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The prevalence of activated protein C (APC) resistance and
factorV Leiden is significantly higher in patients with retinal vein
occlusion without general risk factors

Case-control study and meta-analysis
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Summary

Several small case-control studies have investigated whether
factor V Leiden (FVL) is a risk factor for retinal vein occlusion
(RVO) and generated conflicting data.To clarify this question we
performed a large two-centre case-control study and a meta-
analysis of published studies.Two hundred seven consecutive pa-
tients with RVO and a control group of 150 subjects were
screened between 1996 and 2006. A systematic meta-analysis
was done combining our study with further 17 published Euro-
pean case-control studies. APC resistance was detected in 16
out of 207 (7.7%) patients and eight out of 150 (5.3%) controls.
The odds ratio (OR) estimated was .49 with a (non-significant)
95% confidence interval (Cl) of 0.62-3.57.The meta-analysis in-
cluding 18 studies with a total of 1,748 patients and 2,716 con-
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trols showed a significantly higher prevalence of FVL in patients
with RVO compared to healthy controls (combined OR 1.66;
95% CI 1.19-2.32). All single studies combined in the meta-
analysis were too small to reliably detect the effect individually.
This explains the seemingly contradictory data in the literature.
In conclusion, the prevalence of APC resistance (and FVL) is in-
creased in patients with RVO compared to controls, but the ef-
fect is only moderate. Therefore, there is no indication for gen-
eral screening of factorV mutation in all patients with RVO.We
recommend this test to be performed in patients older than 50
years with an additional history of thromboembolic event and in
younger patients without general risk factors like hypertension.

Thromb Haemost 2008; 99: 925-929

Introduction

Retinal vein occlusion (RVO) is the most common retinal vascu-
lar disease after diabetic retinopathy, involving the central trunks
or branches of the retinal vein. Its exact pathogenesis is still un-
clear (1). Previous studies showed an increased risk of RVO in
patients with hypertension, hypercholesterolemia and diabetes
mellitus (2). Most recent studies have shown the role of hyper-
homocysteinemia and antiphospholipid antibodies (3, 4). Fur-
thermore, a platelet hyperaggregability might be an important

factor in the development of RVO (5), but prospective interven-
tional trials are needed to assess the role of antiplatelet therapy
6, 7).

The literature on the association between thrombophilic fac-
tors and RVO consists only of small studies and case reports
(8-24). The results of published investigations are inconclusive,
and there is no agreement on which thrombophilic factor should
be investigated in patients with RVO. One of the most discussed
risk factors is the role of factor V Leiden (FVL).
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The aim of the present study was to examine the role of acti-
vated protein C (APC) resistance and/or FVL in a larger group of
patients with RVO and to perform a meta-analysis of published
European studies.

Patients and methods

Our study population consisted of 207 patients with RVO con-
secutively investigated at the Department of Ophthalmology,
Palacky-University in Olomouc (Czech Republic) and the De-
partment of Ophthalmology, University of Leipzig (Germany)
between 1996 and 2006. Only patients with RVO less than three
months after onset were included. The diagnosis of central reti-
nal vein occlusion (CRVO) required the presence of retinal
haemorrhage and veins with dilatation and tortuosity in all four
quadrants. Branch retinal vein occlusion (BRVO) was defined as
haemorrhage in the region of an occluded vein at an arterioven-
ous crossing. Exclusion criteria were ocular inflammatory dis-
eases (Morbus Behcet and other vasculitis). Blood samples from
all patients were obtained together with lifestyle information
such as history of smoking, oral contraceptives, and other factors
predisposing to thrombosis. Our control group consisted of pa-
tients with similar age and sex distribution seen for non-throm-
botic eye diseases. Both cohorts were subdivided according to
age in those younger or older than 50 years (< 50 and > 50 years).
The study was approved by the appropriate Institutional Review
Boards (University of Leipzig and Palacky University in Olo-
mouc).

Blood was collected in vacutainer tubes containing 0.5 ml of
0.12 M sodium citrate and centrifugated at 2,000 g for 20 min-
utes. APC sensitivity ratios in patients and controls were deter-
mined by Coatest APC Resistance V system (Coatest® APC™
Resistance; Chromogenix, Molndal, Sweden). The activated par-
tial thromboplastin time (aPTT) was measured twice, once in the
presence of a defined quantity of APC and in its absence, re-
spectively. The quotient between the two clotting times was ex-

pressed as the APC ratio. Healthy individuals had an APC ratio in
the range between 2—5. APC resistance was considered positive
with repeated results of an APC ratio of less than 2. Since Janu-
ary 1998 the screening for APC resistance and the genetic analy-
sis of the FVL was carried out by polymerase chain reaction
(PCR) in all patients and controls. We used allele specific PCR
with detection of products by electrophoresis on high-resolution
gel (Technoclone, Austria).

Meta-analysis

Selection of studies: A MEDLINE literature search was per-
formed to identify studies published up to January 2007 which
examined the relationship between FVL (measured by PCR) or
APC resistance (assessed by the modified APC resistance test
with factor V-deficient plasma) and RVO. The following key-
words and combinations of these words were used in the search:
retinal vein occlusion, pathogenesis, haematological disorders,
thrombophilia, FV Leiden and APC resistance. Additional ar-
ticles and abstracts thought relevant were selected from review
of the bibliographies of the articles generated from above search.
In total, 147 articles were screened. Only studies with adequate
control group reporting one of the above endpoints from Euro-
pean populations were included. To avoid acknowledged or
covert duplication of data, only the most recent and complete
series reported by investigators were included in the analysis.
Our own data presented here were also included in the meta-
analysis.

Statistical analyses

Odds ratios (OR) and respective 95% confidence intervals (CI)
were calculated for each study and presented as a forest plot. OR
greater than 1 imply increased prevalence of FVL mutation in
patients with RVO. Standard random-effect meta-analysis was
used to estimate a combined OR. The Q-statistic was used to as-
sess heterogeneity. A funnel plot (not shown) was used to check
for evidence of publication bias (25). Robustness of significant

Table I: Characteristics of investigated patients and controls (n, %).

All patients Patients <50 Patients > 50 All controls Controls <50 Controls > 50
Number (n) 207 50 157 150 47 103
Mean age (range) 65.5 44 72.5 61.3 43 69.5
in years (19-88) (19-50) (51-88) (21 -89) (21 -50) (50-89)
Male (%) 93 (44.9%) 20 (40%) 73 (46.5%) 67 (44.6% ) 20 (42.5%) 47 (45.6%)
Female (%) 114 (55%) 30 (60%) 84 (53.5%) 83 (55.3%) 27 (57.4%) 56 (54.3%)
CRVO 173 (83.6%) 41 (82%) 132 (84%)
BRVO 34 (16.4%) 9 (18%) 25 (16%)
APC resistance 16 (7.7%) 4 (8%) 12 (7.6%) 8 (5.3%) 4 (8.5%) 4 (3.8%)
Smokers 29 (14%) 14 (28%) 15 (9.5%) 14 (9.3%) 4 (8.5%) 10 (9.7%)
Hypertension 96 (46.3%) 19 (38%) 77 (49%) 23 (15.3%) 5(10.6%) 18 (17.5%)
Diabetes 26 (12.6%) 3 (6%) 23 (14.6%) 5(3.3%) I (2.1%) 4 (3.9%)
Oral contraceptives 4 (3.5%) 3 (10%) I (1.2%) 2 (2.4%) 2 (4.3%)
(% of females)
History of thrombosis 7 (3.4%) 4 (8%) 3 (2%) 2 (1.3%) 2 (1.95%)
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Table 2: Prevalence of risk factors analysed in patients subdivided into to two age subgroups.

All patients All patients Patients <50 Patients <50 Patients > 50 Patients > 50
APC resistance | APC resistance | APCresistance | APC resistance | APC resistance | APC resistance
Positive negative positive negative positive negative
Number (n) 16 191 4 46 12 145
Smokers 2 (12.5%) 27 (14.1%) I (25%) 13 (28%) | (8.3%) 14(9.6%)
Hypertension 2 (12.5%) 94 (49.2%) 0 19 (41%) 2 (17%) 75(52%)
Diabetes 2 (12.5%) 24 (12.5%) 0 3(6.5%) 2. (17%) 21(14.5%)
Oral contraceptives 1 (6.3%) 3(2.1%) | (25%) 2 (4.3%) 0 1(0.7%)
(% of females)
History of thrombosis 4 (25%) 3(1.6%) 2 (50%) 2 (4.3%) 2 (17%) 1(0.7%)

results was investigated by a jackknife procedure. If significance
was lost by leaving out single studies, we interpreted the result as
insufficient evidence for an effect. Calculations were performed
using the “meta” package of the statistical software “R”
(www.r-project.org) (26).

For our patients, an analysis of general risk factors was per-
formed. Prevalence of these factors was compared between the
group of patients positive for APC resistance and patients with-
out APC resistance using Fisher’s exact test. The analysis was
also done for age-stratified subgroups. We considered a p-value
of less than 0.05 as statistically significant.

Results

Characteristics of patients and controls of our own study are de-
tailed in Table 1.

APC resistance was seen in 16 of the 207 patients (7.7%) and
eight of the 150 controls (5.3%) (OR 1.49, 95%CI 0.62-3.57).
FV Leiden was found in six of the 76 patients (7.9%) enrolled
since 1998 and investigated for APC resistance and FVL. No dif-
ferences between results of APC resistance and FVL analysis
were found in this group of patients. In the subgroup of patients
younger than 50 years, four of the 50 patients (8%) and four of 47
controls (8.5%) were positive for APC resistance (OR 0.93,
95%CI 0.22-3.97). In subjects older than 50 years, 12 out of 157
patients (7.6%) and four out of 103 controls (3.8%) APC resis-
tance could be observed (OR 2.05, 95%CI 0.64—6.53). None of
these results were significant.

The analysis of risk factors (Table 2) comparing patients
positive for APC resistance with APC-negative patients showed
significant differences in prevalence of hypertension and history
of thrombosis. Hypertension was found in 12.5% of the patients
with APC resistance and in 49.2% of the patients without APC
resistance (p=0.0072). This effect could be observed also in the
subgroup of patients older than 50 years (p=0.032). The differ-
ence in the group of younger patients was not significant. The
prevalence of thromboembolic events in patients with APC resis-
tance (both age groups) was significantly higher than in patients
without APC resistance (elder patients p=0.015, younger pa-
tients p=0.028). For other risk factors no statistically significant
differences were found.

Results of 17 European case-control studies on the role of
FVL in patients with RVO and the result of the present study are
summarised in Table 3. There was significant heterogenity in the
data (see Forest plot Figure 1), mainly due to two studies. The
study of Weger et al. (2) included only patients with BRVO while
the study of Greiner et al. (13) reported an unusually high preva-
lence of FVL mutation. No significant heterogeneity (p=0.57)
would be present without these studies. Using a random effects
model, the estimate of the combined OR for the prevalence of
FVL (APC resistance) in RVO compared with controls was 1.66
(95% CI 1.19-2.32, p=0.0026). Significance of results is pre-

Table 3: Summary of studies included in the meta-analysis with
number of patients and odds ratios (OR) in particular studies.

Nr. Study, Year of Patients/ Odds ratio
publication controls

l. Linna [18], 1997 46/142 211
2. Larsson [20], 1997 83/101 1.00
3. Albisinni [10], 1998 36/68 8.38
4. Demirci [15], 1999 50/120 0.86
5. Greiner [13], 1999 81/581 3.74
6. Kalayci [17], 1999 52/81 1.04
7. Larsson[12], 1999 371288 1.87
8. Marcucci[11], 2001 1007100 327
9. Aras[21], 2001 40/50 0.82
10. Bombelli [22], 2002 68/120 0.65
I. Kuhli[19], 2002 142/128 2.05
12. Marcucci [23], 2003 55/61 5.02
3. Cruciani [16], 2003 29/62 0.69
14. Gori[24], 2004 112/112 2.81
I5. Weger [2], 2005 2941294 0.72
6. Arsene[9], 2005 234/180 I.16
17. Gumus [8], 2006 82/78 2.69
18. Rehak — present study 207/150 1.49
Combined 174812716 1.66
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Figure I: Funnel plot of studies included in the meta-analysis.

served after dropping single studies, as well as the two studies
mentioned above (2, 13). Dropping the study of Weger et al. (2)
would slightly increase the effect to 1.87 (95% CI 1.39-2.53,
p<0.0001); dropping the study of Greiner et al. (13) would
slightly decrease the effect to OR 1.47 (95% CI 1.09-1.98,
p=0.012). No indication for publication bias was found (Egger’s
test, Funnel plot).

Discussion

Several risk factors have been proposed for the development of
RVO. Abnormalities of the coagulation system leading to throm-
bophilia have been studied, but their role remains controversial.

APC resistance, mainly caused by FVL mutation, has been
shown to be an independent risk factor for the development of
deep vein thrombosis (28, 29). However, the association between
this risk factor and RVO is still unclear. Several smaller studies
with contradictory results have been published so far. The pres-
ented study of 207 patients failed to demonstrate any significant
difference in the prevalence of APC resistance between patients
with RVO (7.7%) and the prevalence in the group of controls
(5.3%). The observed prevalence in controls is consistent with
published prevalence rates of FVL in the Caucasian population.
In 95% of cases with APC resistance, the cause is a single point
mutation in the factor V gene (R506Q), the so called FVL mu-
tation (27).

First generation assays for APC resistance were limited by
false positive findings in patients with high factor VIII:C levels
or lupus anticoagulants antibodies. A modified APC resistance
test, in which the plasma samples are diluted in factor V-deficient
plasma, is very specific for APC resistance caused by FVL (30,
31). This assay was used in all investigated patients. Addition-
ally, FVL determination by PCR was used in the patients in-
cluded since 1998. Owing to the high sensitivity and specificity

of the modified APC resistance test, comparison of our results
with the results of other studies which investigated FVL using
the PCR technique is justified.

Given the known differences in prevalence of FVL in differ-
ent ethnic groups, we restricted our analysis to European popu-
lations to achieve homogeneity in regard to genetics and life-
style. We analyzed 17 European studies published up to January
2007 and our own data, including in total 1,748 patients and
2,716 controls. As result of the meta-analysis, we found a signifi-
cant higher probability in the presence of FVL in cases than in
controls (OR 1.66). Additionally, we found roughly the same size
of effect in our own study population, though our sample size
alone was not sufficient to achieve significance. Significant het-
erogeneity between studies was observed. However, dropping
two conspicuous studies (2, 13) changed effect size only slightly
and did not abrogated significance of the effect.

We performed a sample size calculation for a single study to
confirm the effect of higher prevalence of FVL in RVO. Assum-
ing the effect size observed in the meta-analysis, approximately
1,500 patients and controls would be required to achieve a power
of 95%. All single studies combined in the meta-analysis were
too small to reliably detect the effect individually. Thus the small
sample size of published studies explains at least partially the in-
consistency of published results about the role of the FVL in pa-
tients with RVO.

The results of our meta-analysis are in line with a report from
Janssen et al. (4). However, their study included only 792 pa-
tients / 1,418 controls, and the required size of about 1,500 cases
was not achieved. Our meta-analysis includes 1,748 patients /
2,716 controls and therefore has higher statistical power.

As in younger patients other risk factors (hypertension, ad-
vance atherosclerosis, diabetes mellitus) are rare, one may hy-
pothesise that the attributed risk and prevalence of FVL is more
important in these patients. It seems to be likely that an inherited
thrombotic risk factor, when present, should manifest in younger
age (9, 19). The definition of younger and elderly individuals
varies considerably in literature with a cut-off ranging between
45 and 60 years.

In our study 8% of patients younger than 50 years and 7.6%
of patients older than 50 years showed APC resistance. This is in
line with other reports (14, 16, 18). Because only three studies (9,
18, 19) analyzed the prevalence of FVL in different age groups,
it was not possible to study the influence of age on the prevalence
in the meta-analysis.

However, the study reports provided only incomplete infor-
mation comparing characteristics regarding the presence of
known risk factors in patients and controls. It was therefore not
possible to assess the quality of the selection of the control group
systematically.

As mentioned above, the pathogenesis of RVO is multifac-
torial. The general risk factors (hypertension, diabetes, and
smoking) seem to play the most important role. In our study, the
prevalence of hypertension was significantly higher in the group
of elderly patients (> 50 years) negative for APC resistance. In
younger patients the difference was not statistically significant,
probably due to a smaller size of the groups (4 positive and 46
negative for APC resistance). In both age subgroups of patients
with APC resistance the prevalence of history of thromboem-

928



Rehak et al. Prevalence of FVL in patients with retinal thrombosis

bolic events was significantly higher than in patients negative for
APC resistance. The analysis of risk factors confirmed the hy-
pothesis that hypertension plays an important role in the patho-
genesis of RVO. Patients without hypertension as well as patients
with positive history of thromboembolic events have a signifi-
cantly higher probability to be positive for APC resistance.
Therefore, the role of APC resistance should be evaluated in
combination with evaluation of these risk factors.

The role of family history of thrombosis in the management
of patients with RVO is not clear. Only few studies investigated
prevalence of thrombosis in RVO patients” relatives. No signifi-
cant differences in family history of deep vein thrombosis in pa-
tients with RVO compared to controls were found (20). Cur-
rently, no prospective randomized study demonstrated the bene-
fit concerning visual prognosis in patients with RVO treated with
anticoagulation. On the other hand, no study investigated the ef-

In conclusion, combining our own study with the data pub-
lished in the literature, we showed that the prevalence of FVL is
higher in patients with RVO compared to controls. However the
effect is only small. We recommend to ask for history of throm-
boembolic events and to check the general risk factors in all pa-
tients with RVO. Screening of FVL is not necessary in patients
older than 50 years with general risk factors or with a negative
history of thrombosis. We recommend to investigate the FVL in
RVO patients younger than 50 years and in RVO patients without
gereral risk factors or with a positive history of thrombotic
events.

Abbreviations

RVO, retinal vein occlusion; CRVO, central retinal vein occlusion;
BRVO, branch retinal vein occlusion; APC, activated protein C; FV
Leiden, factor V Leiden mutation; OR, odds ratio; CI, confidence inter-

fect of anticoagulation separately in RVO patients with FVL.
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