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WE READ THE REPORT BY IMANAGA ET AL' WITH GREAT
interest. Their theory of the pathogenesis of pachyvein
formation in central serous chorioretinopathy based on
the thickened sclera is very plausible. However, to further
strengthen their theory, it may be interesting and impor-
tant to clarify whether the thickened sclera will or will not
become normal after resolution. It may be important to de-
termine whether the scleral thickening is primary or sec-
ondary. Did the authors measure the scleral thickness after
resolution in at least some of the affected eyes? Or do they
have a plan to measure it in the future?

We recently proposed our finalized theory of the patho-
genesis of pachyveins.” After exudation in the chorio-
capillaris, when albumin-containing blood plasma is lost,
the blood density increases in the lower reaches of the
choriocapillaris and venules. From Bernoulli’s equation, 1/2
V? + P/p = C, the increase on the blood density (p) it-
self affects the increase in blood pressure (P). Moreover,
the blood density increase affects the decrease in the blood
flow velocity (V). This phenomenon of blood flow velocity
is observed clinically in dehydration syndrome’ and poly-
cythemia vera,” in which the blood density also increases
excessively with a decrease in the capillary blood flow ve-
locity. The decreased blood flow velocity induces the blood
pressure rise in accordance with Bernoulli’s theorem, which
may expand the venules to form pachyveins. When the ex-
panded veins exceed the scleral foramen, blood congestion
occurs, further enhancing the pachyveins. The authors’ and
our theory share the role of the scleral foramen.

There is another common causative anatomic condition
for both theories. The physiologic blood flows generally in
the following sequence: aorta-arteries-arterioles-capillaries-
venules-veins-vena cava. The capillaries are usually formed
in the plexus and anastomosis but the choriocapillaris is not
formed in the plexus, but, at least in the posterior pole re-
gion, in the complex of an individual segment without anas-
tomosis: one arteriole-capillaries-one venule.” This char-
acteristic anatomic condition encourages formation of the
pachyveins. Pachyveins may not always develop; if they do,
they have much less intensity if the choriocapillaris forms in
the usual capillary structure, because the effect and extent
of the exudation, that is, the increase of the blood density
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and decrease of blood flow velocity, may be reduced by being
widely distributed within the plexus capillaries with anas-
tomosis. This anatomic construction of the choriocapillaris
can explain the phenomenon that Maruko et al” observed
in ultra-wide-field optical coherence tomography images,
that is, pachyveins were seen in the posterior pole region
limited to within an angle of about 50° and not seen pe-
ripherally outside the region. This observation coincides
with the particular anatomic structure of the choriocapil-
laris since it also is seen only at the posterior pole region
and not peripherally outside of the posterior region.

From this perspective, we think it is all the more impor-
tant whether the thickened sclera the authors observed is
a primary or secondary phenomenon to further clarify the
pathogenesis of pachyveins and pachychoroid formation.
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WE THANK DR. NISHI AND DR. YASUKAWA FOR THEIR
interest in our paper.! The authors hypothesized that
dilated large choroidal veins (what they refer to as
pachyveins) in central serous chorioretinopathy (CSC)
are driven by increased blood density and pressure follow-
ing plasma exudation in the choriocapillaris, which re-
duces blood flow velocity and causes venule expansion per
Bernoulli’s equation. They also speculated that the unique
structure of the choriocapillaris in the posterior pole differs
from that of typical capillaries because it lacks anastomo-
sis and forms isolated segments, predisposing this region to
dilated choroidal veins. They seemed to think that the scle-
ral thickening observed in patients with CSC is a secondary
phenomenon caused by the pachychoroid.

We evaluated changes in choroidal and scleral thickness
for over 3 months after half-dose photodynamic therapy
(PDT) for CSC using wide-field and anterior segment opti-
cal coherence tomography. We found that choroidal thick-
ness significantly decreased 3 months after PDT in both
the macula and periphery; however, there was no change in
scleral thickness (manuscript in preparation). This finding
suggests that PDT for CSC does not affect scleral thickness
even if it extensively thins the choroid. Furthermore, our
previous study on scleral thickness in unilateral CSC found
that the choroid was significantly thicker in affected eyes
than in fellow eyes, with no difference in scleral thickness.?
This finding implies that choroidal thickening in CSC
does not cause clinically significant scleral swelling. Col-
lectively, scleral thickening in CSC seems to be a primary
phenomenon, and not secondary to a thickened choroid.
We believe that scleral thickening is an important predis-
posing factor for the pathogenesis of CSC.

However, we do not believe that the pathophysiology of
CSC can be explained solely by disturbances in the drainage
of vortex veins through the sclera. Takahashi and Kishi®
reported that scleral buckling surgery for rhegmatogenous
retinal detachment leads to venous congestion, resulting
from vortex vein occlusion. Matsumoto et al.* reported
that ligation of vortex veins in a monkey model induced
vortex vein congestion and pachychoroid-like features,
suggesting that vortex vein congestion contributes to
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pachychoroid pathogenesis. However, these models do not
replicate certain hallmark features of CSC such as serous
macular detachment and multifocal choroidal vascular
hyperpermeability. Therefore, CSC development cannot
be fully attributed to vortex vein congestion caused by
scleral thickening alone.

CSC seems to be caused by a combination of anatom-
ical factors, such as short axial length, scleral thickening,
asymmetric vortex vein, and physiological factors, such
as increased sympathetic activity and steroids affecting
choroidal circulation.” We support the “two-hit theory”®
and believe that scleral thickening is a primary cause of
CSC development and an anatomical risk factor. Further-
more, as stated in our paper,! greater scleral thickening is
a significant risk factor for widespread retinal pigment ep-
ithelial atrophy in eyes with CSC.

We anticipate that future studies will delve deeper into
the pathogenesis of CSC and other pachychoroid diseases.
Such research holds the potential to develop more effective
treatment and prevention approaches, and we are excited to
see progress in this field.
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