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mostly affecting men in their third and fourth life decade. Changes most often involve
the macula and are associated with pigment epithelial and neurosensory retinal
detachment. The literature highlights an involvement of the choroidal veins and pigment
epithelium in the pathogenesis of CSCR. Nevertheless, both the risk factors and the
molecular mechanisms of CSCR remain uncertain. The Flammer syndrome refers to a
phenotype characterized by the combination of primary vascular dysregulation with
a cluster of additional symptoms and signs. Subjects affected by the syndrome have
a predisposition to react differently to a number of stimuli, such as cold, physical or
emotional stress, or high altitude. We postulate that Flammer syndrome might be one
of the risk factors for CSCR. This relationship, however, requires further investigation.
Better knowledge of risk factors, such as Flammer syndrome, will potentially help to
prevent the disease in the future.

Abbreviations: BRB: Blood-Retinal Barrier; CSCR: Central Serous Chorioretinopathy;
RPE: Retinal Pigment Epithelial; PE: Pigment Epithelial; VA: Visual Acuity; DRPE: Diffuse
Retinal Pigment Epitheliopathy; CNV: Choroidal Neovascularization; FA: Fluorescein
Angiography; ICG: Indocyanine Green; OCT: Optical Coherence Tomography; FS:

Flammer Syndrome; RVP: Retinal Venous Pressure

Introduction

The blood-retinal barrier (BRB) is composed of an inner and
outer barrier. Its structure controls the diffusion of molecules
along different pathways. The role of the BRB is to prevent the
entry of large molecules of the circulating blood into the retina
and into the tight junctions between retinal epithelial cells. It
also prevents the passage of large molecules from the fenestrated
choriocapillaris into the retina. The function of the BRB is regulated
by molecules such as prostaglandins, nitric oxide, or endothelin.
Endothelin is a strong vasoconstrictor which also dysregulates the
BRB function. Regulation and dysregulation of barrier functions,
as well as, regulation and dysregulation of the size of vessels, can
lead to different pathological conditions in the eye. One of these is
CSCR. When the weakening of the BRB on the level of the pigment

epithelium allows the diffusion of molecules into the retina, the

result is a clinical picture of a CSCR. In this review, we discuss a
potential relationship between primary vascular dysregulation [1],
the core sign of FS [2,3], and barrier dysregulation, the core sign
of CSCR. This is based on both published literature and clinical
observation of our own patients.

Central Serous Chorioretinopathy

Central serous chorioretinopathy (CSCR) is the fourth most
common retinopathy after age-related macular degeneration, dia-
betic retinopathy, and retinal vein occlusions. Many epidemiology
studies have demonstrated a higher incidence of the disease among
the male population in their third and fourth decades [4]. Numer-
ous risk factors for CSCR have been reported, although the cause of
the disease remains unknown. One of the best-known risk factors
is the use of glucocorticoids. This theory supports the increased
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incidence of CSCR in patients with Cushing’s syndrome and those
who are pregnant [5]. In both conditions, the endogenous plasma
cortisol levels are elevated, which can influence the choroidal circu-
lation. Among the risk factors for CSCR, one of the most frequently
discussed is psychological stress. The Type A personality has fre-
quently been found to be associated with CSCR. Yannuzzi’s study of

CSCR and personality types supports this association [6].

Additional factors, such as the use of psychotropic and

sympathomimetic medication; systemic factors such as
gastroesophageal reflux and autoimmune disorders; the use
of tobacco and alcohol are also thought to be potential risks
in the pathogenesis of CSCR [7-9]. To study the choroidal
circulation of CSCR patients, C. Priinte und ]. Flammer in 1996
performed indocyanine-green angiography with a scanning laser
ophthalmoscope and digital imaging analysis. They found in
these patients a delayed arterial filling followed by capillary and
venous congestion. This observation supports our hypothesis of an
involvement of primary vascular dysregulation in the pathogenesis

of this disease [10].

Figure 1: Autofluorescence and OCT findings of fluid
accumulation in acute CSCR form.

Phenomenology of CSCR: CSCR is a chronic, recidivist
disorder affecting the macula and it could be characterized by
serous neurosensory retinal detachment and/or retinal pigment
epithelial (RPE) detachment. One of the most common disease
signs is serous pigment epithelial detachment (PED); this can occur
as a single event or as multiple small PEDs. Pigment epithelial
(PE) changes can also exist without the splitting or thickening of
the RPE complex or changes in the neurosensory retina. On the
other hand, the accumulation of fluid in the subretinal space is
produced by an abnormal focal defect at the level of the RPE [11].
CSCR can occur in an acute or a chronic form. Recent clinical trials
have considered CSCR to be in a chronic form when there has been
persistent fluid accumulation for at least three months. In the
primary appearance of the disease, most RPE and neurosensory
changes resolve spontaneously within 2-3 months (Figures 1 & 2).
Recidivism is common and can be accomplished by persistent RPE
changes and decrease in visual acuity (VA). Most patients describe

the symptoms as the appearance of a dark area in the center of the
vision. As the disease progresses, straight lines may appear bent,
crooked or irregular [12]. The dark areas are present in every
recidivism, and in the chronic phase can lead to central blind spots.
Prognosis is highly dependent on the presenting VA; patients with
initial good VA have a better prognosis compared to patients with
poor initial VA. Every recidivism is associated with further VA loss.
Recovery time for average two to three Snellen lines can last for

several years [13].

Figure 2: Fluorescein Angiography: “Smoke like“hyper
fluorescence in acute CSCR form.

Widespread RPE damage in CSCR can provoke diffuse retinal
pigment epitheliopathy (DRPE) [14]. Over time, this can lead to
photoreceptor death which, together with PE death, may result in
permanent visual loss. Ischemic changes in severe cases could be
followed by choroidal neovascularization (CNV) and irreversible
visual loss due to permanent fluid accumulation and cell death.
Choroidopathy with or without choroidal infarction can stimulate
ischemic ocular changes and consecutive CNV. The systemic or
local factors that influence the course of the disease, its ischemic
changes, or the poor prognosis of some cases remain unknown.
[15]. The status of the retinal pigment epithelium distinguishes
the first, or classic, form of CSCR from the second form, which is
marked by diffuse retinal pigment epitheliopathy (DRPE) [16].
Compared to the classic form, characterized by minimal changes
at the level of the RPE, DRPE cases have extensive RPE damage
and long lasting subretinal fluid accumulation The third form, a
bullous, very rare variant of CSCR is associated with poor prognosis
because of inferiorly gravitating fluid and progressive RPE damage.
That this form occurs largely beneath the fovea is another reason
it is associated with visual loss [17]. The use of current diagnostic
tools such as fluorescein angiography (FA) and indocyanine green
(ICG), as well as novel developments including optical coherence
tomography (OCT), contribute to a deeper understanding and
follow-up of the disease.

Pathogenesis of CSCR: The role of choroid has been
emphasized as one of the mostimportant factors in the pathogenesis
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of CSCR. Choroidal blood-flow changes can be induced through
the production of free radicals, inflammatory cells, and nitric
oxide. Long-standing choroidal changes and vein congestion
together with the extensive dysfunction and loss of RPE, unable the
resorption of the subretinal fluid [18]. Hyperpermeable choroidal
vessels produce increased tissue hydrostatic pressure, and lead to
the breakdown of the blood-retinal barrier. This promotes PEDs,
subretinal fluid accumulation, or neurosensory detachment. The
reduced reflectivity between the outer choroid and sclera, evident
in the OCT findings, are a product of choroidal venous congestion.
The choroidal vascular dysregulation detected in the OCT are
also seen in the delay of choroidal filling apparent in the FA. This
delay could be caused by choroidal lobular ischemia [19]. The ICG
findings show early filling and dye wash out, accomplished with
late persistent hyper fluorescence. Using the laser interferometer,
Tittle and colleagues compared the fundus pulsation amplitudes in
CSCR eyes and control eyes. In the affected eyes of CSCR patients,
they measured greater amplitudes compared to the non-affected
eyes of the same patients. Compared to the control subjects with
similar systemic parameters, a significant difference was noticed in
the laser interferometer results of the CSCR patients. Nevertheless,
in the inactive phase of the disease, the patients with CSCR still had
increased sub foveal blood flow in the affected eye compared to the
non-affected eye. The same results were found when compared to
the control subjects [20]. Spectral domain OCT (SD-OCT) shows
that, because of choroidal-flow dysregulation, the thickened
choroid evinces a perfusion delay and choroidal ischemia, which
is a target factor for the consecutive retinal changes [21,22]. It
is uncertain whether choroidopathy and epitheliopathy have a
common pathogenetic mechanism that can indicate the progression
and prognosis of the disease. For example, not every patient with
DRPE and permanent visual loss because of epitheliopathy, has a
choroidopathy in terms of subretinal fluid presence, on the OCT
findings [23].

Flammer Syndrome

The term Flammer syndrome (FS) [1-3] describes a phenotype
characterized by the presence of primary vascular dysregulation
together with a cluster of additional symptoms and signs that may
occur in healthy people as well as in people with disease. It refers
to a predisposition to react differently to a number of stimuli, such
as cold [24], physical or emotional stress, or high altitude. The most
common symptom or sign is cold extremities with an increased
response to coldness [24]. These subjects often have cold hands
and/or feet, both subjectively and objectively. The extremities
can be cold even in normal environmental temperatures but are
particularly likely to respond with vasoconstriction to coldness
or psychological or mechanical stress. These subjects often have
prolonged sleep onset time [24], as temperature and sleep are
interrelated. One can fall asleep only after the extremities are
warmed up, and this often takes longer in FS subjects. The second

most common sign of FS is low blood pressure [25], especially
when the subjects are young.

Blood pressure can be generally low or can drop when subjects
stand up (orthostatic hypotension) or when they are sleeping
(nocturnal over-dipping). FS subjects have a reduced feeling of
thirst. They, however, normally drink enough, as they know they
need to do so. These subjects are characterized by an enhanced
sensitivity to many types of stimuli. They have increased sensitivity
to certain drugs (e.g., calcium channel blockers and systemic beta-
blockers). They also have increased pain sensation, increased sense
of smell [26], increased sensitivity to high altitude, etc. They often
suffer from tinnitus and sometimes even from sudden (mostly
reversible) hearing loss [27]. The syndrome occurs more often in
females than males, in subjects who are slim more than in those
who are obese [28], in academics more than in blue-collar workers,

and in Asians more than in Caucasians.

Typically, these persons have a tendency toward perfectionism.
Intermsofocular perfusion, FSsubjectshavereduced autoregulation
[29]. This explains why in these cases ocular blood flow correlates
with finger blood flow. These subjects have increased retinal
venous pressure, stiffer retinal vessels [30], reduced neurovascular
coupling [31], and optic disc hemorrhages [32]. They also have
slightly increased ET-1 plasma levels and altered gene expression
in circulating lymphocytes. FS is related to some eye diseases, such
as glaucoma, especially normal tension glaucoma [33,34], retinitis
pigmentosa [35-37], Leber’s hereditary optic neuropathy [1], and
optic nerve compartment syndrome [1,38]. FS is also a risk factor
for vascular occlusions; those that have been reported include
retinal vein occlusions [39,40], cilioretinal artery occlusions [41],
choroidal infarctions [42] anterior ischemic optic neuropathies,
and Susac syndrome [43]. FS is also more often present in Multiple
Sclerosis patients [44] and is a risk factor for perioperative visual

loss [45,46], breast cancer and metastatic disease [47,48].

Flammer Syndrome: A Potential Risk Factor for CSCR

While the cause of CSCR remains unclear, a number of risk
factors have been proposed, such as a Type A personality. Emotional
stress seems to be an important parameter and a risk factor for a
CSCR development. Individuals with FS typically respond to stress
similarly, with transient vasoconstriction and/or vasodilatations.
Indeed, our CSCR patients often indicated cold hands or feet
under stress. In addition, they had other symptoms of FS, such as
a reduced feeling of thirst and prolonged sleep onset time or low

blood pressure.

The core of FS is a primary vascular dysregulation. A
dysregulation of choroidal veins in CSCR was first observed by
Priinte and then confirmed by several studies [10,49]. Interestingly,
most of our CSCR patients also had an increased retinal venous
pressure (RVP) (contact lens dynamometer [4], IMEDOS Systems
UG, Jena, Germany), as it has also been described in FS subjects. An
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elevated RVP is most often a result of a local venous constriction at
the level of the optic nerve head. This, in turn leads to a dilatation of
the retinal veins upstream [50]. A similar mechanism could occur in
the choroidal veins of CSCR patients.

We also observed increased retinal venous pressure in the non-
affected fellow eyes of our CSCR patients. The same behavior has
been described among patients with retinal vein occlusion, who also
experienced an increase in retinal venous pressure in the clinically
non-affected fellow eye [51]. In CSCR patients, the thickened
choroid can be explained by the focal or diffuse dilatation of large
choroidal vessels. ICG angiography has shown that these dilated
vessels are commonly localized within areas of increased choroidal
vascular permeability [52]. Above these dilated choroidal vessels,
the inner choroidal layer, which includes medium and small vessels,
is thinner in the area of a barrier dysfunction of the RPE, than in
adjacent areas. Furthermore, we observed a transient increase of
plasma endothelin-1 during the acute phase of CSCR. The local
concentration of endothelin-1 may even be considerably higher in
these cases and could explain both the dysregulation of choroidal
vessels and the disruption of the RPE barrier [53]. A transient
increase of plasma endothelin-1 level has also been observed in FS
subjects after provocation by cold. The vascular dysregulation also
leads to an unstable oxygen supply and thereby increases oxidative
stress, further damaging the barrier function. Although FS occurs
more often in young females, CSCR is more frequent in young males.
We assume that for CSCR a certain level of testosterone might be a

“condition sine qua non” [54].

Conclusion

CSCR is a recidivist, sight-threatening disease of origins yet
unknown. Therapeutic options are limited. Because a relationship
appears to exist between the disease and corticosteroids, the
discontinuation of steroid treatment is advised among those with
CSCR. That reducing stress is beneficial in its treatment is generally
agreed upon. If FS is confirmed to be a risk factor, treatment of FS

may help to prevent CSCR and/or mitigate the course of the disease.
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