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Abstract

The aim of this study was to evaluate the impact of sickle cell disease (SCD)
on kidneys by using ultrasonography. The method adapted was an
experimental study among a sample consists of 115 SCD patients and 100 as
control group with different gender and age group were selected. The study
was carried out in west of Sudan where SCD has been an endemic disease
among the community, from the period of August 2014 to March 2017. Right
and left kidneys volume and echogenicity were assessed as well as right &
left renal arteries resistive and pulsatilty indices were measured.

The results analysis carried out by EXCELL software for the collected
variables which revealed that, the incidence of SCD among the selected
sample was (54.6%) for male and the female represents (45.4%) with mean
age of 10.5+4/years for SCD patients and 17+4.9/years for control group and
their body mass index (kg/m?) 16.8+3 & 23.2+5.5 for the patients and control
group respectively. The right and left kidney volumes (cm?®) were 59.41+2.21
and 98.38+21.38/ cm® as atrophied relative to control group.

The resistive and pulsatilty indices for the right and left renal arteries of
patients were (0.8+0.2/1.5+0.4) and (0.77£0.1/1.6£0.2) respectively, which
were greater than in control group (0.7£0.1 & 1.4+0.4) and (0.7£0.1 &
1.5+£0.5), and as well the SCD used to increase the echogenicity of the
Kidneys.

The study also revealed that; there is a direct proportional linear relationship
between RI and BMI for the right renal artery in patients and control group;
with prominent increment (0.011 kg/m?) for patient RI relative to control
group (0.004kg/m?). Similarly to Pl versus BMI, where it increased by a
factor of (0.053kg/m?) compared with control group (0.016kg/m?).

For the left renal artery; the RI has direct proportional linear relationship with
BMI, as it increases by a factor of (0.018/kg/m?) compared with the control

groups which were (0.004/kg/m?). Similarly the Pl has direct proportional
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relationship with BMI, where it increases by a factor of (0.050/kg/m?) relative
to control group which were (0.018/kg/m?).

Since the sickle cell disease has an impact in kidneys, the worth outcome of
this study proved that: Kidneys ultrasonography as kidneys volume,
echogenicity and renal artery Rls & PIs could be used successfully as early
sonographic predictors of kidneys changes for SCD and/or other diseases
which could have same or similar impact in the kidneys at early stage.

After successful finishing of this study we recommend for further studies in
the same region, encouraging the population for marriage from non relative
ones, establishing more specialized centers with modern equipments and

community education about the morbidities of the sickle cell disease.



ol

g gaall (568 Ol gl aladinly JSI e dbaiall USAY (ial el 55l 4l 4 all 28 Caags
de ganaS 100 5 Aalaiall LA (i e 115 e 48586 Ane LS &3 A ot Aul 3 A
DAy s gl e B Aulall oy al My e Ciliday Gauiall (e dpma e
g pand &1 2017 poote ) 2014 Gabane ] (e 33 3 aainall G Alaiall GIAY (i je
obd oo b (e saall saall Sy SN aaa bl A5 puall (558 e sally oS L)
OISl o I L pEL ol g A glial) (5 yi5e

«(745.4) clSs CY) W (54.67) & HsSA 3 G el Dlal) daws « b WS gl el
A el de geadll Glgin /4.9 + 17 5 (D5t / 4 £ 10.5) oasall 2l senll Jas s
dgma el de sanally (o jall %0 /38 (5.5 £ 23.2) 5% /6S (16.8 £ 3) pmal) K i3
P aw /2138 £98.38 5221 £ 59.41 sl el JS alaaf colS gl e
s Sle i sl

(0.8£0.2 o msall (B Sl (5 IS 5l (8 il 5 A slall (g i ga il CilS Lia
L jie amall & ST L4y (Il e (02 £ 1.6/ 0.1 +0.77) s/ 15 + 0.4)
Ljlie el g SN A saiall 3S Bl ) Al all @edal Lial dra el de ganally
Apma el de senally

e (6 ISH Gl i) Aa gl pipe (B _pilae dpaa Adad A83le @lia () Ll Al all b
aall (P o/ 238 0.011) e 8345 e duma sall de sanall 5 (oo jall (8wl A J5i50
sl Jdse ae e 330N Jame S LS (2 5 / 528 0.004) T all de ganalls 45 lia
ABle elllia Layl (% o/ 43S 0.016) Apma sl Ao sanlly 43 e oum el 25/ 23S 0.053
10.018) Jabay 3 4l Cm connl) AVS 50 ga ¥ (5 5ISH (o 20 A glaall 5 5l AL
a3e g8 Jidls (P a/ &8/ 0.004) amas 25 Al das all de ganall pa dijlia (P o/ paS
dawilly %o/aS (0.050 ) Jalar 3oy Cas cansall LS yiige ae b il dpp 48dle 4l (il
ZelES(0.018) Jnay 35 <ilS (1 Lna sl e panal) a4l (oum 5l

Gl sally S il 520 i) Al all o8 il Gl eyl 3 iy sl aall i ol Lag g
DSae dise 5S4l e I LAl il g A gl (5 s il Al (358
DAl s Al Al g ) f Aplaiall UDIAN (i e Lgiaay Al ol pusdll e VAl malig

B_Saall dal jall 3 SN e

@;&3} dalaiall Lyt @ Slal Al (e 2 el e ol (o Al Hall sda (e C\A.u ey amy
ALaYL Al Glaeally 35 50 Lawadd JST S) e eli) s o BY) e ezl 550 sl

Alaiall LAY (a se lislina y 3 shad U qainall e 53 o

Vi



Lists of contents

The content Page
> S i
Dedication I
Acknowledgement ii
Abstract 1\
ualdigll Vi
Lists of contents vii
List of Figures IX
List of tables Xi
Abbreviations Xii
Chapter one: introduction
(1.1) Introduction 1
(1.2) Problem of the study 2
(1.3) Obijective of the study 3
(1.4) Significance of the study 3
(1.5) Overview of the study 3
Chapter two: literature review

(2.1) Anatomy of the kidney 4
(2.1.1) | External Anatomy of the Kidneys 5
(2.1.2) | Internal Anatomy of the Kidneys 7
(2.1.3) | Blood and Nerve Supply of the Kidneys 9
(2.2) Physiology of the kidney 11
(2.3) Pathology of the kidney 16
(2.3.1) | Congenital cystic kidneys 16
(2.3.2) | Other congenital renal defects 18
(2.3.3) | Urinary tract infection and pyelonephritis 19
(2.3.4) | Glomerulonephritis 21
(2.3.5) | Vascular disease of the kidney 21
(2.3.6) | Renal changes in hypertension 22
(2.3.7) | Urinary tract obstruction 23
(2.3.8) | Hydronephrosis 24
(2.3.9) | Renal calculi 26
(2.3.10) | Renal failure 26

Vii




(2.3.11) | Tumors of the kidney 27
(2.3.12) | Sickle cell disease of kidneys 30
(2.4) Ultrasound imaging 32
(2.4.1) | Ultrasound physics 32
(2.4.2) | Ultrasound technique 37
(2.5) Previous studies 39
Chapter three: Materials and methods
(3.1) Materials 52
(3.1.1) | Patients 52
(3.1.2) | Machines 52
(3.2) Methods 53
(3.2.1) | Technique 53
(3.2.2) | Image presentation 54
(3.2.3) | Statistic studies 54
(3.2.4) | Ethical consideration 55
Chapter four: Results
Results 56
Chapter five discussion, conclusion and recommendations
(5.1) Discussion 63
(5.2) Conclusion 66
(5.3) Recommendations 67
References 68

Appendices

viii




List of Figures

Figure Title Page

(2.1) Position and coverings of the kidneys. 4

(2.2) Organs of the urinary system in a female 5

(2.3) Internal anatomy of the kidneys 6

(2.4) Position and coverings of the kidneys. (Parasagittal section | 7
through right kidney)

(2.5) Position and coverings of the Kkidneys. (Anterior view | 8
dissection of right kidney).

(2.6) Blood supply of the kidney. 9

(2.7) The structure of nephrons and associated blood vessels. 11

(2.8) Regulation of aldosterone secretion by the rennin-| 12
angiotensin-aldosterone (RAA) pathway.

(2.9) The roles of calcitonin (green arrows), parathyroid hormone 13
(blue arrows), and calcitriol in calcium homeostasis.

(2.10) | Formation and destruction of red blood cells, and the | 14
recycling of hemoglobin components.

(2.11) | Simple renal cyst 18

(2.12a) | Mild hydronephrosis 25

(2.12b) | Moderate hydronephrosis 25

(2.13a) | Chronic renal failure 27

(2.13b) | Acute renal failure 27

(2.14) | Angiomylipoma. 28

(2.15) | Renal cell carcinoma. 29

(2.16) | Ultrasound beam shape and electronic focusing 34

(2.17) | A-mode and B-mode scans, illustrated for the maxillary | 37
sinus. a A-mode signal. b echoes (bone), El = entry echo
(bony ridge or polyp), M1 = mucosa, M2 = thickened
mucosa, F = fluid, EE = exit echo

(2.18) |Shows an enlarged right kidney with hyperechogenic | 45
medulla in an 11-year-old boy with SCD

(2.19) | Shows diffuse increase in renal echotexture similar to that of | 46
the adjacent liver, in a 38-year-old female patient with SCD

(2.20) | Shows triangular fluid-filled cavities within renal papillae that
communicate with collecting system in an 18-year-old male | 46
patient with SCD; renal pelvis is not dilated

(2.21) | Urogram of the patient described in (Figure 18) showing
corresponding changes in the upper pole calyces compatible | 46

with papillary necrosis




(3.1) | Accuvixxg-Avxgl30-samsung-Korea 53

(3.2) | Mindary DC-N6-China 53

(4.1) | Gender frequency of SCD patients 56

(4.2) | Scatter plot shows the correlation of age in years with Rt & Lt | 58
kidney volume among patient with SCD.

(4.3) | Shows the blood flow indices variation among SCD patient and | 58
control group

(4.4) | Scatter plot shows the correlation of age in years with Rt renal | 59
Artery Rl among patient and control group.

(4.5) | Scatter plot shows the correlation of age in years with Rt renal | 59
Artery Pl among patient and control group.

(4.6) | Scatter plot shows the correlation of age in years with Lt renal | 60
Artery Rl among patient and control group.

(4.7) | Scatter plot shows the correlation of age in years versus Lt 60
renal Artery Pl among patient and control group.

(4.8) | Scatter plot shows the correlation of BMI in Kg/m2 with Rt | 61
renal Artery Rl among patient and control group.

(4.9) | Scatter plot shows the correlation of BMI in Kg/m2 with Rt | 61
renal Artery Pl among patient and control group

(4.10) | Scatter plot shows the correlation of BMI in Kg/m2 with Lt | 62
renal Artery Rl among patient and control group.

(4. 11) | Scatter plot shows the correlation of BMI in Kg/m2 with Lt | 62

renal Artery Pl among patient and control group.




List of tables

Table | Title Page

(2.1) | Reference values for resolution and penetration depth as a 34
function of frequency

(2.2) Assessment of kidney size in patients and controls 40

(2.3) | Right renal dimensions in sample group of patients examined 41
prospectively

(2.4) | Left renal dimensions in sample group of patients examined 41
prospectively

(2.5) | Renal Measurements at Sonography in 665 Volunteers 42

(2.6) | Descriptive Statistics Mean Standard deviation of Kidneys 42
volume, and length for the total sample

(2.7) | Renal dimension in males and females 43

(2.8) | Mean Value of Kidney Length and VVolume According to 44
Position

(2.9) | Renal measurements in 225 volunteers with normal eGFR. 44
Mean (with 95% confidence intervals)

(2.10) | Sonographic findings 47

(2.11) | Statistical correlation between serum creatinine and mean
longitudinal size, mean parenchymal thickness, and mean | 48
cortical thickness

(4.1) Mean and Standard deviation of Age, and BMI for SCD 56
patients and control group

(4.2) | Mean and Standard deviation of Kidneys volume, and length 57
for SCD patients & control group

(4.3) | Mean and Standard deviation of Rl & PI for Rt & Lt renal 57
arteries for SCD patients & control group

(4. 4) | Frequency of echogenicity of kidneys in patients with SCD 57

Xi




Abbreviations

ADPKD | Autosomal dominant polycystic kidney disease
AP Antero-posterior

ARPKD | Autosomal recessive polycystic kidney disease
BBS Bardet Biedl syndromes

BMI Body mass index

CKD Chronic Kidney Disease

Cont Control

DCT Distal convoluted tubule

Glu6Vval | Glutamic acid to valine

Hb S Haemoglobin S

HbSS Haemoglobin SS

HgbS Sickle-cell haemoglobin

HgbSC Haemoglobin C with sickling
HPLC High-performance liquid chromatography
IEF Isoelectric focusing

Lt Left

Lt K vol Left kidney volume

Lt RA Pl | Lightrenal artery Pulsatilty index
Lt RARI | Light renal artery resistive index
Pat Patient

PCT Proximal convoluted tubule

pH Potential of hydrogen

Pl Pulsatilty index

PWV Pulse wave velocity

RI Resistive index

Rt Right

Rt Kvol | Right kidney volume

Rt RA Pl | Right renal artery Pulsatilty index
Rt RA RI | Right renal artery resistive index
SCD Sickle cell disease

STDEV Standard deviation

SLE Systemic lupus erythomatosus
U/S Ultrasound

xii




