
Study of Retinal and Choroidal 

Changes in Children with Sickle Cell 

Disease using Optical Coherence 

Tomography and Angiography 

Thesis  

Submitted For Partial Fulfillment of Master Degree in 

Ophthalmology 

By  
Tasneem Mahmoud Mohamed ElSadek 

M.B.B.Ch. Faculty of Medicine, Ain Shams University 

Under supervision of  

Prof. Dr. Abdelrahman Gaber Salman  
Professor of Ophthalmology  

Faculty of Medicine, Ain Shams University 

Prof. Dr. Azza Mohamed Ahmed Said 
Professor of Ophthalmology  

Faculty of Medicine, Ain Shams University 

Dr. Mohamed Ibrahim Saleh  
Lecturer of Ophthalmology  

Faculty of Medicine, Ain Shams University 

Dr. Nayera Hazaa Khalil Abdelhafez  
Assistant Professor of Pediatrics  

Faculty of Medicine, Ain Shams University 

Faculty of Medicine  

Ain Shams University  

Cairo- Egypt  

2020 



 



AAAccckkknnnooowwwllleeedddgggmmmeeennntttsss 

First and foremost, I feel always indebted to ALLAH, 

the Most Kind and Most Merciful.

I’d like to express my respectful thanks and profound 

gratitude to Prof. Dr. Abdelrahman Gaber Salman, 

Professor of Ophthalmology Faculty of Medicine, Ain Shams 

University for his keen guidance, kind supervision, valuable 

advice and continuous encouragement, which made possible the 

completion of this work. 

I am also delighted to express my deepest gratitude and 

thanks to Prof. Dr. Azza Mohamed Ahmed Said, 

Professor of Ophthalmology  Faculty of Medicine, Ain Shams 

University, for her kind care, continuous supervision, valuable 

instructions, constant help and great assistance throughout this 

work. 

I am deeply thankful to Dr. Mohamed Ibrahim 

Saleh, Lecturer of Ophthalmology Faculty of Medicine, Ain 

Shams University, for his great help, active participation and 

guidance. 

I wish to introduce my deep respect and thanks to Dr. 

Nayera Hazaa Khalil Abdelhafez, Assistant Professor 

of Pediatrics  Faculty of Medicine, Ain Shams University, for her 

kindness, supervision and cooperation in this work.

Tasneem ElSadek 



Contents 

Title       Page No.  

List of Abbreviations ............................................................................... i 

List of Tables ......................................................................................... iii 

List of Figures ......................................................................................... v 

List of Graphs .......................................................................................... x 

Introduction ............................................................................................. 1 

Aim of the Work ...................................................................................... 5 

Review of Literature 

Sickle Cell Disease ..................................................................... 6 

Optical Coherence Tomography ............................................ 24 

Optical Coherence Tomography Angiography ................... 34 

Patients and Methods .......................................................................... 54 

Results .................................................................................................... 67 

Discussion .............................................................................................. 93 

Strengths and Limitations ................................................................. 99 

Summary ............................................................................................. 100 

Conclusion ........................................................................................... 102 

References ........................................................................................... 103 

Appendices .......................................................................................... 116 

Arabic Summary .......................................................................... –– 

 

 

 



 

 
i 

List of Abbreviations  

Abb.    Full term  

CBC .................... Complete blood count  

CC ....................... Choriocapillaris  

DCP .................... Deep capillary plexus  

DVC .................... Deep vascular complex  

FAZ ........................Foveal avascular zone  

FFA ..................... Fundus fluorescein angiography  

GCC .................... Ganglion cell complex  

HbS ..................... Hemoglobin sickle   

ICGA ................... Indocyanine green angiography  

ICP ...................... Intermediate capillary plexus  

ILM ..................... Internal limiting membrane  

IOP...................... Intraocular pressure  

IS/OS .................. Inner segment/ outer segment  

NPSR .................. Non-proliferative Sickle retinopathy 

OCTA .................. Optical coherence tomography angiography  

ONH ................... Optic nerve head  

PAMM ................ Paracentral acute middle maculopathy  

pRNFL ................ Peripapillary retinal nerve fiber layer  

PSR ..................... Proliferative sickle cell retinopathy  

RPCP .................. Radial peri-papillary plexus  

SCD..................... Sickle cell disease  

SCP ..................... Superficial capillary plexus  

SCR ..................... Sickle cell retinopathy  

SD-OCT .............. Spectral domain optical coherence tomography  

SNR .................... Signal to noise ratio  



 

 
ii 

List of Abbreviations Cont... 

Abb.    Full term  

SSADA ................ Split-spectrum amplitude-decorrelation 

angiography  

SS-OCT ............... Swept-Source OCT  

SVC ..................... Superficial vascular complex  

TD-OCT .............. Time domain-OCT  

VD ....................... Vessel density  

VEGF .................. Vascular endothelial growth factor  

 

  

 



 

 
iii 

List of Tables 

Table No.     Title   Page No.  

1:  The VD in the SCP and DCP of macula in 

normal children ............................................................ 48 

2:  The VD in the different plexuses among the 

different areas of the macula .................................... 50 

3:  Comparison between the control and cases 

groups regarding the mean macular 

thicknesses (µm). ......................................................... 71 

4:  Comparison between the control and cases 

groups regarding the mean choroidal 

thickness (µm). ............................................................. 74 

5:  Comparison between the control and cases 

groups regarding the mean IS/OS thickness 

(µm). ................................................................................ 76 

6:  Comparison between the control and cases 

groups regarding the mean GCC thickness 

(µm). ................................................................................ 76 

7:  Comparison between the control and cases 

groups regarding the mean peripapillary 

average RNFL thickness (µm). ................................. 77 

8:  Comparison between the control and cases 

groups regarding the mean vertical C/D ratio. ..... 79 

9:  Comparison between the control and cases 

groups regarding the mean SCP VD (%). ............... 80 

10: Comparison between the control and cases 

groups regarding the mean DCP VD (%)................ 83 

11: Comparison between the control and cases 

groups regarding the mean FAZ area (mm²). ........ 85 

12: Comparison between the control and cases 

groups regarding the optic disc density (%). .......... 87 



 

 
iv 

List of Tables Cont... 

Table No.     Title   Page No.  

13:  Correlation between the macular thickness 

and the vessel density of the SCP and DCP in 

the corresponding parafoveal subfields. ................. 89 

14:  ANOVA test comparing the affection of the 

SCP and DCP in the cases and control 

groups. ............................................................................ 90 

 

 

 

 



 

 
v 

List of Figures  

Fig. No.     Title   Page No.  

1:  Anterior segment photo showing abnormal 

short conjunctival vascular segments ........................ 14 

2:  Anterior segment photo showing the comma 

shaped corkscrew conjunctival vessels. ..................... 15 

3:  Anterior segment photo showing hyphaema 

and lower nasal corkscrew conjunctival vessels ...... 16 

4:  Fundus photography showing vascular 

tortuosity .......................................................................... 17 

5:  Fundus photography showing a salmon patch 

hemorrhage ...................................................................... 18 

6:  Fundus photography showing an iridescent 

spot ..................................................................................... 19 

7:  Fundus photography showing a black sunburst ..... 19 

8:  Fundus photography showing sea fan 

neovascularization on the left and the same 

lesion is demonstrated by fundus fluorescin 

angiography (FFA) on the right .................................. 20 

9:  SD-OCT showing an area of focal temporal 

macular thinning and loss of definition of inner 

retina seen in a patient with HbSS (white 

arrows) .............................................................................. 23 

10:  The basic principle of TD-OCT .................................... 28 

11:  TD-OCT of a healthy retina ......................................... 28 

12:  The basic principle of SD-OCT .................................... 30 



 

 
vi 

List of Figures Cont... 

Fig. No.     Title   Page No.  

13:  SD-OCT of a healthy retina ......................................... 30 

14:  Showing the basic principle of SS-OCT ..................... 32 

15:  Showing the basic principles of SD-OCT and 

SS-OCT ............................................................................. 33 

16:  SS-OCT of a healthy retina .......................................... 33 

17:  The basic principle of OCTA ........................................ 35 

18:  Enface OCTA image of the inner retinal slab 

and the SCP ..................................................................... 40 

19:  Enface OCTA image of the middle retinal slab 

and the DCP .................................................................... 40 

20:  Enface OCTA image of the outer retinal slab .......... 41 

21:  Enface OCTA image of the choriocapillaris .............. 41 

22:  OCTA image showing a blinking artifact ................. 44 

23:  OCTA image of the outer retina showing 

projection of the superficial vessels (yellow 

arrows) onto the deeper layers .................................... 45 

24:  OCTA images showing motion artifacts (yellow 

arrows) and motion correction technology ................ 46 

25:  FFA images (above) showing better 

demonstration of microaneurysms compared to 

OCTA images (below) .................................................... 47 

26:  Enface OCTA images showing the different 

plexuses in a normal eye ............................................... 49 



 

 
vii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

27:  SD-OCT and OCTA images of the SCP and 

DCP of patients with SCD and of controls 

decreased capillary density (white arrows) 

corresponding to sites of retinal thinning on 

SD-OCT ............................................................................. 52 

28:  OCTA images of a healthy control (A and B) 

compared to those of a SCD patient (C and D) 

showing enlarged FAZ (white arrow) and 

decrease in capillary density (yellow arrow) ............ 53 

29:  OCTA images in sickle cell disease patients 

showing vascular loops (white arrow) in the 

image on the left and vascular disruptions 

(white arrow) in the image on the right .................... 53 

30:  RTVue XR OCT Avanti ................................................. 57 

31:  Macular scan using RTVue SD-OCT of the 

right eye of one of our patients. ................................... 59 

32:  Choroidal thickness using RTVue SD-OCT of 

the right eye of one of our patients. ............................ 60 

33:  Optic disc scan using RTVue SD-OCT of the 

right eye of one of our patients. ................................... 61 

34:  Vessel density of the SCP using RTVue OCTA. ...... 63 

35:  Vessel density of the DCP using RTVue OCTA. ..... 64 

36:  FAZ area using RTVue OCTA. .................................... 64 



 

 
viii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

37:  Optic nerve head vascular density using 

RTVue OCTA. .................................................................. 65 

38:  Coloured photograph of the left eye of one of 

our patients showing conjunctival comma sign. ...... 70 

39:  SD-OCT of the macula showing significant 

macular thinning in a case (above) as 

compared to a control (below). ..................................... 73 

40:  SD-OCT of the macula showing significant 

choroidal thinning in a case (above) as 

compared to a control (below). ..................................... 75 

41:  SD-OCT of the optic disc showing significant 

thinning in peripapillary RNFL in a case 

(above) as compared to a control (below). ................. 78 

42:  OCTA of the macula showing a decrease in the 

vessel density in the SCP and in a case (above) 

as compared to a control (below). White arrows 

show areas of decreased vessel density. .................... 81 

43:  OCTA of the macula showing a decrease in the 

vessel density in the DCP and in a case (above) 

as compared to a control (below). White arrows 

show areas of decreased vessel density. .................... 84 



 

 
ix 

List of Figures Cont... 

Fig. No.     Title   Page No.  

44:  OCTA showing a significantly larger FAZ area 

in a case (left) as compared to a control (right). ...... 86 

45:  OCTA of the optic disc showing a higher disc 

vessel density in a case (above) as compared to 

a control (below). ............................................................. 88 

 

   



 

 
x 

List of Graphs 

Graph No.     Title  Page No.  
 

1:  Column graph showing comparison between 

cases and control group regarding the retinal 

thickness. ........................................................................ 72 

2:  Column graph showing comparison between 

cases and control group regarding the mean 

choroidal thickness (µm). ............................................ 74 

3:  Column graph showing comparison between 

the cases and control groups regarding the 

mean SCP VD. ............................................................... 80 

4:  Column graph showing comparison between 

the cases and control groups regarding the 

mean DCP VD (%). ....................................................... 83 

5:  Column graph showing comparison between 

cases and control group regarding the mean 

FAZ area (mm²). ............................................................ 85 

6:  Column graph showing comparison between 

cases and control group regarding the mean 

optic disc density (%). .................................................. 87 

 



Introduction  

 1 

INTRODUCTION 

Sickle cell disease is an inherited autosomal recessive 

hematological disease caused by a single point mutation in the 

beta globin gene that results in the formation of abnormal 

hemoglobin (HbS). Patients may inherit two sickle genes 

resulting in HbSS genotype (sickle cell disease), or one sickle 

gene in combination with a beta globin gene variant resulting in 

HbSC (sickle cell trait) or HbSb thalassemia genotype (Fox et 

al., 1990). Under states of deoxygenation, this abnormal 

hemoglobin aggregates resulting in sickling of the erythrocytes 

in which they acquire a rigid elongated form that can disrupt 

the blood flow in small vessels and cause vascular occlusions 

(Ware et al., 2017). These vascular occlusions can occur 

anywhere in the body resulting in various systemic 

manifestations.  

Microvascular insults that occur in the eye result in 

sickle cell retinopathy. Vaso-occlusion of the retinal vessels 

leads to ischemia and may trigger the production of vascular 

endothelial growth factor (VEGF) resulting in pathologic 

neovascularization. This can cause vision loss due to vitreous 

hemorrhage, traction retinal detachment, retinal vascular 

occlusions or neovascular glaucoma.  

 

 


