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Segmentation of diabetic macular edema in OCT
retinal images
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Abstract: Diabetic macular edema (DME) is one of the important reasons leading to blindness. Its pathological
features are mainly manifested in the accumulation of fluid in the retina. A method for segmentation of diabetic ma-
cular edema in optical coherence tomography (OCT) retinal images is proposed. Firstly, through the image prepro-
cessing, we exclude the impact of speckle noise and blood vessels on the final segmentation results. We used the
improved level set method to solve the problem of segmentation effectively and calculated the area of edema area,
which provides quantitative analytic tools for clinical diagnosis and therapy. Finally, we validated the method in this
study on 15 OCT retina images with DME adults. The precision, sensitivity and dice similarity coefficient (DSC) for
DME segmentation are 81.12%, 86.90% and 80.05%, respectively.

Keywords: diabetic macular edema; optical coherence tomography; level set; image segmentation

Citation: He J T, Chen M H, Jia WY, et al. Segmentation of diabetic macular edema in OCT retinal images[J]. Op-
to-Electronic Engineering, 2018, 45(7): 170605

WisHEA: 2017-11-08; YEEEEHEA: 2018-03-15

A= (61308115) (13ZR1457900)

(15DZ1940400)

fEEEN: (1993-) OCT( ) E-mail kingsley_he@163.com
BIEEE: (1981-) E-mail cmhui.43@163.com

170605-1



DOI

: 10.12086/0ee.2018.170605

% l = Gonzalez"!
OCT
Zheng!"" OCT
B
90 s
15s 105s Chen!!
- - OCT
(2]
(optical coherence tomo- OCT (200x200x1024)
graphy, OCT) 15 min 10 min Bogunovic!'?
3]
OCT 60 s 40 s [11] [12]
[4-7]
OCT
OCT
OCT
OCT
OCT
Fernandez!®!
Dice
84 s 2 . .
376 s Wilkins!® I
405%x270 OCT 2.6
min [3] [8] OCT
sp-oCT [ |—>| |_’| I—A’| |_'—)|

Fig. 1

B1 HErrseR

The flowchart of the proposed method

170605-2



DOI: 10.12086/0ee.2018.170605

( )
ISNR
2.1 BIEKIR
2.2.2
15
OCT
SD-OCT
OCT
(3] (.TIFF)
. OCT
Spectralis SD-OCT
Perona  Malik!"*!
870 mm 1.8 mm
OCT 25  B-SCAN B-SCAN s
6 mmx6 mm 512 pixelsx496 pixels 0
3.8um 14 um
2.2 TALE
2.2.1
( OCT )
3)
OCT ol(x,y,t .
% =div[ g(|vI|- V)]
(14] I(x,y,t=0)=1
I(x, y,1) v -l
OCT g(IvIiD
OCT
y=(x+774)" s 1)
div 1,
nesp Y 4
1.4
2 OCT
)
I,-N
lyw =g > @)
N
) S

A2
Fig. 2 The filtered OCT B-scan image. (a) The origin image in a B-scan; (b) The filtered and denoised OCT B-scan image

170605-3

REERTER. (a) RIRE OCT B, (b) Ek LMD Rk 0 B %

3)



DOI: 10.12086/0ee.2018.170605

2.3 BEHFKBEIIEN S 53 E
OCT

( )
(local binary fitting, LBF) el

LBF ( )

VXe X

E™ (¢, £, f) = [, E"Fdx
= 4 J[[ K, (=) 1) = [P H($(r)dy x
A4 [[[K, (=) () = /()
(1-H(())d]dx
L) A x
) (©)
1 (= Kl TH GO 0]
K, (x)*H,($(x))
K, (x)*[(1= H,(p(x)] (x)]
K, (x)*[1- H,(4(x))]

1 |x
K (x)= exp| — )
o) Qn)’o p( 202j

K, (x-y) |x=yl
A>0 A0 ¢

Heaviside

H_(x) :l 1+£arctan X
2 s £

OCT

(%)=

H(9)

L($) = [, 8((x)|Vh(x)|dx

& H.(x) Dirac

(4)

(5)

7)

(8)

)

5. (0=H()=~—"— . (10
T +x
D) =[5 V0 ~1F)d (1)
F.(¢, /. /2)
F (4, /1 ) = ES (, f10 1)
+aD(4)+ BL.(9) (12)
OCT
t
9 __ _
o 3. (P)(Lie, — Ae,)
(V4
1) d
o) W(IWIJ
2, (VY
+a(V o le[|V¢|D , (13)
¢,(x) = [, K, (y=x)[1(x)= £;(») [dy,(i=1,2) »
Vig=(d’¢/dy*)+(d’¢/dx?)
div(Vg/ | V@)
a p
(
)
3 SERERS R
15 OCT
(precision, P, )
(sensitivity, Se Y7181 Dice (dice
similarity coefficient, R, e
(14) (15) (16)

170605-4



DOI: 10.12086/0ee.2018.170605

p-—L | (14) 3~ 3()
I, +F
S =—Tr (15) 3
T, + Fy
e = 2x— (16) >
R+G; 1
TP
F, F Dice 81.12% 86.90%
Gy 80.05% 80%
R
OCT B-scan
3 15 OCT
( OCT 0.04
mm? 16x52 )
3(a)~ 3(c) SD-OCT 15
3(d)~  3(H) (diabetic macular edema DME)

B 3 MALULIRIRK OCT B#ajtnA. (a)~(c) £F4 OCT B (d~(f) RAXF ko2 e94 R,
(~()VEFohaFl e R
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Table 2 Objective evaluation of algorithm efficiency
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An example of segmentation result by algorithm

Overview: Diabetic macular edema (DME) is one of the important reasons leading to blindness, and the incidence of
diabetic retinopathy is usually associated with macular edema symptoms. Its pathological features are mainly mani-
fested in the accumulation of fluid in the retina. The ophthalmologist could identify and diagnosis the cystoids edema in
the optical coherence tomography (OCT) image, but it is time-consuming and labor intensive. Furthermore, it is neces-
sary to manually mark each slice of the OCT images if the ophthalmologist wants to quantify the cystic edema. Thus, an
automated algorithm is proposed to enable automatic segmentation of cystoids edema and to provide an area of cystic
edema in the slice to estimate the volume. The method is divided into two steps of preprocessing and segmentation. The
first step, preprocessing, we should eliminate the difference in signal-to-noise of the images. A variety of reasons would
result in the difference between images, such as the images come from different patients. It would also result in intensity
inhomogeneity of retinal OCT images. It would also lead to intensity inhomogeneity between each layer of the retinal in
the images. Therefore, it is important to eliminate these effects. To prevent the interference of blood vessels leading to
false detection, we use the gamma transformation to change the brightness, which not only removes the effects of the
blood vessels but also retains the characteristics of the region of interest. For speckle noise, we remove the noise effec-
tively by the anisotropic filtering method. We eliminate the noise of the retinal OCT images as well as preserve the edge
information of each layer. The second step, segmentation, we extract the cystic edema area by improved level set func-
tion. Due to the distance regularizing term, the model is no re-initialization which overcoming the shortcomings of the
traditional level set function allowing for flexible initialization of level set function. Another advantage of the method is
that the Gaussian kernel function reduces the sensitivity to noise. Finally, we utilize the relationship between the num-
ber of pixels and the size of the image (an image region of 0.04 mm? contains a set of 16 pixelsx52 pixels), which calcu-
lated the area of the edema area in the OCT image quantitatively. Experiment result shows that the precision, sensitivity
and dice similarity coefficient (DSC) for DME segmentation are 81.12%, 86.90% and 80.05%, respectively. It can be seen
that the edema area can be divided effectively. The method provides quantitative analytic tools for clinical diagnosis and
therapy.

Citation: He J T, Chen M H, Jia W Y, et al. Segmentation of diabetic macular edema in OCT retinal images[J]. Op-
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