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Antithrombin III activity in subretinal fluid

INTRODUCTION

It has now become apparent that the complex se-
quence of events resulting in a stable clot is balanced
by a vanguard of circulating antagonists which are
extremely efficient in limiting and localizing coagula-
tion (1, 2). They are responsible for maintaining the
fluidity of the blood, and are involved in tissue re-
modeling, cell migration, and the initiation of angio-
genesis in areas of tissue damage or inflammation (1-
4). Activated coagulation factors are serine proteas-
es, and their activity is modulated and inhibited by
several naturally occurring protease inhibitors, the most
important of which is antithrombin III (3, 4). Antithrombin
III (AT III) inhibits thrombin and factor Xa and, to a
lesser degree, factors IXa, XIa and XIIa. Inhibition of

these enzymes by AT III is markedly accelerated by
heparin and by naturally occurring heparin sulfate (1,
2). Reduction of AT III levels to about 50% of normal
predisposes to venous thrombosis (1).

Fibrinolytic activity is associated with a number of
ocular structures (5, 6). However, not much informa-
tion is available about coagulation in eyes (7). To our
knowledge, the presence of AT III in subretinal fluid
(SRF) has not been reported. The aim of this study
was to evaluate the AT III content in SRF and the plas-
ma levels of AT III in patients with rhegmatogenous
retinal detachment and to establish whether this com-
ponent of the coagulation cascade was related to age
and sex, the degree of myopia, the duration and ex-
tent of the retinal detachment, and degenerative changes
of the retina.

PURPOSE. To evaluate antithrombin III (AT III) activity in subretinal fluid (SRF) and blood
plasma.
METHODS. Prospective study of 32 patients, aged from 20 to 77 years (mean 53.8 years), un-
dergoing retinal detachment surgery. Patients with vein or arterial disease or any other fac-
tors that could affect the parameters evaluated were excluded. Subretinal samples were
obtained at the time of routine drainage during retinal detachment surgery. Venous blood
samples were taken from the cubital vein into sodium citrate solution (9:1) immediately af-
ter induction of anesthesia but before surgery. AT III activity in citrated plasma and in SRF
and its relations to patients’ age, sex, duration and extent of retinal detachment and de-
generative changes of the retina, were evaluated.
RESULTS. The median level of AT III activity in 32 SRF samples was 16.5% (lower quartile
8.5% and upper quartile 23%). The mean level of AT III activity in plasma was 105% (SD
24%). AT III levels in SRF were significantly lower than in plasma (p < 0.0001). We found
no correlation between AT III activity in SRF and plasma, and age, sex, the degree of my-
opia, the duration and extent of retinal detachment, or retinal degenerative changes.
CONCLUSIONS. In this study we detected AT III activity in all 32 SRF samples. (Eur J
Ophthalmol 2000; 10: 244-7)
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PATIENTS AND METHODS

Subretinal fluid was collected from 32 eyes of 32 pa-
tients with rhegmatogenous retinal detachment undergoing
retinal detachment surgery. There were 12 females and
20 males aged from 20 to 77 years. Their mean age
was 53.8 years (SD 16.7). The operations included en-
circling combined with a segmental scleral buckling
procedure, under general anesthesia. All patients gave
their written informed consent before they were included
in this study. The study had been approved by the Ethics
Committee of the Faculty of Medicine, University School
of Medical Sciences of Bydgoszcz.

Exclusion criteria comprised other illness or med-
ical treatment besides the retinal detachment, surgi-
cal treatment in the past two years, tobacco smok-
ing, pregnancy during the past two years, menopause
(last menstruation not longer than a year ago), dia-
betes mellitus, previous or present venous thrombo-
sis in the patient or in close relatives. None of the pa-
tients was receiving any medication that might affect
the hemostatic mechanism. No perioperative throm-
boembolic prophylaxis was used.

The degree of myopia, duration and extent of de-
tachment, changes in the fundus oculi such as de-
generation of the retina (cystic, lattice and retinoschi-
sis) and number of tears in the affected eye were an-
alyzed (Tab. I). Eleven eyes were myopic, with refraction
over -3D. Degenerative changes in the retina were
present in 20 eyes.

SRF samples were obtained at the time of routine
drainage during retinal detachment surgery, after cry-
opexy (22 cases) or before cryopexy (10 cases) and
before the encircling band and the buckle had been
placed. The area around the proposed site of scleral
puncture was carefully dried. Scleral puncture was

made at the point of the greatest projection of the de-
tached retina. The SRF was slowly drawn from the
perforation site into the dry syringe by using the plunger
without penetrating the subretinal space. No clinical
complications were observed.

The SRF was centrifuged within 15 min of sampling.
Venous blood samples were taken from the cubital

vein into sodium citrate solution (9:1) immediately af-
ter induction of anesthesia but before surgery. All venepunc-
tures were done using minimal venostasis, after a rest
period of 15 min in the recumbent position.

AT III activity was determined using Berichrom An-
tithrombin III, produced by Behring Diagnostic GmbH.
In this assay, the AT III in the sample is converted in-
to an immediate inhibitor by heparin and inactivates
thrombin in the receiver. The residual thrombin con-
tent is determined in a kinetic test by measuring the
increase in absorbance at 405 nm. Normal reference
values were 75-125%.

Statistical analysis

Results of normally distributed data are expressed
as mean and standard deviation. Parameters with non-
Gaussian distribution are presented as median and
the values of the 25th and 75th percentile [lower quar-
tile (Q1) and upper quartile (Qu)]. In such cases the
Spearman rank correlation test was used to deter-
mine the association of ordinal variables. For AT III
activity in plasma (normally distributed data) and in
SRF (non-Gaussian distribution) the t-test was used
to compare the two samples and the Pearson corre-
lation test to describe the strength of the relationship
between variables - all after logarithmic (log. 10) trans-
formation. A p-value below 0.05 was considered sta-
tistically significant.

TABLE I - MAIN OCULAR FEATURES OF THE 32 PATIENTS STUDIED

Myopia Extent of detachment Duration of No. of tears
detachment

D No. of eyes Quadrants No. of eyes Days No. of eyes No. of tears No. of eyes

-3/-4 5 1-1.5 7 <20 12 1 14

4.1/-7 3 >1.5-2 13 21-40 11 2-3 10

Over-7 3 >2 12 >40 9 >4 8
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RESULTS

Table I summarizes the patients as regards refrac-
tive error, extent and duration of detachment and num-
ber of tears. The median AT III activity in 32 samples
of SRF was 16.5% (Q1 8.5%, Qu 23%) and mean ac-
tivity in blood plasma was 105% (SD 24%). AT III ac-
tivity in SRF was significantly lower than in plasma
(t-test, p < 0.0001) (Figs. 1, 2).

We found no correlation between the AT III activity
in SRF or plasma (Pearson correlation), and age, sex,
degree of myopia the duration and extent of retinal
detachment, retinal degenerative changes, number of
tears and application of cryopexy before or after the
SRF drainage (Spearman rank correlation).

DISCUSSION

The constituents of subretinal fluid may be derived
from vitreous, blood and surrounding ocular tissues
(7). Most biochemical analyses of subretinal fluids have
dealt with proteins, carbohydrates and lipids. SRF con-
tains components of serum protein (8, 9). Normal hu-
man vitreous body may contain a large amount of serum
protein, so its presence does not indicate that it is
derived solely from blood (10). The total protein con-
centration of the SRF tends to rise with the duration
of the detachment, which may indicate an increasing
permeability of the choroidal capillaries (7). Other stud-
ies, however, found no correlation between the level
of protein in the SRF and the duration of the detach-
ment (8). There are few investigations of other com-
ponents in the SRF (7-9).

AT III may inhibit activated coagulation factors in a
very wide spectrum of physiological and pathologi-
cal situations. Thrombi may form in any part of the
vascular system including the microvasculature (1).
The complications of thrombosis are caused either
by the effects of local obstruction of the vessel or dis-
tant embolization of thrombotic material or, less of-
ten, consumption of hemostatic elements (1, 2).

In order to characterize the coagulation potential of
subretinal fluid, we investigated AT III which is one
of the major components of the coagulation cascade.
As far as we are aware, our results show for the first
time that AT III is present in SRF. We found AT III in
every sample.

The presence of AT III in the SRF implies its release
either by diffusion (passive or facilitated) or by active
transport. It would be difficult – even impossible – to
distinguish whether AT III is synthesized and secret-
ed by ocular tissues or simply originates from plas-
ma or from vitreous humor or anterior chamber fluid,
for instance.

We found AT III levels in SRF were significantly low-
er than in plasma and did not correlate with the du-
ration of retinal detachment. The lower AT III con-
centration in SRF may mean that it is not exuded from
the vascular bed or that the capillary endothelium of
these vessels and Bruch’s membrane have limited per-
meability. The latter suggestion is in accordance with
the opinion of previous investigators who reported
that one of the fractions always present in normal serum
(IgM) was not found in any of their cases (8). Some
authors, however, who link an increase in the amount

Fig. 1 - Antithrombin III activity in subretinal fluid (AT III SRF)
and in plasma (AT III blood) from patients with rhegmatogenous
retinal detachment.

Fig. 2 - Antithrombin III activity (median, range) in subretinal
fluid (AT III SRF) and in plasma (AT III blood) from patients with
rhegmatogenous retinal detachment.
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of total protein with the duration of detachment con-
sider transudation from the vascular bed as the most
important feature in the formation of SRF. This was
not apparent in our study.

Other possible sources of AT III in SRF should not
be excluded. The retinal pigment epithelium or the
cells in the SRF itself may well be sources.

Our data suggest that the AT III level does not cor-
relate with the extension of the detachment and does
not reflect the degree of myopia or the degenerative
processes in the retina. AT III activity in SRF is thus
not an indicator of the duration of the disease or of
the condition of the ocular tissues. The physiologi-
cal significance of AT III in SRF is therefore unclear.
This activity certainly plays an important role after
hemorrhage and clot formation, being one of the com-
ponents of the coagulation cascade. Thrombin holds
a central role in the process of hemostatic plug for-

mation, influencing its form, rate of formation, and
limitation (1, 11, 12). Thrombin acts on many sub-
strates, including fibrinogen, converting it to fibrin.
Fibrin formation accompanies tissue degeneration and
regeneration. AT III is the main inhibitor of thrombin
and plays a major regulatory role in the entire coag-
ulation process (1, 11-13). It promotes the right bal-
ance of hemostasis, tissue remodeling and recovery
(1, 12, 13).

The clinical relevance of our findings is at present
unknown but they may help give some clue to the role
of the local coagulation system in retinal detachment.
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