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Abstract
	 Purpose:  To evaluate choroidal vascularity index (CVI) changes after treatment with either spironolactone or 
half-dose photodynamic therapy (PDT).
	 Design:  Retrospective study
	 Methods:  We enrolled 34 patients with subretinal fluid accumulation persisting for more than 3 months due to 
central serous chorioretinopathy (CSC); 16 patients were treated with spironolactone and 18 with PDT. We reviewed 
the central OCT-B scans at baseline and 1 and 3 months after treatment. We defined the CVI as the percent of vascular/
luminal pixels over the total number of pixels and compared the results between the treatment groups.
	 Results:  The baseline CVIs were 60.33% in the spironolactone treatment group and 60.51% in the PDT group. 
After treatment, the CVI remained similar in the spironolactone group, but it increased significantly one month (63.35%) 
and three months (63.56%, P = 0.004, 0.001) after the PDT. The total and luminal choroidal areas were both decreased 
after PDT, but only the stromal area was significantly decreased at one and three months (P = 0.001and P < 0.001, 
respectively). By month three, the subfoveal choroidal thickness (SFCT) had decreased by 30.32 µm (P = 0.013) in 
the PDT group and by 18.88 µm (P = 0.195) in the spironolactone group. 
	 Conclusion:  After CSC treatment, the choroid remained virtually unchanged following the spironolactone therapy, 
whereas the choroidal thickness was significantly reduced and the CVI increased following PDT. These anatomic 
changes in the choroid following PDT may explain why the effects of PDT are more durable and potent than those of 
spironolactone for CSC. 

	 Keywords:  central serous chorioretinopathy (CSC), choroidal vascularity index (CVI), choroidal thickness (CT), 
choroidal vasculature, spironolactone, half-dosed photodynamic therapy
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Introduction
	 Central serous chorioretinopathy (CSC) is a 
pachychoroid spectrum disorder1-4 characterized by 
choroidal abnormalities including increased choroidal 
thickness, large dilated outer choroidal vessels that may 
compress the inner choroid4, and choroidal vascular 
hyperpermeability5-7 (best detected via indocyanine 
green angiography imaging)8-10. Subretinal fluid 
accumulation may occur during periods of activity and 
persisting fluid can lead to vision loss.
	 The etiology and pathogenesis of CSC remain 
unclear; however, corticosteroids (exogenous or 
endogenous) seem to aggravate the condition11-15; and, 
over- or inappropriate activation of the mineralocorticoid 
receptor (MR)7 may lead to choroidal vascular 
dilatation and hyperpermeability. MR activation may 
also promote muscle cell fibrosis via activation of 
the placental growth factor (PGF)/VEGF receptor 1 
(VEGFR1) pathway, and MR antagonists may prevent 
pathologic vascular remodeling16. Zhao and colleagues 
found mineralocorticoid receptors in ganglion, cells 
of inner nuclear layer, and Muller cells in rats eyes17. 
Spironolactone is a well-established MR antagonist 
used to treat hypertension and congestive heart failure, 
and it has been suggested as a potential oral treatment 
for non-resolving CSC18-24. Small studies have reported 
potential treatment efficacies in patients with chronic 
CSC18-23 as well as faster absorption of subretinal fluid 
in cases of acute CSC24. Lee and colleagues found 
similar short-term efficacies of best-corrected visual 
acuity improvement and decrease of subretinal fluid 
height for both oral spironolactone and half-dose 
photodynamic therapy23, but only patients in the PDT 
group decreased their subfoveal choroidal thickness 
after the treatment. Whether the choroidal thickness 
changes following MR antagonist treatment remains 
a controversial point17,19-21. Eplerenone is another MR 
antagonist that may be preferable for male patients with 
CSC because it is less probable to induce hormonal 

issues like gynecomastia. However, eplerenone’s 
MR antagonist effect is considerably less potent than 
spironolactone’s. Moreover, eplerenone failed to 
demonstrate a significant treatment benefit in eyes with 
CSC in a randomized clinical trial25. 
	 Photodynamic therapy (PDT) has been well-
studied and is commonly accepted as an effective 
treatment for chronic CSC26-29. PDT is typically applied 
using either half-dose (of verteporfin) or half-fluence 
(of light) regimens. PDT’s effects are thought to be 
due to a reduction in choroidal hyperpermeability29 
through transient occlusion of choriocapillaris, a 
histopathological finding demonstrated in human eyes30. 
This inner choroidal occlusion is also responsible for 
the subsequent decrease in choroidal thickness and 
choroidal vascular dilatation31-32. 
	 The choroidal vascularity index (CVI) is a metric 
developed to specifically assess the relative proportions 
of the vasculature and stroma in the choroid33-39, the 
index is valuable for assessing the status of various 
diseases, providing information not captured by 
measurements of choroidal thickness alone. The CVI is 
computed as the ratio of the luminal area (LA) divided 
by the total choroidal area (TCA). A difference in 
CVI suggests a difference in the proportion of vessels 
relative to that in the stroma. The CVI in eyes with 
active CSC has been shown to be higher than that in 
the fellow eyes when compared to those in age-matched 
controls34. Kinoshita  and colleagues reported that both 
the hyperreflective area(stromal structure) of the inner 
choroid and the hyporeflective area(luminal structure) 
of the outer choroid are decreased significantly after 
half-dose PDT in patients with CSC40. However, to the 
best of our knowledge, no studies have assessed the 
impact of oral spironolactone on the CVI. Thus, we 
designed this study to evaluate the CVI changes over 
time following oral spironolactone in both the affected 
CSC eye and the fellow eye, and we compared the 
effects to those after half-dose PDT.
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on duration of symptoms(months), defined as the 
recognition of disturbance of visual function, including 
visual acuity, color vision and contrast sensitivity5 and  
a complete ophthalmic examination including BCVA, 
slit-lamp biomicroscopy, dilated ophthalmoscopy, and 
spectral domain optical coherence tomography (OCT) 
with enhanced-depth imaging (EDI) OCT (Spectralis; 
Heidelberg Engineering, Heidelberg, Germany) at 
baseline just prior to treatment, and again 1 and 3 
months after treatment. The main outcome endpoints 
for our study were the change in CVI and the subfoveal 
choroidal thickness (SFCT) 1 and 3 months after the 
start of treatment (PDT or spironolactone). 
	 To facilitate evaluation of the choroid, the spectral 
domain OCT (Spectralis, Heidelberg Engineering, 
Heidelberg, Germany) scans were acquired using the 
EDI technique. A 30 5 15 degrees (8.8 5 4.4 mm) 
pattern centered on the fovea was scanned consisting 
of 19 B-scans with a spacing of 238 µm between scans. 
Each B-scan was averaged 9 to 11 times. The central 
B-scan was used to measure the choroidal thickness 
and CVI. The subfoveal choroidal thickness (SFCT) 
was manually measured from the retinal pigment 
epithelium (RPE) outer surface to the inner scleral 
surface using the caliper tool in the Heidelberg Eye 
Explorer Software (Version 1.10.4.0). We defined 
the central subfield thickness (CST) as the average 
thickness of the macula in the 1-mm central region 
of the Early Treatment of Diabetic Retinopathy Study 
(ETDRS) grid, and we measured it from the internal 
limiting membrane to the RPE; therefore, it included 
both the intraretinal thickening and subretinal fluid.

Choroidal Vascularity Index (CVI) Computation

	 We selected the central EDI-OCT B-scan for 
binarization using the publicly-available Image J 
software (Fiji; http://fiji.sc/Fiji). We computed the 
binarization protocol from Agrawal and colleagues35. 
First, we selected the region of interest (ROI) as a zone 

Methods
	 For this retrospective study, we identified and 
reviewed the records of 34 consecutive patients 
who were newly diagnosed and recurrent CSC with 
persistent subretinal fluid for more than 3 months at 
the Mettapracharak Hospital between 2013 and 2018. 
Among these patients, 16 (16 eyes) received 50 mg 
per day of oral spironolactone (Aldactone; Pfizer, New 
York, NY) for 30 days and 18 patients (18 eyes) were 
treated with half-dose PDT (HD-PDT). Our inclusion 
criteria included: (1) age between 18 years old and 
above; and, (2) best-corrected visual acuity (BCVA) 
between 20/200 and 20/30. Both unilateral and bilateral 
CSC were included in the study. We excluded records of 
patients with any of the following criteria: any evidence 
of other macular disease or a complicating feature 
such as choroidal neovascularization, polypoidal 
choroidal vasculopathy, or diabetic macular edema; 
and, pregnant patients. The Medical Ethics Committee 
of Mettapracharak Hospital approved the research 
protocols, the number of approval was COA011/2563, 
and we conducted the research adhering to the tenets 
set forth in the Declaration of Helsinki.
	 The patients in the PDT group had all undergone 
fluorescein angiography (FA) (HRA-2; Heidelberg 
Retina Angiograph System, Heidelberg Engineering, 
Heidelberg, Germany) to identify the leakage region 
(fluid on OCT) and to calculate the treatment spot 
size (defined as the smallest circular region able to 
completely cover the region of leakage on the FA). After 
obtaining informed consents, 3 mg/m2 of verteporfin 
(Visudyne; Novartis AG, Bulach, Switzerland) were 
infused in the antecuboidal vein during a period of 10 
minutes; subsequently, 5 minutes after the infusion, 
the leakage area was treated with 683 nm of light for 
a period of 83 seconds, with a total irradiation of 50 J/
cm2. Following the PDT, patients were advised to avoid 
bright lights or sunlight for at least 24 hours.
	 The records of all patients also included data 
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on the foveal center with a width of 1,500 mm (750 mm 
to the nasal and temporal sides of the fovea). We placed 
the inner border of the ROI at the outer RPE and the 
outer border at the choroid-sclera interface. The images 
were adjusted to 8 bits, and we applied the Niblack 
autolocal threshold method (Figure 1) to differentiate 
pixels into bright and dark ones. We counted dark 
pixels as belonging to the LA corresponding to the 
vascular lumens. The remaining bright pixels were 
deemed to represent the choroidal stroma. Before the 

computation, we compared the binarized image with 
the original structural OCT image to confirm that the 
binarized image accurately reflected the vascular and 
stromal components visible on the original OCT image. 
The total number of pixels in the ROI served as the 
denominator for CVI computations. We defined the 
CVI as the ratio of the LA divided by the total area. An 
experienced, certified Doheny Image Reading Center 
(DIRC) grader (WT) performed all gradings and the 
CVI analyses. 

Figure 1	 Enhanced-depth optical coherence tomography central B-scan of the left eye (left panel). Following binarization, the 
choroid was divided into dark (vascular lumen) and bright (stroma) pixels. A region of interest (highlighted in yellow) 
with a width of 1,500 mm centered on the foveal center was selected to compute the choroidal vascularity index (CVI).

	 #Unpaired t-test for continuous data and Chi-square test for categorical data
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Statistical Analysis
	 All assessments were performed in both the study 
and the fellow eyes. We analyzed all data using SPSS 
version 21.0 (SPSS, Chicago, IL). Descriptive data 
(age, sex, duration of symptom) are presented as means 
± SDs. Baseline characteristics were used Unpaired 
t-test for continuous data and Chi-square test for 
categorical data. We analyzed pairwise comparisons of 
data (BCVA, CST, SFCT, CVI, the total choroidal area, 
and the luminal and stromal areas) between baseline 
and 1- and 3-month values using repeated ANOVA 
measures with Bonferroni correction. We applied 
unpaired t-tests to compare means between the study 
groups and between baseline and follow-up values 
within groups and paired t-test to compare between 
study eyes and fellow eyes. We considered P values  
< 0.05 as indicative of statistical significance.

Results
	 Our study included records of 34 patients: 16 
patients (16 eyes) in the spironolactone (SPRL) group 
and 18 patients (18 eyes) in the PDT group. The 
baseline characteristics of the two groups were similar 
(Table 1); 3 patients in the PDT group had prior steroid 
use, whereas none of the patients in the spironolactone 
group had been prescribed steroids before. In addition, 
the groups were well balanced in terms of age (mean 
age ± SD, 50.13 ± 11.41 years in the spironolactone 
group, 49.17 ± 8.90 years in the PDT group; P = 0.785), 
proportions of women:men (2:14 and 1:17; P = 0.591), 
duration of symptoms (7.44 months and 7.67 months; 
P = 0.868), and baseline BCVAs (0.48 and 0.40 
logMAR; P = 0.391). 

Table 1  Demographic data

Demographic data	 Spironolactone (N = 16)	 PDT (N = 18)	 P

Mean age ± SD (years)	 50.13 ± 11.41	 49.47 ± 8.75	   0.785
Sex: male (%) 	 14 (87.5)	 17 (94.4)	   0.597
Underlying disease (%)
	 Hypertension	 3 (18.8)	 8 (44.4)	 0.152
	 Diabetes	 2 (12.5)	 2 (11.1)	 1.000
	 Dyslipidemia	 1 (6.3)	 3 (16.7)	 0.604
Smoking (%)	 4 (25.0)	 4 (22.2)	   1.000
Insomnia (%)	 4 (25.0)	 1 (5.6)	   0.164
Stress (%)	 5 (31.3)	 3 (16.7)	   0.429
History of corticosteroid use (%) 	 0 (0.0)	 3 (16.7)	   0.230
Duration of symptom (months)	 7.44 ± 4.50	 7.67 ± 3.45	   0.868

#Unpaired t-test for continuous data and Chi-square test for categorical data
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Choroidal vascularity index (CVI), and total 
choroidal, luminal, and stromal areas
	 The baseline CVIs were 60.33% in the 
spironolactone group and 60.51% in the PDT group 
(P = 0.894). After treatment, the CVIs increased slightly 
(not statistically significant) to 61.72% and 61.28 % 
at 1 and 3 months, respectively, in the spironolactone 
group. However, in the PDT group, the CVIs increased 
significantly to 63.35% (P = 0.004) at the 1-month 
follow-up and o 63.56% (P = 0.001) at the 3-month 
follow-up (Table 2).	
	 The total choroidal areas at baseline were 2.25 
mm2 in the spironolactone group and 2.18 mm2 in the 
and PDT group, but only the PDT group showed a 
statistically significant decrease (P = 0.016 at month 
1 follow-up, P = 0.019 at 3-month follow-up). This 
was primarily due to a reduction in stromal area in the 
PDT group from 0.87 mm2 at baseline to 0.75 mm2 at 
the 1-month follow-up (P = 0.001) and to 0.74 mm2 at 
the 3-month follow-up (P ≤ 0.001). The luminal areas 
did not change significantly in either group (Table 2). 

Subfoveal choroidal thickness (SFCT)

	 The mean subfoveal choroidal thickness (SFCT) 
at baseline in the eyes with active CSC (study eyes; 
SE) tended to be thicker than those in the fellow eyes 
(FE), although the differences only reached statistical 
significance in the PDT group (P = 0.031). After 
treatment, the SFCTs in the study eyes decreased 
significantly from 397.13 mm to 359.88 mm at the 
1-month follow-up (P ≤ 0.001) and to 366.81 mm (P 

= 0.013) at the 3-month follow-up in the PDT group. 
However, in the spironolactone group, the SFCT 
reduction was not statistically significant, dropping 
from 430.94 mm at baseline to 417.94 mm at the 
1-month follow-up (P = 0.237) and to 412.06 mm at the 
3-month follow-up (P = 0.195; Table 2). The SFCTs 
in the fellow unaffected eyes remained similar in all 
groups (Table 2).

Central subfield thickness (CST)

	 In the spironolactone group, the mean CSTs 
decreased from 364.25 mm at baseline to 342.56 mm at 
the 1-month follow-up (P = 1.000) and to 273.31 mm at 
the 3-month follow-up (P = 0.042). In the PDT group, 
the mean CSTs decreased from 387.71 mm at baseline 
to 251.18 mm (P = 0.002) at the 1-month follow-up 
and remained at that level (254.00 mm) at the 3-month 
follow-up (P ≤ 0.001; Table 2). By the 3-month follow-
up, residual subretinal fluid was apparent in 50% of 
spironolactone eyes and in 33.33% of PDT eyes.

Best-corrected visual acuity (BCVA)

	 The mean visual acuities improved significantly 
at the 3-month follow-up in both groups, going from 
0.48 LogMAR at baseline to 0.27 LogMAR in the 
spironolactone group (P = 0.001), and from 0.40 
LogMAR to 0.23 LogMAR in the PDT group (P = 
0.006; Table 2).
	 In the unaffected fellow eyes, the choroidal 
markers remained similar over time in both groups 
(Table 2).
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Table 2  Impact of oral spironolactone or half-dose PDT in eyes with persistent CSC and in unaffected fellow eyes

	 	Spironolactone group		 PDT group			   P#

		  Study eyes	 P#	 Fellow eyes	 P#	 Study eyes	 P#	 Fellow eyes	 P#	
		  (n = 16)		  (n = 12)		  (n = 18)		  (n = 17)		

CVI (%)

 	 Baseline	 60.33 ± 3.97		  64.26 ± 2.79		  60.51 ± 3.59		  62.64 ± 4.39		  0.894

 	 1-month follow-up	 61.72 ± 3.31	 0.319	 64.66 ± 4.31	 1.000	 63.35 ± 4.00	 0.004	 63.23 ± 3.65	 1.000	 0.227

 	 3-month follow-up	 61.28 ± 3.98	 0.627	 64.56 ± 3.37	 1.000	 63.56 ± 3.56	 0.001	 63.74 ± 3.74	 0.545	 0.102

Total choroidal area (mm2)						    

 	 Baseline 	 2.25 ± 0.55		  1.85 ± 0.33		  2.18 ± 0.40		  1.86 ± 0.55		  0.711

 	 1-month follow-up	 2.19 ± 0.56	 1.000	 1.83 ± 0.39	 1.000	 2.01 ± 0.48	 0.016	 1.82 ± 0.55	 0.934	 0.342

 	 3-month follow-up 	 2.20 ± 0.61	 1.000	 1.88 ± 0.41	 1.000	 2.00 ± 0.53	 0.019	 1.79 ± 0.51	  0.282	 0.336	

Luminal area (mm2)

 	 Baseline 	 1.34 ± 0.27		  1.18 ± 0.18		  1.31 ± 0.20		  1.15 ± 0.30		  0.747

 	 1-month follow-up	 1.34 ± 0.29	 1.000	 1.18 ± 0.20	 1.000	 1.26 ± 0.25	 0.511	 1.14 ± 0.29	 1.000	 0.427

 	 3-month follow-up 	 1.33 ± 0.31	 1.000	 1.20 ± 0.22	 1.000	 1.26 ± 0.29	 0.537	 1.12 ± 0.27	 0.912	 0.503	

Stromal area (mm2)

	 Baseline 	 0.91 ± 0.29		  0.67 ± 0.16		  0.87 ± 0.21		  0.71 ± 0.27		  0.696

	 1-month follow-up	 0.85 ± 0.27	 0.266	 0.66 ± 0.21	 1.000	 0.75 ± 0.24	 0.001	 0.68 ± 0.27	 1.000	 0.281

	 3-month follow-up	 0.87 ± 0.31	  0.645	 0.68 ± 0.20	 1.000	 0.74 ± 0.26	 <0.001	 0.66 ± 0.25	 0.299	 0.220	

SFCT (mm)

 	 Baseline	 430.94 ± 98.48		  351.10 ± 68.60		  397.13 ± 70.80		  329.13 ± 103.45		  0.274

 	 1-month follow-up	 417.94 ± 98.16	 0.237	 348.30 ± 66.88	 1.000	 359.88 ± 82.56	 <0.001	 318.67 ± 104.93	 0.160	 0.080

 	 3-month follow-up	 412.06 ± 102.57	 0.195	 336.30 ± 77.58	 0.464	 366.81 ± 93.35	 0.013	 313.80 ± 104.30	 0.224	 0.202	

CST (mm)

 	 Baseline	 364.25 ± 95.27				    387.71 ± 177.52				    0.643

 	 1-month follow-up	 342.56 ± 98.32	 1.000			   251.18 ± 56.04	 0.002			   0.002

 	 3-month follow-up	 273.31 ± 84.34	 0.042			   254.00 ± 64.29	 <0.001			   0.463

BCVA (LogMAR)

 	 Baseline	 0.48 ± 0.26 				    0.40 ± 0.29				    0.391

 	 1-month follow-up	 0.38 ± 0.22	 0.274			   0.30 ± 0.30	 0.192			   0.353

 	 3-month follow-up	 0.27 ± 0.16	 0.001			   0.23 ± 0.26	 0.006			   0.598

P# significance level between baseline and follow-up values.
P* significance level of difference between spironolactone and PDT groups.
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Discussion
	 In this study on the treatment outcomes for eyes 
with CSC and persistent subretinal fluid, we observed 
significant differences between eyes treated with oral 
spironolactone and those treated with half-dose PDT. 
PDT was associated with a more rapid reduction in 
central subfield thickness (and resolution of subretinal 
fluid) and a more profound and rapid reduction in 
choroidal thickness. Interestingly, the stromal area 
(but not the luminal area) decreased over time after 
the treatment, particularly in the PDT group. This 
preferential reduction in the stromal component was 
reflected in the mean CVI, which showed an increase 
in the PDT group following treatment.
	 CVI is a relatively recent measure, although 
an extensive body of literature already mentions its 
potential application in the context of various diseases. 
For example, Agarwal and colleagues proposed CVI 
as a potentially useful marker to monitor panuveitis 
progression35 and Vogt-Koyanaki-Harada disease 
(VKH).36 Notably, baseline CVIs were higher in 
the panuveitis and VKH eyes compared to those in 
the normal controls, a finding that may indicate the 
presence of blood flow stasis in the choroid due to 
the inflammatory process. The CVIs decreased after 
the treatment. In studies on age-related macular 
degeneration (AMD) Xin Wei and colleagues38 reported 
that the mean CVI in exudative AMD eyes was lower 
than that in the non-neovascular fellow eye due to 
a reduction in the luminal area. In another study of 
eyes with non-neovascular AMD without reticular 
pseudodrusen (RPD), the CVI was found to be lower 
in eyes with RPD than in normal control eyes.39 These 
initial studies suggested that the CVI, along with the 
stromal and luminal areas, may be useful markers for 
monitoring changes in the vascular or stromal choroidal 
components. 
	 Although the pathophysiology of CSC is unclear, 
the dilated vessels observed commonly in the outer 

choroid (Haller’s layer) indicate that choroidal 
congestion may be pervasive. Given the prominence 
if these large vessels, one would presume that vessel 
engorgement and vascular volume increments should 
contribute to an increased CVI. Indeed, Agrawal and 
colleagues  reported that the CVIs in CSC eyes were 
higher than in age-matched healthy eyes, and appeared 
to parallel the greater subfoveal choroidal thickness 
(SFCT) in the same eyes34. In recent study of shor 
term CVI change after PDT, Bazvand and colleagues 
found central macular thickness and CVI decreased 
after 6 weeks of PDT laser which explained that  the 
mechanism of PDT in CSC disease is the recovery of 
choriocapillaris circulation41. In a similar manner, it 
would be reasonable to hypothesize that the thinning of 
the choroid that is observed with successful treatments 
(particularly after PDT), is driven by a reduction in 
the area of the engorged outer choroidal vessels. In 
our study, the luminal area decreased following PDT, 
but the reduction was not statistically significant. 
Instead, we found that the key driver of initial choroidal 
thinning following PDT was a statistically significant 
reduction in the stromal area at the 1-month follow-
up. This greater reduction in the stromal area relative 
to that in the vascular area is reflected in the CVI 
increase following treatment. The pathophysiologic 
importance of the larger pre-treatment stromal area is 
emphasized by the fact that in both the spironolactone 
and PDT groups, the stromal area was larger in the 
study eyes than in unaffected fellow eyes. Given the 
presumed importance of the choroidal vasculature and 
hyperpermeability for the CSC pathophysiology, what 
is the function of the stroma in the pathophysiology? 
One hypothesis posits that the choroidal vascular 
changes can lead to an increase in hydrostatic pressure 
and a diffuse swelling of the choroidal stroma. 
Indeed, this may be the substrate for the large patches 
of hyperflourescence that are commonly seen on 
indocyanine green angiography images in these 
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patients. Sonoda and colleagues reported a larger 
hyperreflective area in the inner choroid, and they 
speculated that it was related to inflammation and 
edema of the choroidal stroma present in the setting 
of active CSC42. Chan and colleagues suggested that 
the main PDT action mechanism reduces this choroidal 
hyperpermeability29.
	 Our study revealed a difference in the anatomic 
response to PDT and spironolactone. Whether the 
SFCT changes following spironolactone treatment is 
a controversial point17,19-21,23. For example, there were 
no SFCT changes after 3 months of spironolactone 
treatment in a study by Lee and colleagues23 or after 
1 year of treatment with spironolactone or eplerenone 
in another study by Ghadiali and colleagues19. By 
contrast, Zhao and colleagues observed a decrease 
2 weeks after therapy initiation17, Bousquest and 
colleagues showed a significant decrease after 1 
month20, and Durich and colleagues found a reduction 
in choroidal thickness in a recalcitrant CSC patient 
after 6 months of oral spironolactone or eplerenone21. 
In addition, skepticism over the potential therapeutic 
impact of mineralocorticoid antagonists has increased 
after a randomized trial of eplerenone failed to show 
efficacy for treating CSC. However, spironolactone is 
a more potent antagonist than eplerenone, and it should 
be ideally evaluated in a similar randomized trial. 
Regardless of the apparently contradictory evidence, in 
our study, we observed little impact of spironolactone 
on the total choroidal, luminal, and stromal areas or 
CVIs. The SFCT decreased slightly over the 3 months 
of follow-up, but the reduction was not statistically 
significant. Despite this, we did observe a significant 
reduction in the CST (and subretinal fluid) and an 
vision improvement by the 3-month follow-up in the 
patients treated with spironolactone– the reduction in 
CST, however, was slower than that in the patients 
treated with PDT, who showed a dramatic reduction 

by the 1-month follow-up. Taken together, our 
findings suggest that, any impact of mineralocorticoid 
antagonists operate via different mechanisms that 
do not significantly involve the choroid, unlike the 
mechanisms of PDT. 
	 Our study is not without limitations and these must 
be considered when interpreting our findings: First, 
our study was retrospective in nature and we cannot 
rule out ascertainment bias or unknown imbalances 
between the study arms. However, we are fortunate 
because all the participants were imaged using the 
same protocol. Second, our follow-up lengths were 
relatively short at three months. As a result, we 
were not able to detect long-term differences in the 
treatment arms in terms of visual acuity, recurrent 
disease activity, or further choroidal changes. Third, 
our sample size was relatively small. Although we 
observed significant differences in CVI and stromal 
area in the PDT arms, we were likely underpowered 
to detect smaller differences due to treatment effect, 
particularly in the spironolactone arm. However, this 
was a pilot study to evaluate CVI changes following 
treatment, and our findings can guide the design of 
future, large, prospective longitudinal studies. Finally, 
although the CVI computation methodology we used, 
based on binarization, has been well-established in 
the literature, the lack of histological assessments 
for comparison introduces uncertainty regarding the 
accuracy of classifying pixels as representing stromal 
tissue. 
	 In summary, in this pilot study of CVI analysis 
after spironolactone and PDT therapy for CSC, we 
found that the CVI increased after PDT, but not after 
spironolactone treatment. Moreover, the CVI change 
was primarily driven by a reduction in stromal area. If 
confirmed in larger, prospective studies, these findings 
may provide new insights into the pathophysiology of 
CSC and response to therapy.	
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การศึกษาการเปลี่ยนแปลงของ choroidal vascularity index ในการรักษา
โรคจดุภาพชดัแยกช้ันจากน�ำ้รัว่เรือ้รงัด้วยสไปโรโนแลคโตนเปรียบเทยีบกบัการ
รักษาด้วย photodynamic therapy

บทคัดย่อ:
	 วตัถปุระสงค์ของงานวจิยั:  โรคจดุภาพชดัรัว่น�ำ้ (Central Serous Chorioretinopathy: CSC) ปัจจบุนัพบว่าเป็นโรคทีม่คีวาม

ผิดปกติของชั้นคอรอยด์ โดยจะพบชั้นคอรอยด์หนาตัวขึ้น (Increased choroidal thickness) และเส้นเลือดในชั้นคอรอยด์มีการ

ขยายตัวขึ้น (Dilated choroidal vessels) การวัดชั้นคอรอยด์ด้วยวิธี CVI (Choroidal vascular index) เป็นวิธีการวัดที่จะประเมิน

เส้นเลือดในชั้นคอรอยด์กับชั้นเนื้อเยื่อคอรอยด์ (choroidal stroma) ท�ำให้เห็นได้ว่า มีความผิดปกติที่ส่วนใดเป็นหลักการรักษาโรค

จุดภาพชัดรั่วน�้ำด้วยวิธีเลเซอร์Photodynamic therapy (PDT) และ Spironolactone ที่มีคุณสมบัติเป็น Minearalocorticoid 

antagonist เป็นหน่ึงในวิธีท่ีน�ำมาใช้ในการรักษาโรคจุดภาพชัดรั่วน�้ำ โดยวัตถุประสงค์ในการศึกษานี้เพื่อดูการเปลี่ยนแปลงของชั้น

คอรอยด์ โดยจะประเมนิการเปลีย่นแปลงของเส้นเลอืดคอรอยด์และชัน้เนือ้เยือ่คอรอยด์ก่อนและหลงัการรกัษาด้วย Half-dose PDT 

และ spironolactone	

	 รูปแบบการวิจัย:  การศึกษาย้อนหลัง

	 วธิกีารศกึษา:  choroidal vascularity index (CVI) เป็นการศกึษาชัน้คอรอยด์ โดยน�ำภาพตดัขวางจอตา (Optical coherence 

tomography) มาวิเคราะห์สัดส่วนของ vascular/luminal pixels เทียบกับ total number of pixels โดยน�ำมาคิดเป็นเปอร์เซ็นต์ 

โดยการศึกษานี้น�ำผู้ป่วยที่ได้รับการวินิจฉัยว่าเป็นโรคจุดภาพชัดแยกชั้นจากน�้ำรั่วเรื้อรังที่ได้รับการรักษาด้วยด้วยสไปโรโนแลคโตน

จ�ำนวน 16 รายและ photodynamic therapy จ�ำนวน 18 ราย มาเปรียบเทียบการเปลี่ยนแปลงของ CVI หลังได้รับการรักษาที่ 1 

และ 3 เดือนตามล�ำดับ

	 ผลการศึกษา:  พบว่ากลุ่มที่ได้รับสไปโรโนแลคโตนไม่มีการเปลี่ยนแปลงของ CVI ,กลุ่มที่ได้รับ photodynamic therapy มี

การเปลี่ยนแปลงของ CVI ที่ 1 และ 3 เดือนอย่างมีนัยส�ำคัญทางสถิติ (60.51% เทียบกับ 63.35% และ 63.56% P = 0.004, 0.001) 

และพบว่าความหนาของชั้นคอรอยด์หลังได้รับการรักษาที่ 3 เดือนลดลง 30.32 µm (P = 0.013) ในกลุ่มที่ได้รับ photodynamic 

therapy เทียบกับ 18.88 µm (P = 0.195) ในกลุ่มสไปโรโนแลคโตน

	 สรุป:  จากการศึกษาการรักษาด้วยสไปโรโนแลคโตนไม่พบการเปลี่ยนแปลงของชั้นคอรอยด์ ในขณะที่การรักษาด้วย 

photodynamic therpy มีความหนาของชั้นคอรอยด์ลดลงและ CVI เพิ่มขึ้นอย่างมีนัยส�ำคัญทางสถิติ ดังนั้นการรักษาด้วย 

photodynamic therapy ส่งผลต่อการเปลี่ยนแปลงทางกายวิภาคของชั้นคอรอยด์มากกว่าสไปโรโนแลคโตน ซึ่งอาจส่งผลให้

ประสิทธิภาพของการรักษาด้วย photodynamic therapy มีประสิทธิผลมากกว่าสไปโรโนแลคโตน

	 ค�ำส�ำคัญ:  โรคจุดภาพชัดแยกชั้นจากน�้ำรั่ว, สไปโรโนแลคโตน
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