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BACKGROUND: To investigate the prevalence of macular lesions associated with age-related macular degeneration (AMD) in eyes 
with pachydrusen.
METHODS: Clinical records and multimodal imaging data of patients over 50 years old with drusen or drusenoid deposits were 
retrospectively assessed, and eyes with pachydrusen were included in this study. The presence of AMD features, including drusen 
or drusenoid deposits, macular pigmentary abnormalities, geographic atrophy (GA), and macular neovascularization (MNV), were 
evaluated.
RESULTS: Out of 967 eyes of 494 patients with drusen or drusenoid deposits, 330 eyes of 183 patients had pachydrusen (34.1%). 
The mean age was 66.1 ± 9.3 years, and the subfoveal choroidal thickness (SFCT) was 292.7 ± 100.1 μm. The mean number of 
pachydrusen per eye was 2.22 ± 1.73. The majority of eyes with pachydrusen had no other drusen or drusenoid deposits (95.2%). 
Only 16 eyes (4.8%) had other deposits, including soft drusen (10 eyes, 3.0%), cuticular drusen (3 eyes, 0.9%), and reticular 
pseudodrusen (RPD; 3 eyes, 0.9%). Macular pigmentary abnormalities accompanied pachydrusen in 68 eyes (27.4%). None of the 
eyes had GA, and 82 eyes (24.8%) had MNV. The majority of MNV was polypoidal choroidal vasculopathy (PCV; 65 eyes, 19.7%), 
followed by type 1 (10 eyes, 3.0%), type 2 (5 eyes, 1.5%), and type 3 MNV (2 eyes, 0.6%).
CONCLUSIONS: Eyes with pachydrusen in Korean population have several characteristic AMD lesions in low frequencies. These 
findings indicate that pachydrusen might have diagnostic and prognostic values that are different from those of other drusen or 
drusenoid deposits.
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INTRODUCTION
Age-related macular degeneration (AMD) is the leading cause of 
blindness in elderly patients of developed countries [1]. Drusen, 
which is considered as the hallmark of AMD, is associated with 
pathogenesis and progression of AMD [1]. Several types of drusen 
and drusenoid deposits have been reported including soft drusen, 
cuticular drusen, and reticular pseudodrusen. Their clinical char
acteristics and natural history might differ depending on the types 
of drusen [2–4]. Drusen have been used in the diagnosis and 
prediction of prognosis of AMD [5, 6].

Pachydrusen is a recently recognized type of drusen, defined 
as large drusen (> 125 μm) with irregular borders, scattered 
over the posterior pole, on colour fundus photography (CFP) 
images [7]. Pachydrusen share many morphological and 
imaging aspects with other drusen. Although epidemiologic 
data of pachydrusen is still scarce, a previous study reported a 
prevalence of 7.7% among individuals over 40 years old [8]. 
Reportedly, pachydrusen are more prevalent than soft drusen 
and pseudodrusen combined and more common in Asians 
than in white people [8, 9]. In addition, the 5-year cumulative 
incidence of progression to neovascular AMD in pachydrusen 
eyes was reported as 7.1–17.0%, and pachydrusen was 

frequently accompanied by polypoidal choroidal vasculopathy 
(PCV) (49.3%) [2, 10]. Pachydrusen located in the macula have 
been used with other drusen to diagnose and predict AMD in 
clinical practice and studies, because the current AMD 
classification does not differentiate between drusen types. 
However, whether pachydrusen is a risk factor for advanced 
AMD similar to other drusen remains unclear. On the basis of 
the findings of less frequent development of exudative AMD 
and a significantly lower frequency of the ARMS2 A69S allele, a 
retrospective study on patients with unilateral exudative AMD 
in fellow eyes reported that pachydrusen have different clinical 
and genetic characteristics than soft drusen and pseudodrusen 
[11]. Thus, further studies on the nature of pachydrusen related 
to AMD are required to use them in the diagnosis and prognosis 
prediction of AMD. The accompanying rates of individual 
macular lesions related to AMD in pachydrusen eyes have not 
been thoroughly investigated before, and we believe that they 
may provide valuable information regarding the relation 
between pachydrusen and AMD.

This study aimed to analyse the prevalence of macular lesions 
related to AMD in pachydrusen eyes to estimate the degree of 
association between pachydrusen and characteristic AMD lesions, 
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including drusen (or drusenoid deposits), macular pigmentary 
abnormalities, and advanced AMD lesions.

METHODS
This study was approved by the institutional review board (IRB) of the 
Samsung Medical Center and adhered to the tenets of the Declaration 
of Helsinki. We performed a retrospective review of medical records of 
consecutive patients over 50 years old, who were referred to the retinal 
clinic at the Samsung Medical Center, Seoul, Korea between January 
1998 and June 2021. Given the retrospective design of this study and 
the use of anonymized data, requirements for informed consent were 
waived by the IRB.

Clinical records and multimodal imaging data of patients with drusen 
or drusenoid deposits were retrospectively assessed. Patients were 
included if they were diagnosed with pachydrusen. Exclusion criteria 
were as follows: uveitis, severe diabetic retinopathy, severe hypertensive 
retinopathy, severe epiretinal membrane, retinal detachment, glaucoma, 
refractive error exceeding ± 6 dioptres, history of retinal laser 
photocoagulation, severe ocular media opacity, and insufficient ocular 
examinations.

Demographic information including age, sex, and comorbidities was 
obtained for each patient. All patients had undergone a comprehensive 
ophthalmologic evaluation including slit lamp examination, best corrected 
visual acuity (BCVA) assessment, intraocular pressure (IOP) measurements, 
and refractive error measurement. CFP and fundus autofluorescence (FAF) 
imaging were performed with a fundus camera (TRC 50 IX or DX, Topcon, 
Tokyo, Japan). The fundus camera had a field of view of 50° for fundus 
imaging. All patients underwent spectral domain optical coherence 
tomography (SD-OCT; Heidelberg Engineering, Heidelberg, Germany). The 
protocol of SD-OCT consisted of two B-scans centred on the fovea 
(horizontal and vertical, 12.0 mm, automatic real time (ART) 100) and raster 
scans (30° x 25°, 9.0 mm, centred on the fovea, 31 horizontal B-scans, ART 
25) using enhanced depth imaging (EDI) protocols established by 
Spaide et al. [12]. In cases of suspected macular neovascularization 
(MNV), fluorescein angiography (FA) and indocyanine green angiography 
(ICGA) were performed (Spectralis HRA + OCT, Heidelberg Engineering, 
Heidelberg, Germany).

Drusen and drusenoid deposits
The type of drusen or drusenoid deposits was determined on the basis of 
multimodal imaging by the same criteria used in previous studies, which 
are as follows. Pachydrusen were defined as large drusen ( > 125 μm) with 
irregular borders, scattered over the posterior pole, on CFP images. In 
addition, we confirmed that the deposit was below the retinal pigment 
epithelium (RPE) layer using OCT [7].

Soft drusen were defined as round- or ovoid-shaped drusen with poorly 
defined border, which could be tightly packed and even confluent on CFP 
images. We confirmed that the deposit was below the RPE layer using OCT 
[7]. Reticular pseudodrusen (RPD) were defined as 1) multiple yellowish 
white lesions with a reticular network in CFP, 2) interlacing network in red- 
free (RF) imaging, 3) hyporeflective lesions with mild background 
hyperreflective in near infrared (NIR) imaging, 4) hypofluorescent lesions 
against a background of mild hyperfluorescence in FAF imaging, 5) ≥ 5 
hyperreflective subretinal deposits above the RPE on more than one 
B-scan image in OCT, and 6) hypofluorescent lesions in the mid- or late- 
phase of ICGA. RPD were considered to be present, if they were identified 
in at least three imaging methods, including OCT [13]. Cuticular drusen 
were defined as multiple, yellow or pale, small, round lesions observed in 
CFP, showing a symmetric distribution pattern between bilateral eyes. 
There had to be at least 50 scattered, uniformly sized, small (25–75 μm) 
hyperfluorescent drusen with a typical “stars-in-the-sky” appearance on 
the FA images in each eye. The lesion had to be located beneath the RPE 
with RPE elevation on the OCT images [14].

Macular neovascularization (MNV) and geographic 
atrophy (GA)
The definition and classification of MNV followed the criteria proposed by 
the Consensus on Neovascular Age-related macular degeneration 
Nomenclature (CONAN) study group [15]. The subtypes of MNV were 
comprehensively diagnosed on the basis of the findings from CFP, FA, 
ICGA, and OCT. GA was defined as a sharply demarcated hypopigmented 
area with visible large choroidal vessels in CFP and hypoautofluorescent in 

FAF, with a diameter of at least 175 μm [16]. Only MNV and GA located in 
the macula were investigated.

Imaging analysis
Macula was defined by grids with a radius of 3000 µm, centred on the fovea 
[17]. The number of pachydrusen was counted using CFP. Clustered 
pachydrusen were counted as one pachydrusen. The number of pachy
drusen outside and inside the macula was counted separately. Presence of 
macular pigmentary abnormalities (hyperpigmentation and hypopigmenta
tion) was determined by performing CFP of each eye at baseline [5]. Macular 
RPE abnormalities were determined using OCT. These were classified into 
RPE undulation and pigment epithelial detachment (PED). Presence of MNV 
and GA led to the exclusion of the case in macular pigmentary abnormalities 
and macular RPE abnormalities.

The subfoveal choroidal thickness (SFCT) was measured manually using 
horizontal B-scans of SD-OCT at the foveal centre. All the photographs 
were assessed by two investigators (S.W.N. and H.N.). Inter and intragrader 
agreement on each fundus feature was regularly assessed, and consensus 
training was initiated when κ values were below 0.6. All uncertain 
diagnoses were adjudicated by a senior interpreter (D-I.H.).

Statistical analysis
Quantitative variables were presented as the means ± standard 
deviations. We compared the characteristics of the groups by using the 
independent t-test for continuous variables and the Chi-squared and 
Fisher’s exact test for categorical variables. We analysed linear correla
tions with Pearson’s correlation coefficient (r) for normally distributed 
continuous variables. Statistical significance was set at p < 0.05. 
All statistical analyses were performed using SPSS 20.0 software (SPSS, 
Chicago, IL).

RESULTS
Of the 4204 eyes of 2187 patients aged over 50 years, who were 
referred to the retinal clinic in our hospital, 967 eyes of 494 patients 
were identified with drusen or drusenoid deposits via multimodal 
imaging. Among them, 330 eyes of 183 patients had pachydrusen 
(34.1% of eyes with drusen or drusenoid deposits). The mean age 
was 66.1 ± 9.3 years [50.0–93.8]. The male-to-female ratio was 1.17. 
Bilateral involvement was found in 147 patients (80.3%). The mean 
spherical equivalent was 0.25 ± 1.47 dioptres [−4.25– + 4.75], and 
191 eyes of 330 eyes (57.9%) were hyperopic. BCVA was 0.18 ± 0.35 
Log of Minimum Angle of Resolution (logMAR) [0.00–2.00]. 
Approximately 297 eyes (90.0%) were phakic; 74 eyes (22.4%) were 
fellow eyes of advanced AMD with MNV (Table 1). Representative 
cases are shown in Figs. 1, 2, and 3.

Clinical characteristics of pachydrusen eyes
The detected total number of pachydrusen was 731, and the mean 
number of pachydrusen per eye was 2.22 ± 1.73 [1.00–14.00]. 
Among the 731 pachydrusen, 445 (60.9%) were located in 
the macula, and 286 (39.1%) were located in the extramacula. 
The number of eyes with pachydrusen was 330, and 149 eyes 
(45.2%) had pachydrusen only in the macula, and 116 eyes 
(35.2%) had pachydrusen only in the extramacula. Sixty five eyes 
(19.6%) had pachydrusen both in the macular and extramacula. 
Other types of drusen or drusenoid deposits accompanied 
pachydrusen in 16 eyes (4.8%), including soft drusen in 10 eyes, 
RPD in 3 eyes, and cuticular drusen in 3 eyes. Ghost drusen was not 
found. MNV accompanied pachydrusen in 82 eyes (24.8%), 
including polypoidal choroidal vasculopathy (PCV) in 65 eyes 
(79.3%), type 1 MNV in 10 eyes (12.2%), type 2 MNV in 5 eyes (6.1%), 
and type 3 MNV in 2 eyes (2.4%). GA was not found in any of the 
eyes (Table 2).

In eyes with MNV, among the 167 pachydrusen, 53 (31.7%) 
were located in the macula, and 50.0% of eyes showed only 
extramacular pachydrusen. In eyes with other drusen, Among the 
48 pachydrusen, 26 (54.2%) were located in the macula, and 
31.3% of eyes showed only extramacular pachydrusen.
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Among the eyes with PCV, 63 eyes (97.0%) showed only 
pachydrusen, 1 eye (1.5%) had concurrent soft drusen, and 1 eye 
(1.5%) had concurrent RPD. Among the type 1 and 2 MNV eyes, all 
eyes showed only pachydrusen. Among the type 3 MNV eyes, all 
eyes had concurrent RPD.

Image findings of pachydrusen eyes
Macular pigmentary abnormalities in CFP were concurrent in 68 
eyes (27.4%). Macular RPE abnormalities in OCT were observed in 
51 eyes (20.6%) with RPE undulation and 17 eyes (6.8%) with PED. 
The mean SFCT was 292.7 ± 100.1 μm [55.0–589.0].

Association between age and other features in pachydrusen 
eyes
The mean age was 65.77 ± 9.27 years, in eyes with pachydrusen 
only while that 72.56 ± 6.76 years in eyes with concurrent other 
types of drusen or drusenoid deposits. The mean age was 
65.36 ± 9.07 years in eyes without MNV and 68.33 ± 9.60 years in 
eyes with MNV, respectively.

Age was significantly related to the number of pachydrusen 
(r = 0.215; p = 0.000), concurrent occurrence of other types of 
drusen or drusenoid deposits (p = 0.001), presence of MNV 
(p = 0.015), and SFCT (r = −0.267; p = 0.000). Age was not 
significantly related to macular pigmentary abnormalities 
(p = 0.728) or macular RPE abnormalities (p = 0.728).

Association between the number of pachydrusen and other 
features in pachydrusen eyes
The mean number of pachydrusen was 2.18 ± 1.70 in eyes with 
pachydrusen only and 3.00 ± 2.19 in eyes with other concurrent 
types of drusen or drusenoid deposits. The mean number of 
pachydrusen in eyes without and with MNV was 2.27 ± 1.81 and 
2.04 ± 1.45, respectively.

The number of pachydrusen was not significantly related to sex 
(p = 0.151), concurrent occurrence of other types of drusen or 
drusenoid deposits (p = 0.157), presence of MNV (p = 0.230), 
macular pigmentary abnormalities (p = 0.887), macular RPE 
abnormalities (p = 0.887), or SFCT (r = −0.039; p = 0.484).

Association between choroidal thickness and other features 
in pachydrusen eyes
The mean SFCT was 296.9 ± 99.9 μm in eyes with pachydrusen only, 
and 209.9 ± 61.0 μm in eyes with concurrent presence of other types 
of drusen or drusenoid deposits. The mean SFCT in eyes without and 
with MNV was 294.4 ± 94.3 and 287.6 ± 116.5 μm, respectively.

SFCT was significantly related to the concurrent occurrence of 
other types of drusen or drusenoid deposits (p = 0.000). SFCT was 
not significantly related to the presence of MNV (p = 0.634), 
macular pigmentary abnormalities (p = 0.243), or macular RPE 
abnormalities (p = 0.243).

DISCUSSION
This study investigated the basic clinical features of pachydrusen 
and the prevalence of characteristic macular lesions related to 
AMD in pachydrusen eyes. Although several previous studies 
have investigated pachydrusen, the association between pachy
drusen and AMD lesions remains unclear, because the study 
purposes and methods were varied. Most previous studies used 
CFP with 45° or 50° for the detection of pachydrusen, and one 
study used a 1500 μm radius circle to assess the location of 
drusen [3, 8, 9, 18]. Only one study used a standard circle of 
3000 μm radius centred on the fovea for the detection of drusen 
and pigmentary abnormalities; however, both eyes with soft 
drusen and pachydrusen were classified into the soft drusen 
group [8].

Several basic clinical features of pachydrusen observed in this 
study were noteworthy. Pachydrusen eyes accounted for 34.1% 
(330 eyes from 183 patients) of 967 drusen or drusenoid deposits 
in the eyes of 494 Korean patients in this study, 22.4% of which 
were fellow eyes of unilateral neovascular AMD. There are several 
previous studies on the prevalence of pachydrusen in nonexu
dative AMD eyes. Two studies reported a lower prevalence rate; 
9.7% in 632 eyes of 418 intermediate AMD Korean patients, and 
11.7% in 94 eyes of 71 nonexudative AMD patients (all white 
patients except one) [2, 7]. However, two other studies reported a 
high prevalence rate; 35.7% in the fellow eyes of treatment-naive 
unilateral neovascular AMD Korean patients, and 15.3% in 359 
eyes with drusen (25.5% in the fellow eyes of 145 Asian patients 
with unilateral neovascular AMD and 8.4% in 214 white patients 
of whom 25.2% had neovascular AMD in the fellow eyes) [9, 10]. It 
appears that the prevalence rate of pachydrusen in drusen eyes 
vary by race and the status of fellow eyes; Asians and fellow 
eyes of patients with unilateral neovascular AMD are probably 
associated with a high prevalence rate.

More than half (60.9%) of 731 pachydrusen was located in the 
macula. Approximately two-thirds (64.8%) of 330 pachydrusen 
eyes showed macular pachydrusen, which was slightly higher 
than the previously reported rate (54.1%) [8]. We believe macular 
pachydrusen eyes should receive special attention because most 
of them have no other drusen or drusenoid deposits. Thus they 
may be diagnosed as intermediate AMD solely on the basis of 
pachydrusen. Contrarily, 35.2% of pachydrusen eyes showed 
pachydrusen only in the extramacular area, and 50.0% of 
pachydrusen eyes with MNV showed only extramacular pachy
drusen. A previous study reported a higher rate of eyes with only 
extramacular pachydrusen (45.9%) [8]. This finding indicates that 
extramacular as well as macular pachydrusen may be associated 
with the risk for the occurrence of MNV.

The mean number (and standard deviation) of pachydrusen per 
eye (2.22 ± 1.73) appears to be relatively smaller than those of 

Table 1. Baseline demographics and imaging features of 
pachydrusen eyes.

Pachydrusen eyes (n = 330)

Age (years) 66.1 ± 9.3 [50.0–93.8]

Male sex (%) 178 (53.9%)

Refractive error (D) (spherical 
equivalent)

0.25 ± 1.47 [−4.25–+4.75]

Best corrected visual acuity 
(logMAR)

0.18 ± 0.35 [0.00–2.00]

Intraocular pressure (mmHg) 15.1 ± 3.1 [8.0–21.0]

Subfoveal choroidal thickness (μm) 292.7 ± 100.1 [55.0–589.0]

Number of pachydrusen by location

Total number 731

Average number per eye 2.22 ± 1.73 [1.00–14.00]

Macula 445 (60.9%)

Extramacula 286 (39.1%)

Number of eyes by the location of pachydrusen

Macula only 149 (45.2%)

Extramacula only 116 (35.2%)

Macula and extramacula 65 (19.6%)

Fellow eyes of advanced AMD 74/330 (22.4%)

Fellow eyes of MNV 74

Fellow eyes of GA 0

Data are total number (%) or mean ± standard deviation, unless otherwise 
indicated.
D Dioptres, logMAR logarithm of the minimum angle of resolution, AMD 
Age-related macular degeneration, MNV Macular neovascularization, GA 
Geographic atrophy.
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other drusen or drusenoid deposits as indicated by previous 
studies [1, 19–21]. A previous pachydrusen study reported a 
similar finding; 1.65 ± 1.07 per eye in the fundus area covering 
12 × 9 mm2 [3]. Moreover, the mean number of pachydrusen in 
eyes with MNV (2.04 ± 1.45) was fewer than those in eyes without 
MNV (2.27 ± 1.81).

This study revealed the prevalence of characteristic macular 
lesions related to AMD in pachydrusen eyes. The majority of eyes 
with pachydrusen have no other drusen or drusenoid deposits 
(95.2%). Only 4.8% of pachydrusen eyes have other drusen or 
drusenoid deposits and only 3.0% have soft drusen. A previous 
study also reported a low prevalence rate (14.1%) of other drusen 
in pachydrusen eyes [9]. These findings showed a large difference 
in the results concerning RPD. It was reported that 65.2–79.2% of 
eyes with RPD had soft drusen [22, 23]. Only 20.8–34.8% of eyes 
with RPD did not have concurrent drusen or drusenoid deposits 
[22, 23]. Considering that the prevalence rate of AMD in the 
population was 8.69% (age range; 45–85, 7.4% in Asians), we 
suppose that other drusen might coexist with pachydrusen by 
mere chance, or the relation between other drusen and 
pachydrusen might be very weak [24].

Macular pigmentary abnormalities accompanied pachydrusen 
in 27.4% of the eyes. This prevalence rate was higher than that 

seen in previous reports of population-based AMD cohort studies; 
12.6% of the urban population over 50 years old in the Blue 
Mountains Eye Study, and 13.1% of the population over 43 years 
old in the Beaver Dam Study [25, 26]. The rate of macular 
pigmentary abnormalities in this study was higher than the 
previously reported rate in the Japanese population (8.3%) [8]. 
The possible explanations are older age, different AMD status, and 
detection methods with multimodal imaging.

Advanced AMD was also investigated in this study. MNV 
occurred in pachydrusen eyes, and the most prevalent type was 
PCV (79.3%), followed by type 1 MNV (12.2%), type 2 MNV 
(6.1%), and type 3 MNV (2.4%). Two retrospective progressive 
AMD studies supported this finding, showing the association 
between pachydrusen and progression to PCV with a high 
occurrence rate [2, 11]. Furthermore, another study reported the 
high prevalence of pachydrusen in PCV patients [27]. Thus, it 
appears that pachydrusen are strongly associated with PCV. In 
addition, this study showed that type 1, 2, and 3 MNV also occur 
in pachydrusen eyes. However, all type 3 MNV occurred in eyes 
with both pachydrusen and RPD, suggesting the possible 
influence of RPD.

In this study, GA did not accompany pachydrusen, although 
multimodal imaging was used to detect the presence of GA. A 

Fig. 1 A representative case with macular pachydrusen. A. Two pachydrusen larger than 125 μm with irregular borders are observed in 
colour fundus photography (CFP). Pachydrusen at the upper position is a single form and pachydrusen at the lower position is a clustered form 
(arrowheads). There are no concurrent other types of drusen, macular pigmentary abnormalities, macular neovascularization, and geographic 
atrophy. B Two pachydrusen are located inside of the outermost ring of the Early Treatment Diabetic Retinopathy Study (ETDRS) grid with a 
radius of 3000 µm. C, D Spectral domain optical coherence tomography images demonstrate that two pachydrusen are sub-retinal pigment 
epithelium (RPE) deposits (arrows).
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few previous studies also reported that there were none to rare 
GA in pachydrusen eyes. Akushichi et al. reported that unlike 
soft drusen, pachydrusen eyes did not show any GA after 
regression of pachydrusen [8]. Lee et al. reported that focal 
disruption of ellipsoid zone could develop a corresponding 
site of pachydrusen, but GA was rarely observed [28]. The 
prevalence of GA in AMD eyes in Age-Related Eye Disease Study 
2 (AREDS2) was 32.7%; It therefore appears that pachydrusen 
might have none to minimal association with the development 
of GA [29].

There are a few important clinical issues according to the 
results of this study. Pachydrusen appear to have clinical 
characteristics different from those of other drusen, including a 
low accompanying rate of other drusen and drusenoid deposits, a 
high rate of PCV in MNV occurrence, and no occurrence of GA. A 
previous retrospective, progressive study on patients with 
unilateral exudative AMD reported that pachydrusen have clinical 
and genetic characteristics different from those of soft drusen and 
pseudodrusen on the basis of the findings of less frequent 
development of exudative AMD and a significantly lower 
frequency of the ARMS2 A69S allele [11]. Thus, we suppose that 
pachydrusen probably have a prognostic value different from that 
of other drusen. However, eyes with only pachydrusen in the 
macula are diagnosed as AMD with the current AMD classification 
[5, 6]. In addition, the risk calculation for advanced AMD in eyes 

with only pachydrusen, using the current protocol, may lead to 
erroneous results. Moreover, some differences might occur in the 
results of clinical AMD studies between the Asian population and 
other ethnic populations, because the prevalence of pachydrusen 
is higher in Asians [9].

This study has some limitations. This study was a retro
spective study with a cross-sectional design. We did not observe 
longitudinal changes in pachydrusen. Patients younger than 50 
years old were not included. By contrast, the strengths of this 
study include a relatively larger sample size than those of 
previous studies, use of well-defined diagnostic criteria, evalua
tion of AMD lesions and pachydrusen in the macular area, and 
use of multimodal imaging.

In conclusion, a significant number of eyes of Korean patients 
with drusen or drusenoid deposits had pachydrusen, while 
the majority of pachydrusen eyes had no other drusen and 
drusenoid deposits. In addition, pachydrusen eyes had no GA 
but had a strong association with the occurrence of PCV. These 
findings indicate that pachydrusen might have clinical char
acteristics and prognosis different from those of other drusen 
and drusenoid deposits. Further studies are needed to know 
whether pachydrusen, similar to other drusen, can be used in 
AMD diagnosis and prognosis prediction. We hope that the 
results of this study will provide valuable insights for future 
studies.

Fig. 2 A representative case with pachydrusen and soft drusen. A Three pachydrusen larger than 125 μm with irregular borders are observed 
in colour fundus photography (CFP). (arrowheads). There are concurrent soft drusen and macular pigmentary abnormalities without macular 
neovascularization and geographic atrophy. B Two pachydrusen are located inside of the outermost ring of the Early Treatment Diabetic 
Retinopathy Study (ETDRS) grid with a radius of 3000 µm. C, D Spectral domain optical coherence tomography images demonstrate that two 
pachydrusen are sub-retinal pigment epithelium (RPE) deposits (arrows).
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SUMMARY

What was known before 

● Pachydrusen eyes can accompany macular lesions associated 
with age-related macular degeneration (AMD), but epidemio
logical data were scarce.

What this study adds 

● Pachydrusen eyes have low frequencies of several character
istic AMD lesions.

● Pachydrusen eyes may have different clinical values that are 
different from those of other drusen or drusenoid deposits.

● Therefore, ophthalmologists need different clinical plans.

Fig. 3 A representative case of neovascular age-related macular degeneration with pachydrusen. A Colour fundus photography showed 
three pachydrusen (arrowheads), a few retinal haemorrhages, focal elevated lesions, and macular pigmentary abnormalities. There was no 
concurrent other types of drusen. B Three pachydrusen are located inside of the outermost ring of the Early Treatment Diabetic Retinopathy 
Study (ETDRS) grid with a radius of 3000 µm. C Pachydrusen was located under the retinal pigment epithelium on the spectral domain optical 
coherence tomography (SD-OCT) images (arrow). D SD-OCT shows pigment epithelial detachment and double-layer sign, which are typical 
characteristics of polypoidal choroidal vasculopathy (PCV). The subfoveal choroidal thickness at the foveal centre was measured at 314 μm. 
E Fluorescein angiography shows stippled hyperfluorescences characteristic of occult macular neovascularization with localized 
hyperfluorescence and hypofluorescence. F Indocyanine green angiography shows an abnormal vascular branching network and multiple 
polypoid lesions, indicating the occurrence of PCV.
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Table 2. Macular lesions associated with age-related macular 
degeneration (AMD) concurrent with pachydrusen.

Pachydrusen eyes 
(n = 330)

Accompanying drusen other than 
pachydrusen

16 (4.8%)

Soft drusen 10

Reticular pseudodrusen 3

Cuticular drusen 3

Macular pigmentary abnormalities 68/248 (27.4%)

Accompanying MNV 82 (24.8%)

PCV 65/82 (79.3%)

Type 1 MNV 10/82 (12.2%)

Type 2 MNV 5/82 (6.1%)

Type 3 MNV 2/82 (2.4%)

Accompanying GA 0 (0.0%)

Data are total number (%) or mean ± standard deviation, unless otherwise 
indicated.
CFP Colour fundus photography, MNV Macular neovascularization, PCV 
Polypoidal choroidal vasculopathy, GA Geographic atrophy.
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