inflammatory cytokines in subretinal fluid is also applica-
ble to vitreous fluid obtained from patients undergoing pars plana vitrectomy for 
primary RRD should also be evaluated. This is an important issue since a shift to-
wards vitrectomy has been observed in recent years. 

Cytology and PVR 

Analysis of cytologic specimens after retinal detachment may provide insight into 
the cellular composition of pre-clinical stages of PVR. Since cytologic samples are 
difficult to handle and cells are often identified using unreliable morphological crite-
ria, data are scarce and often inconclusive.61,62 Although some studies used immu-
nohistochemical markers, the exact origin of cells is often difficult to ascertain.63,64 
As stated earlier in the General Introduction (Chapter 1), different cell types can 
assume various phenotypes in PVR specimens. Therefore, the identification and 
application of novel specific markers and results from double-labelling experiments 
are required so that cytologic studies may contribute to a better understanding of 
the disease process and may produce valuable information regarding the prophy-
laxis of PVR. 

Value of PVR models 

As a multitude of antiproliferative and anti-inflammatory drugs showed great prom-
ise in experimental PVR and cell cultures, but failed in human clinical trials, the 
value of these models in the development of new pharmacotherapeutical adjuncts 
must be questioned. Most models bypass the crucial first steps in the early patho-
genesis of PVR by the intravitreal injection of substances or cells. More than 25 
animal models of PVR have been developed throughout years,65 suggesting that the 
quest for a model that does not undermine the natural course of PVR is still ongo-
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ing. In fact, the same is true for the evaluation of antiproliferative drugs and antime-
tabolites in culture studies. It will be a challenge to investigate and to understand 
their impact on cultured RPE cells and fibroblasts, not in isolation, but in relation to 
the environmental context of PVR. 

Drug delivery in PVR 

The treatment of PVR with pharmacological adjuncts is difficult as a result of the 
anatomical, physiological, and immunological barriers that preclude the achieve-
ment of therapeutic drug levels in the posterior segment of the eye. Moreover, 
most drugs that have been proposed in the treatment of PVR have a narrow thera-
peutic window, carry the risk of local toxicity, and have a short half-life in the vitre-
ous cavity.66 The most important route of drug delivery that is currently applied to 
treat retinal disease is the intraocular route using intravitreal injections.67 Although 
this route of administration achieves the highest intraocular bioavailability in retinal 
tissues, it also carries the risk of a multitude of injection-related complications, 
including raised intraocular pressure, vitreous or retinal hemorrhage, retinal tears, 
retinal detachment, infectious endophthalmitis, and cataracts.68,69 Since the median 
time interval between the onset of retinal disease and the development of PVR is 
approximately 2 months70 and treatment would require multiple injections, sus-
tained drug delivery systems are more than welcome. Silicone oil as a vehicle for 
drug delivery, implantable devices, and injectable particulates such as biodegrad-
able microspheres and encapsulated liposomes may all provide adequate drug lev-
els in retinal tissues and are currently under investigation.66 

Final conclusions 

PVR is still the primary cause of failure of retinal detachment surgery. As functional 
results have not run parallel to the improvements in surgical outcome and recurrent 
detachment after an initially successful surgical procedure is still a major problem, 
research has focused on the development of pharmacological adjuncts. Attempts to 
treat the presence of established PVR membranes with antiproliferative or anti-
inflammatory agents have been very disappointing so far, and none of them is 
nowadays used in everyday clinical practice on a routine basis. As it appears that the 
process of fibrosis is irreversible, future research should aim at the identification of 
relevant inflammatory mechanisms in the pre-clinical stages of PVR, allowing the 
development of a medical prophylactic strategy for this severe and intriguing fi-
brotic condition. 
 



G E N E R A L  D I S C U S S I O N  

 179 

References 

1.  Wong TY, Tielsch JM, Schein OD. Racial difference in the incidence of retinal detachment in Singa-
pore. Arch Ophthalmol 1999;117:379–83. 

2.  Tornquist R, Stenkula S, Tornquist P. Retinal detachment: a study of a population-based patient 
material in Sweden 1971–1981. I. Epidemiology. Acta Ophthalmol (Copenh) 1987;65:213–22. 

3.  Algvere PV, Jahnberg P, Textorius O. The Swedish Retinal Detachment Register, I: a database for 
epidemiological and clinical studies. Graefes Arch Clin Exp Ophthalmol 1999;237:137–44. 

4.  Li X. Incidence and epidemiological characteristics of rhegmatogenous retinal detachment in Beijng, 
China. Ophthalmology 2003;110:2413–7. 

5.  Mitry D, Charteris DG, Yorston D, Siddiqui MA, Campbell H, Murphy AL, et al. The epidemiology and 
socioeconomic associations of retinal detachment in Scotland: a two-year prospective population-
based study. Invest Ophthalmol Vis Sci 2010;51:4963–8. 

6.  Salicone A, Smiddy WE, Ventkatraman A, Feuer W. Visual recovery after scleral buckling procedure 
for retinal detachment. Ophthalmology 2006;113:1734–42. 

7.  Pastor JC. Proliferative vitreoretinopathy: an overview. Surv Ophthalmol 1998;43:3–18. 
8.  Huang D, Swanson EA, Lin CP, et al. Optical coherence tomography. Science 1991;254:1178–81. 
9.  Fercher AF, Hitzenberger CK, Drexler W, et al. In vivo optical coherence tomography. Am J Oph-

thalmol 1993;116:113–4. 
10.  Swanson EA, Izatt JA, Hee MR, et al. In-vivo retinal imaging by optical coherence tomography. Opt 

Lett 1993;18:1864–6. 
11.  D’Amico DJ. Clinical practice. Primary retinal detachment. N Engl J Med 2008;359:2346–54. 
12.  Baba T, Hirose A, Moriyama M, Mochizuki M. Tomographic image and visual recovery of acute 

macula-off rhegmatogenous retinal detachment. Graefes Arch Clin Exp Ophthalmol 2004;242:576–
81. 

13.  Seo JH, Woo SJ, Park KH, Yu YS, Chung H. Influence of persistent submacular fluid on visual outcome 
after successful scleral buckle surgery for macula-off retinal detachment. Am J Ophthalmol 
2008;145:915–22. 

14.  Wolfensberger TJ, Gonvers M. Optical coherence tomography in the evaluation of incomplete visual 
acuity recovery after macula-off retinal detachments. Graefes Arch Clin Exp Ophthalmol 
2002;240:85–9. 

15.  Theodossiadis PG, Georgalas IG, Emfietzoglou J, et al. Optical coherence tomography findings in the 
macula after treatment of rhegmatogenous retinal detachments with spared macula preoperative-
ly. Retina 2003;23:69–75. 

16.  Benson SE, Schlottmann PG, Bunce C, Xing W, Charteris DG. Optical coherence tomography analysis 
of the macula after scleral buckle surgery for retinal detachment. Ophthalmology 2007;114:108–12. 

17.  Cavallini GM, Masini C, Volante V, Pupino A, Campi L, Pelloni S. Visual recovery after scleral buckling 
for macula-off retinal detachments: an optical coherence tomography study. Eur J Ophthalmol 
2007;17:790–6. 

18.  Shimoda Y, Sano M, Hashimoto H, Yokota Y, Kishi S. Restoration of photoreceptor outer segment 
after vitrectomy for retinal detachment. Am J Ophthalmol 2010;149:284–90. 

19.  Theodossiadis PG, Theodossiadis GP, Charonis A, Emfietzoglou I, Grigoropoulos VG, Liarakos VS. The 
photoreceptor layer as a prognostic factor for visual acuity in the secondary epiretinal membrane 
after retinal detachment surgery: imaging analysis by spectral-domain optical coherence tomogra-
phy. Am J Ophthalmol 2011;151:973–80. 

20.  Wakabayashi T, Oshima Y, Fujimoto H, Murakami Y, Sakaguchi H, Kusaka S, Tano Y. Foveal micro-
structure and visual acuity after retinal detachment repair; imaging analysis by Fourier-domain op-
tical coherence tomography. Ophthalmology 2009;116:519–28. 

21.  Gharbiya M, Grandinetti F, Scavella V, et al. Correlation between spectral-domain optical coherence 
tomography findings and visual outcome after primary rhegmatogenous retinal detachment repair. 
Retina. In press. 



C H A P T E R  1 0  

 180 

22.  Weller M, Wiedemann P, Bresgen M, Heimann K. Giant preretinal membrane formation behind a 
silicone oil bubble in a hypotensive eye. Retina 1990;10:86–91. 

23.  Schwartz D, de la Cruz ZC, Green WR, Michels RG. Proliferative vitreoretinopathy. Ultrastructural 
study of 20 retroretinal membranes removed by vitreous surgery. Retina 1988;8:275–81. 

24.  Vidaurri-Leal JS, Glaser BM. Effect of fibrin on morphologic characteristics of retinal pigment epithe-
lial cells. Arch Ophthalmol 1984;102:1376–9. 

25.  Hollborn M, Francke M, Iandiev I, et al. Early activation of inflammation- and immune response-
related genes after experimental detachment of the porcine retina. Invest Ophthalmol Vis Sci 
2008;49:1262–73. 

26.  Cleary PE, Ryan SJ. Experimental posterior penetrating eye injury in the rabbit, I: Method of produc-
tion and natural history. Br J Ophthalmol 1979;63:306–11. 

27.  García-Layana A, Pastor JC, Saornil MA, Gonzalez G. Porcine model of proliferative vitreoretinopa-
thy with platelets. Curr Eye Res 1997;16:556–63. 

28.  Esser P, Bartz-Schmidt KU, Walter P, Kaszli F, Heimann K, Weller M. Apoptotic cell death in prolife-
rative vitreoretinopathy. German J Ophthalmol 1996;5:73–78. 

29.  Weller M, Heimann K, Bartz-Schmidt KU, Fontana A, Esser P. CD95 expression in traumatic prolif-
erative vitreoretinopathy: a target for the induction of apoptosis. German J Ophthalmol 
1997;5:332–337. 

30.  El Ghrably I, Powe DG, Orr G, et al. Apoptosis in proliferative vitreoretinopathy. Invest Ophthalmol 
Vis Sci 2004;45:1473–1479. 

31.  Zhang X, Barile G, Chang S, et al. Apoptosis and cell proliferation in proliferative retinal disorders: 
PCNA, Ki-67, caspase-3, and PARP expression. Curr Eye Res 2005;30:395–403. 

32.  Esser P, Heimann K, Bartz-Schmidt KU, et al. Apoptosis in proliferative vitreoretinal disorders: 
possible involvement of TGF-β- induced RPE cell apoptosis. Exp Eye Res 1997;65:365–378. 

33.  Dieudonné SC, La Heij EC, Diederen R, Kessels AGH, Liem ATA, et al. High TGF-β2 levels during 
primary retinal detachment may protect against proliferative vitreoretinopathy. Invest Ophthalmol 
Vis Sci 2004;45:4113–8. 

34.  Chang JH, Kang SW, Ham DI. Sensitivity of CD95-induced apoptosis in different proliferative status 
of human retinal pigment epithelial cells. Korean J Ophthalmol 2001;15:74–80. 

35.  Zacks DN, Zheng QD, Han Y, Bakhru R, Miller JW. Fas-mediated apoptosis and its relation to intrinsic 
pathway activation in an experimental model of retinal detachment. Invest Ophthalmol Vis Sci 
2004;45:4563–4569. 

36.  Zacks DN, Boehlke C, Richards AL, Zheng QD. Role of the Fas-signaling pathway in photoreceptor 
neuroprotection. Arch Ophthalmol 2007;125:1389–1395. 

37.  Hisatomi T, Sakamoto T, Goto Y, et al. Critical role of photoreceptor apoptosis in functional damage 
after retinal detachment. Curr Eye Res 2002;24:161–172. 

38.  Besirli CG, Chinskey ND, Zheng QD, Zacks DN. Inhibition of retinal detachment-induced apoptosis in 
photoreceptors by a small peptide inhibitor of the Fas receptor. Invest Ophthalmol Vis Sci 
2010;51:2177–2184. 

39.  Tarkowski E, Rosengren L, Blomstrand C, Jensen C, Ekholm S, Tarkowski A. Intrathecal expression of 
proteins regulating apoptosis in acute stroke. Stroke 1999;30:321–327. 

40.  Witmer AN, Vrensen GF, Van Noorden CJ, Schlingemann RO. Vascular endothelial growth factors 
and angiogenesis in eye disease. Prog Retin Eye Res 2003;22:1–29. 

41.  Su CY, Chen MT, Wu WS, Wu WC. Concentration of vascular endothelial growth factor in the subre-
tinal fluid of retinal detachment. J Ocul Pharmacol Ther 2000;16:463–9. 

42.  Ogata N, Nishikawa M, Nishimura T, Mitsuma Y, Matsumura M. Inverse levels of pigment epithe-
lium-derived factor and vascular endothelial growth factor in the vitreous of eyes with rhegmato-
genous retinal detachment and proliferative vitreoretinopathy. Am J Ophthalmol 2002;133:851–2. 

43.  Tsanou E, Ioachim E, Stefaniotou M, et al. Immunohistochemical study of angiogenesis and prolife-
rative activity in epiretinal membranes. Int J Clin Pract 2005;59:1157–61. 



G E N E R A L  D I S C U S S I O N  

 181 

44.  Dawczynski J, Janz S, Kasper M, et al. Histologische und immunhistologische Untersuchungen 
humaner epiretinaler Membranen. Klin Monatsbl Augenheilkd 2006;223:687–90. 

45.  Asiyo-Vogel MN, El-Hifnawi ES, Bopp S, Laqua H. The vascular component of proliferative vitreo-
retinopathy membranes: an immunohistochemical and ultrastructural study. Retina 1998;18:56–61. 

46.  Chen YS, Hackett SF, Schoenfeld CL, Vinores MA, Vinores SA, Campochiaro PA. Localisation of 
vascular endothelial growth factor and its receptors to cells of vascular and avascular epiretinal 
membranes. Br J Ophthalmol 1997;81:919–26. 

47.  Saint-Geniez M, Maharaj AS, Walshe TE, et al. Endogenous VEGF is required for visual function: 
evidence for a survival role on Müller cells and photoreceptors. PLoS ONE 2008;3:e3554. 

48.  Clauss M, Gerlach M, Gerlach H, et al. Vascular permeability factor: a tumor-derived polypeptide 
that induces endothelial cell and monocyte procoagulant activity, and promotes monocyte migra-
tion. J Exp Med 1990;172:1535–45. 

49.  Kirchhof B. Strategies to influence PVR development. Graefes Arch Clin Exp Ophthalmol 
2004;242:699–703. 

50.  Asaria RHY, Kon CH, Bunce C, et al. Adjuvant 5-fluorouracil and heparin prevents proliferative 
vitreoretinopathy. Results from a randomized, double-blind, controlled clinical trial. Ophthalmology 
2001;108:1179–83. 

51.  Charteris DG, Aylward GW, Wong D, et al. PVR Study Group. A randomized controlled trial of com-
bined 5-fluorouracil and low-molecular-weight heparin in management of established proliferative 
vitreoretinopathy. Ophthalmology 2004;111:2240–5. 

52.  Wickham L, Bunce C, Wong D, et al. Randomized controlled trial of combined 5-fluorouracil and 
low-molecular-weight heparin in the management of unselected rhegmatogenous retinal detach-
ments undergoing primary vitrectomy. Ophthalmology 2007;114:698–704. 

53.  Hollborn M, Francke M, Iandiev I, Bühner E, Foja C, et al. Early activation of inflammation- and 
immune response-related genes after experimental detachment of the porcine retina. Invest Oph-
thalmol Vis Sci 2008;49:1262–73. 

54.  Nakazawa T, Matsubara A, Noda K, Hisatomi T, She H, et al. Characterization of cytokine responses 
to retinal detachment in rats. Mol Vis 2006;12:867–78. 

55.  Wallace GR, Curnow SJ, Wloka K, Salmon M, Murray PI. The role of chemokines and their receptors 
in ocular disease. Prog Retin Eye Res 2004;23;435–448. 

56.  Zlotnik A, Yoshie O. Chemokines: a new classification system and their role in immunity. Immunity 
2000;12:121–127. 

57.  Pastor JC, Rodriguez de la Rua E, Martin F. Proliferative vitreoretinopathy: risk factors and pathobio-
logy. Prog Retin Eye Res 2002;21:127–44. 

58.  Nagasaki H, Shinagawa K, Mochizuki M. Risk factors for proliferative vitreoretinopathy. Prog Retin 
Eye Res 1998;17:77–98. 

59.  Kon CH, Asaria RHY, Occleston NL, et al. Risk factors for proliferative vitreoretinopathy after primary 
vitrectomy: a prospective study. Br J Ophthalmol 2000;84:506–11. 

60.  Wickham L, Bunce C, Wong D, Charteris DG. Retinal detachment repair by vitrectomy: simplified 
formulae to estimate the risk of failure. Br J Ophthalmol. In press. 

61.  Toti P, Morocutti A, Sforzi C, De Santi MM, Catella AM, Baiocchi S. The subretinal fluid in retinal 
detachment. A cytologic study. Doc Ophthalmol 1991;77:39–46. 

62.  Martín F, Pastor JC, de la Rua ER, et al. Proliferative vitreoretinopathy: cytologic findings in vitreous 
samples. Ophthalmic Res 2003;35:232–8. 

63.  Baudouin C, Hofman P, Brignole F, Bayle J, Loubiere R, Gastaud P. Immunocytology of cellular 
components in vitreous and subretinal fluid from patients with proliferative vitreoretinopathy. Oph-
thalmologica 1991;203:38–46. 

64.  Canataroglu H, Varinli I, Ozcan AA, Canataroglu A, Doran F, Varinli S. Interleukin (IL)-6, interleukin 
(IL)-8 levels and cellular composition of the vitreous humor in proliferative diabetic retinopathy, 
proliferative vitreoretinopathy, and traumatic proliferative vitreoretinopathy. Ocul Immunol In-
flamm 2005;13:375–381. 



C H A P T E R  1 0  

 182 

65.  Lei H, Rheaume MA, Kazlauskas A. Recent developments in our understanding of how platelet-
derived growth factor (PDGF) and its receptors contribute to proliferative vitreoretinopathy. Exp 
Eye Res 2010;90:376–81. 

66.  Guidetti B, Azéma J, Malet-Martino M, Martino R. Delivery systems for the treatment of prolifera-
tive vitreoretinopathy: materials, devices and colloidal carriers. Current Drug Delivery 2008;5:7–19. 

67.  Edelhauser HF, Rowe-Rendleman CL, Robinson MR, et al. Ophthalmic drug delivery systems for the 
treatment of retinal diseases: basic research to clinical applications. Invest Ophthalmol Vis Sci 
2010;51:5403–20. 

68.  Ghate D, Edelhauser HF. Ocular drug delivery. Expert Opin Drug Deliv 2006;3:275–87. 
69.  Jager RD, Aiello LP, Patel SC, Cunningham ET. Risks of intravitreous injection: a comprehensive 

review. Retina 2004;24:676–98. 
70.  Mietz H, Heimann K. Onset and recurrence of proliferative vitreoretinopathy in various vitreoretinal 

diseases. Br J Ophthalmol 1995;79:874–7. 



 183 

 
 



 

 
 



 185 

 

Summary 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S U M M A R Y  

 186 

Summary 

In this thesis we set out to investigate a number of clinical and biochemical factors 
that have been implicated in the pathogenesis of rhegmatogenous retinal detach-
ment (RRD) and proliferative vitreoretinopathy (PVR). An introduction on both top-
ics and the questions and hypotheses that we have addressed in this thesis are 
outlined in Chapter 1. 

In Chapter 2, we investigated the influence of subfoveal fluid and foveal thick-
ness on visual outcome in patients who underwent scleral buckling surgery for pri-
mary RRD. In a prospective study on 53 patients, optical coherence tomography 
(OCT) scanning was performed preoperatively and during all subsequent follow-up 
visits at 1, 3, 6, 9, 12, and 24 months postoperatively. Persistent subfoveal fluid 
postoperatively and increased foveal thickness preoperatively were associated with 
a worse visual prognosis in macula-off RRD patients, although the effect was small 
in the majority of patients. We also found that – without the performance of preop-
erative OCT – one-third of our patient population would have been misclassified as 
having a macula-on RRD based on clinical assessment only. 

Chapter 3 presents the results of a study on the procoagulant activity of ocular 
fluids obtained from patients with vitreoretinal disease. An increased mRNA expres-
sion of genes related to blood coagulation, including the procoagulant tissue factor, 
was demonstrated in experimental retinal detachment but was not yet confirmed in 
human clinical specimens. Calibrated automated thrombography (CAT) was used to 
investigate the thrombogenic properties of 28 subretinal fluids from retinal de-
tachment and of 39 vitreous fluids from several ocular conditions, including retinal 
detachment, macular pucker, macular hole, and proliferative diabetic retinopathy. 
The addition of subretinal fluid from all retinal detachment patients induced throm-
bin generation in normal and severe factor XII deficient plasma, whereas the addi-
tion of vitreous fluids from various ocular disorders hardly provoked thrombin gen-
eration. The procoagulant activity in subretinal fluid was almost completely neutral-
ized by antibodies against human tissue factor and its presence was confirmed by 
Western blot analysis. Our results indicate that only subretinal fluid from patients 
with RRD exerts high procoagulant activity by the action of tissue factor. We were 
not able to demonstrate a higher tissue factor activity in subretinal fluid samples 
from patients who developed PVR after primary RRD compared with those with an 
uncomplicated follow-up. 

Chapter 4 describes the association between levels of soluble Fas (sFas), soluble 
Fas ligand (sFasL), soluble intercellular adhesion molecule (sICAM)-1, and soluble 
vascular adhesion molecule (sVCAM)-1 and the development of postoperative PVR. 
Patients who developed a redetachment due to postoperative PVR after reattach-
ment surgery (PVR group; n = 17) were compared with age-, sex-, and storage-time–
matched RRD samples from patients with an uncomplicated postoperative course 
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(RRD group; n = 38). The apoptosis-related factors sFas and sFasL and the proin-
flammatory adhesion molecules sICAM-1 and sVCAM-1 were all significantly ele-
vated in the PVR group as compared with the RRD group, suggesting a role in PVR 
pathogenesis. The strong correlations between the apoptosis-related factors and 
adhesion molecules may point to a common pathway. 

In Chapter 5, we investigated the protein expression of vascular endothelial 
growth factor (VEGF) and its pro-angiogenic and anti-angiogenic isoforms in 
subretinal fluid samples of patients with PVR and patients with an uncomplicated 
retinal detachment. VEGF levels were found to be significantly elevated in the PVR 
group as compared with the uncomplicated RRD group. Anti-angiogenic VEGF iso-
forms predominated in the majority of RRD and PVR samples investigated, although 
a wide variability of isoform ratios was observed within both groups. These results 
may provide an explanation for a lack of blood vessels in the majority of PVR mem-
branes. Elevated VEGF levels indicate that this cytokine may play a role in the 
pathogenesis of PVR that is not related to angiogenesis. 

In the following chapters, we compared cytokine content in subretinal fluid 
samples from patients who developed a redetachment due to postsurgical PVR (PVR 
group; n = 21) with controls who had an uncomplicated retinal detachment during 
the overall follow-up period (RRD group; n = 54). Chapter 6 describes the associa-
tion between postoperative PVR development and a multitude of chemokines, i.e. 
macrophage migration inhibitory factor (MIF), chemokine (C-C motif) ligand 2 
(CCL2), CCL11, CCL17, CCL18, CCL19, CCL22, chemokine (C-X-C motif) ligand (CXCL8), 
CXCL9, and CXCL10. These results indicate that increased chemotactic signalling may 
be the underlying phenomenon leading to a vast and immediate influx of inflamma-
tory cells after the onset of retinal detachment and may cause an inflammatory 
response that is associated with the future development of PVR. Chapter 7 again 
shows that sampling at a time close to the onset of primary retinal detachment may 
provide clues as to which biological factors may initiate the development of PVR. Of 
the 29 different interleukins, growth factors and adhesion molecules that were 
studied, six showed to be significantly associated with PVR development, i.e. inter-
leukin (IL)-1α, IL-2, IL-3, IL-6, VEGF, and sICAM-1. In Chapter 8, we have investigated 
the association between certain adipokines and the occurrence of postoperative 
PVR. Adipokines have recently emerged as a novel group of mediators with impor-
tant roles in inflammation and wound healing. Levels of adiponectin, cathepsin S, 
leptin, and tissue inhibitor of metalloproteinase (TIMP)-1 were significantly different 
in the PVR group in comparison with the RRD group, suggesting their involvement in 
the future development of postoperative PVR after retinal detachment surgery. The 
significant correlation between PVR and elevated leptin levels was however lost 
after having corrected for the presence of diabetes, body mass index, and preopera-
tive PVR. 
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In Chapter 9, we investigated the potential of a combined assessment of clinical risk 
factors and biomarker profiling in the prediction of proliferative vitreoretinopathy 
(PVR) after retinal detachment surgery. A prediction model was constructed based 
on blockwise stepwise logistic regression with clinical variables and selected bio-
markers. Preoperative PVR was the only clinical variable that was an independent 
predictor of postoperative PVR development, and resulted in an area under the 
receiver operating characteristic curve (AUC) of 0.67 (95% confidence interval (CI) 
0.51 – 0.83). The addition of the biomarkers CCL22, IL-3, and MIF resulted in a final 
AUC of 0.93 (95% CI 0.82 – 1.04). A sensitivity of 94.1% and a specificity of 94.2% 
were reached, using a cutoff value of 32%. RRD or PVR outcome was correctly pre-
dicted in 94% of cases in the study population. These results indicate that, in combi-
nation with preoperative PVR grade, the measurement of a small multibiomarker 
panel shows great potential and may predict postoperative PVR development after 
primary RRD in a highly sensitive and specific manner. 

In Chapter 10, the findings presented in this thesis are discussed and directions 
for further research in the area of retinal detachment and PVR are briefly summa-
rized. 
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Samenvatting 

In dit proefschrift hebben we een aantal klinische en biochemische factoren onder-
zocht die mogelijkerwijs een rol spelen in de pathogenese van rhegmatogene abla-
tio retinae en proliferatieve vitreoretinopathie. In Hoofdstuk 1 worden deze aan-
doeningen uitgebreid toegelicht en worden de onderwerpen die aan bod komen in 
dit proefschrift uiteengezet. 

In Hoofdstuk 2 hebben we de invloed van de aanwezigheid van subfoveaal 
vocht en de foveadikte op de gezichtsscherpte onderzocht in patiënten die een 
cerclage plombe operatie ondergingen vanwege een netvliesloslating. In een 
prospectieve studie werd vóór de operatie en 1, 3, 6, 9, 12 en 24 maanden ná de 
operatie een optical coherence tomography (OCT) scan gemaakt bij 53 patiënten. In 
patiënten met een netvliesloslating waarbij de macula betrokken was zagen we dat 
persisterend subfoveaal vocht ná de operatie en een verdikte fovea vóór de op-
eratie geassocieerd waren met een verminderde gezichtsscherpte, hoewel in de 
meerderheid van de patiënten dit effect vrij klein was. Bovendien bleek dat de OCT 
scan betrouwbaarder was dan het oordeel van de oogarts bij het beoordelen of de 
macula betrokken was bij de netvliesloslating. 

In Hoofdstuk 3 hebben we de stollingsactiviteit in oogvochten van patiënten 
met netvliesaandoeningen bestudeerd. In dierexperimentele studies was reeds 
eerder aangetoond dat een verhoogde expressie van genen die een rol spelen in de 
bloedstolling, waaronder tissue factor, verhoogd waren bij een netvliesloslating. 
Echter, dit is nooit eerder aangetoond in humane studies. Calibrated automated 
thrombography (CAT) werd gebruikt om de thrombogene eigenschappen te bepalen 
in 28 subretinale oogvochten van patiënten met een netvliesloslating en in 39 glas-
vochten van allerlei netvliesaandoeningen, waaronder een netvliesloslating, macula 
pucker, maculagat en proliferatieve diabetische retinopathie. Het toevoegen van 
subretinaal vocht van alle patiënten met een netvliesloslating induceerde throm-
bine generatie in normaal en factor XII deficiënt plasma, terwijl het toevoegen van 
glasvochten van allerlei oogaandoeningen nauwelijks thrombine generatie indu-
ceerde. De stollingsactiviteit in subretinale oogvochten kon geneutraliseerd worden 
met antilichamen tegen humaan tissue factor en werd bevestigd met Western blot 
analyse. Onze resultaten laten zien dat alleen subretinaal vocht van patiënten met 
een netvliesloslating een hoge pro-coagulante activiteit heeft door toedoen van het 
humaan tissue factor. We konden niet aantonen dat patiënten die proliferatieve 
vitreoretinopathie ontwikkelden na een netvliesloslating een hogere stollingsac-
tiviteit in het subretinale oogvocht hadden dan patiënten zonder proliferatieve 
vitreoretinopathie. 

Hoofdstuk 4 beschrijft de associatie tussen het krijgen van proliferatieve vitreo-
retinopathie na een netvliesloslating en bepaalde factoren in het subretinale oog-
vocht, zoals soluble Fas (sFas), soluble Fas ligand (sFasL), soluble intercellular adhe-
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sion molecule (sICAM)-1, en soluble vascular adhesion molecule (sVCAM)-1. Zeven-
tien patiënten die proliferatieve vitreoretinopathie ontwikkelden (de PVR groep) 
werden vergeleken met 38 patiënten die geen proliferatieve vitreoretinopathie 
ontwikkelden (de RRD groep). Zowel de factoren die een rol spelen in de gepro-
grammeerde celdood (apoptose) – sFas en sFasL – als de factoren die een rol spelen 
in het ontstekingsproces – sICAM-1 en sVCAM-1 – waren verhoogd in de PVR groep 
in vergelijking met de RRD groep en spelen dus mogelijkerwijs een rol in de patho-
genese van proliferatieve vitreoretinopathie. De sterke correlaties tussen deze fac-
toren suggereren dat apoptose en inflammatie sterk met elkaar verbonden zijn na 
een netvliesloslating. 

In Hoofdstuk 5 hebben we de eiwitexpressie van vascular endothelial growth 
factor (VEGF) en zijn pro-angiogene en anti-angiogene isovormen onderzocht in het 
subretinale vocht van patiënten met PVR en patiënten met een ongecompliceerde 
netvliesloslating. We zagen dat het VEGF verhoogd aanwezig was in de patiënten 
met proliferatieve vitreoretinopathie. Het waren vooral de anti-angiogene isovor-
men die aanwezig waren in zowel patiënten met PVR als patiënten zonder PVR, 
hoewel in een minderheid de pro-angiogene vormen de overhand hadden. Dit zou 
een verklaring kunnen zijn voor het ontbreken van bloedvaten in PVR membranen. 
Het VEGF, waarvan de waarden verhoogd waren in patiënten met proliferatieve 
vitreoretinopathie, speelt dus mogelijk een rol die niet gerelateerd is aan de bloed-
vatvorming in dit ziektebeeld. 

In de Hoofdstukken 6 t/m 8 hebben we een groot aantal factoren tegelijkertijd 
bepaald in subretinale vochten van patiënten met een netvliesloslating. Eenentwin-
tig patiënten die proliferatieve vitreoretinopathie ontwikkelden na een netvli-
esloslating werden vergeleken met 54 patiënten die geen proliferatieve vitreoreti-
nopathie ontwikkelden. Hoofdstuk 6 beschrijft de associatie tussen het krijgen van 
proliferatieve vitreoretinopathie en een groot aantal chemokines, te weten macro-
phage migration inhibitory factor (MIF), chemokine (C-C motif) ligand 2 (CCL2), 
CCL11, CCL17, CCL18, CCL19, CCL22, chemokine (C-X-C motif) ligand (CXCL8), CXCL9, 
and CXCL10. Onze resultaten laten zien dat de verhoogde waarden van een aantal 
chemokines ten grondslag kunnen liggen aan de aanwezigheid van ontstekingscel-
len in oogvochten bij patiënten met een netvliesloslating en dat deze mogelijk een 
rol spelen in het ontstaan van proliferatieve vitreoretinopathie. In Hoofdstuk 7 
beschrijven we de resultaten van eenzelfde studie naar de aanwezigheid van 29 
verschillende interleukines en groeifactoren in oogvochten van patiënten met een 
netvliesloslating. We vonden dat 6 factoren (IL-1α, IL-2, IL-3, IL-6, VEGF en sICAM-1) 
verhoogd aanwezig waren bij patiënten die proliferatieve vitreoretinopathie ont-
wikkelden. Deze factoren spelen dus mogelijk een rol in de ontstekingsprocessen en 
wondgenezingsreactie die kenmerkend is voor proliferatieve vitreoretinopathie. De 
associatie tussen proliferatieve vitreoretinopathie en enkele adipokines wordt be-
schreven in Hoofdstuk 8. Adipokines spelen een belangrijke rol bij ziekten die geas-
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socieerd zijn met obesitas, suikerziekte en atherosclerose. Recent is aangetoond dat 
deze ook in het oog kunnen voorkomen waar ze – net als de chemokines, inter-
leukines en groeifactoren – een rol spelen in ontsteking en wondgenezing. In onze 
studie hebben we een relatie gevonden tussen een viertal adipokines (adiponectine, 
cathepsine S, leptine en tissue inhibitor of metalloproteinase (TIMP)-1) en de ont-
wikkeling van proliferatieve vitreoretinopathie na een netvliesloslating. Nadat ge-
corrigeerd was voor diabetes, body mass index en preoperatieve PVR bleek de cor-
relatie tussen verhoogde waarden van het leptine en het postoperatief ontstaan 
van PVR niet stand te houden. 

In Hoofdstuk 9 hebben we onderzocht of we het krijgen van proliferatieve vit-
reoretinopathie na een netvliesloslating kunnen voorspellen aan de hand van 
klinische factoren en de factoren die hierboven beschreven staan. Een model werd 
gemaakt op basis van blockwise stepwise logistische regressie analyse met enkele 
geselecteerde klinische en biochemische factoren. We zagen dat het optreden van 
proliferatieve vitreoretinopathie vóór de operatie gerelateerd was aan het krijgen 
van proliferatieve vitreoretinopathie ná de operatie, en samen met het bepalen van 
slechts een drietal biochemische factoren (CCL22, IL-3 en MIF) in oogvochten kon in 
94% van de patiënten met een netvliesloslating het optreden van proliferatieve 
vitreoretinopathie juist voorspeld worden. De maximale sensitiviteit en specificiteit 
van deze test was respectievelijk 94.1% en 94.2%, bij een afkappunt van 32%. Deze 
resultaten tonen aan dat het bepalen van factoren in oogvochten veelbelovend is 
om patiënten die een groot risico hebben op het ontwikkelen van PVR te onder-
scheiden van patiënten met een laag risico. Dit kan van belang zijn bij de prognose 
en behandeling van patiënten met een netvliesloslating. 

In Hoofdstuk 10 worden de belangrijkste bevindingen van dit promotieonder-
zoek bediscussieerd en komen onderwerpen voor toekomstig onderzoek aan bod. 
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