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Abstract

This study had been done in the Renal Dialysis Center in Sudanese
kidney Transplanted Association (Association Specialized Hospital) in
Khartoum state in the period from September 2016 to January 2017.
The main goal of this study was to charecterize the spleen of long
standing hemodialysis patients by using ultrasound apparatus, with a probe
of 3.5 MHz frequency.
The study was done on 100 cases under regular hemodialysis for 3
years or more. The study showed that there was an increasing in spleen
volume comparing with normal range, and also there was an increasing in
length, width and thickness comparing with normal range.
The measurement of the splenic parameters (length, thickness and
volume) reported that they were increasing when age increased. Also it was
showed that when the all measurements of spleen increased, its
echogenecity decreasing and echotexture changing from homogenecity to
heterogenecity.
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1. Introduction
1.1 Background
Chronic kidney disease (CKD) is a progressive loss in renal function
over a period of months or years. The symptoms arenon-specific, and
might include feeling generally unwelland weight loss with poor appétit.
Chronic kidney disease is identified by blood test for creatinine. Higher
levels of creatinine indicate a lower glomerular filtration rate and as a result
a decreased capability of the kidney toexcrete waste products. The most
causes of chronic kidney disease in sudan are hypertension, diabetes,
chronic glomerulonephritis and urinary calculi.(1),(2)
There is no specific treatment unequivocally shown to slow the
worsening of chronic kidney disease. If there is an underlying cause to
CKD, such as vasculities, this may be treated directly to slow the damage.
In more advanced stages, treatments may be required for anemia and bone
disease. Severe CKD requires renal replacement therapy, which may
involve a form of dialysis, but ideally constitutes kidney. There are many
complications of hemodialysis like anemia which affect the spleen,
neuropathy, blood coagulopathy and amyloidosis. In stage 5 CKD, renal
replacement therapy is usually required, in the form of either dialysis or
transplant. While renal replacement therapies can maintain patients
indefinitely and prolong life, the quality of life is severely affected.(3)
Medical

sonography

(ultrasonography)

is

an

ultrasound-based

diagnostic medical imaging technique used to visualize muscles, tendons,
and many internal organs, to capture their size, structure and any
pathological lesions with real time tomographic images. US has been used
by radiologists and sonographers to image the human body for at least 50
years and has become a widely used diagnostic tool. The technology is
relatively inexpensive and portable, especially when compared with other
techniques, such as magnetic resonance imaging (MRI) and computed
1

tomography (CT). Ultrasound is also used to visualize fetuses during
routine and emergency prenatal care. Such diagnostic applications used
during pregnancy are referred to as obstetric sonography. As currently
applied in the medical field, properly performed ultrasound posses no
known risks to the patient. Sonography does not use ionizing radiation, and
the power levels used for imaging are too low to cause adverse heating or
pressure effects in tissue. Although the long term effects due to ultrasound
exposure at diagnostic intensity are still unknown, currently most doctors
feel that the benefits to patients outweigh the risks. US is very good
diagnostic tool in evaluation of normal and abnormal tissue structure
especially in spleen, liver and other organs.(8)
1.2 Statement of the Problem:
According to the latest WHO data published in May 2004 kidney
disease deaths in Sudan reached 1.64% of total death. The hemodialysis
nowadays is becoming light guide in the darkness of end stage renal
disease (ESRD) to whom cannot undergo renal transplantation. This study
tries to show the effect of long term hemodailysis on spleen by using
ultrasound.
1.3 Objectives:
1.3.1 General objective:
To characterize the spleen in long term hemodialysis patients using
ultrasound.
1.3.2 Specific Objectives:
 To measure the size of spleen.
 To determine the echogenicity and homogenicity of the spleen of these
patients.
 To detect any splenic echotexture change eg: infarctions or micro
calcifications.
 To evaluate other associated abnormalities.
2

Chapter Two
Literature Review and Previous Studies
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2. Literature review
2.1 Anatomy of the spleen:
Spleen is a lymphatic organ connected to blood vascular system. It acts
as a filter for blood and plays an important role in the immune responses of
the body.(4)
2.1.1 Spleen shape:
Spleen is a wedge-shaped organ lying mainly in the left
hypochondrium, and partly in the epigastrium. It is wedged between the
fundus of the stomach and the diaphragm. Sometime the spleen is
tetrahedral in shape.(4)
2.1.2 Spleen location:
It lies obliquely in the posterior part of the left hypochondrium,
between the fundus of the stomach and the diaphragm. The spleen contacts
with adrenal gland, upper pole of the left kidney, the tail of the pancreas
and lower part of the left lung, left pleura and ninth, tenth and eleventh ribs
of the left side posterior.(5)

Fig (2.1): Shows the location of spleen(23)
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2.1.3 Spleen weight:
The spleen is soft, highly vascular and dark purple in colour. The size
and weight of the spleen are markedly variable. On an average the spleen is
1 inches or 2.5cm thick, 3 inches or 7.5 cm broad, 5 inches or 12-15cm
long, 7ounces in weight, and related to 9th to 10th ribs. Normally, the
spleen is not palpable.(4)
2.1.4 Surface anatomy:
It lies opposite the ribs 9-10-11. with its long axis parallel to the 10th
rib. Making an angle of 45 with horizontal. Its posteriomedial end lies 11/2 inches from the 10th thoracic spine. Its anteriolateral end reaches the
left mid axillary line.(5)
2.1.5 Shape and feature:
It is shaped as cupped hand, having 2 ends: medial posterior and lateral
anterior; 2 borders: upper and lower; 2 surfaces: diaphragmatic and
visceral. The medial posterior end is rounded, it is directed upwardbackwards and medially lying 1-1/2 inches from the median plane. The
lateral anterior end is expanded resemble a border, it is directed downward
and forwards, reaching the left mid axillary line. It rests on phrenicocolic
ligament. The upper border is sharp and notched near its anterior end and
terminates laterally by an angle. The lower border is thick rounded and
smooth. The diaphragmatic surface is convex, smooth and related to
diaphragm. The visceral surface concave, irregular and related to
abdominal viscera; which has a hilum in its center through which splenic
vessels enter and exities.(5) Fig(2.2)
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Fig (2.2): Showing visceral surface (A) and Diaphragmatic surface
(B)(22)
2.1.6 Relations of the spleen:
Medially: the left kidney. Posteriorly: the left diaphragm, separating it
from the pleura, left lung and 9th, 10th, 11th ribs. Anteriorly: the stomach.
Inferiorly: the splenic flexure of colon.(7)
2.1.7 Blood supply of the spleen & venous drainage:
The splenic artery supplies blood to the spleen. This artery is the largest
branches of celiac trunk, which is a turotuous, large artery runs at the
superior border of the pancreas and reaches the splenic hilum by passing
through the splenorenal ligament. It divided into multiple branches at the
hilum. Then into straight vessels called pencilillin ellipsoid. The splenic
circulation is adapted for the separation and storage of the red blood cells.
The spleen has superior and inferior vascular sigments based on the blood
supply. The two sigments are separated by a vascular plane. The splenic
artery also gives off branches to the pancrease 5-7 short gastric branches
and the left gastro-omental artery. The splenic vein provides the principle
venous drainage of the spleen, which joins with SMV behind the neck of
the pancreas to form the PV.(15) Fig(2.3)
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Fig (2.3): Showing celiac trunk and blood supply of spleen(21)
2.1.8 Innervations and lymphatic drainage:
The spleen is innervated by sympathetic fibers which are derived from
the celiac plexus. Proper splenic tissue has no lymphatic drainage–
however, some arise from capsule and trabeculae and drain into the
pancreatico-splenic lymph node.(15)
2.1.9 Structure of the spleen:
The spleen is made up of the supporting tissue; white pulp; red pulp.
The supporting tissue is fibroelastic and forms the capsule, coarse
tarbeculae, and a fine reticulum. The white pulp consists of lymphatic
nodules, which are arranged around an eccentric arteriole called the
Malpighian corpuscle. The lymphatic white pulp – some times called
splenic lymphoid nodules or Malpighian bodies – is one of the two types of
splenic tissue filtering the blood as it passes within the splenic red pulp.
The white pulp is the lymphatic portion of the spleen, performing immune
function.(15)
T cell and B lymphocytes, along with other lymphocytes, populate the
white pulp, which concentrate around the arterioles within the spleen
forming periarterial lymphatic sheaths. Additionally, the white pulp serves
6

as a B cell reservoir, with a surplus of B lymphocytes waiting to enact an
immune response.(14)
The red pulp is formed by a collection of cells in the interstices of the
reticulum, in between the sinusoids. The cell population includes all types
of lymphocytes, blood cells, and fixed and free macrophages. The
lymphocytes are freely transformed into plasma cells, which can produce
large amount of antibodies and immunoglobulins.(15)
The hematogenous red pulp is one of the two types of tissue within the
spleen making up the splenic pulp. The splenic tissue of the red pulp is
characterized by sinus cavities awash in blood and filled with macrophages
that cleanse the blood from pathogens, especially bacteria, and dead red
blood cells (erythrocytes). For this reason, most of the immune system
working of the spleen occurs within the red pulp.(15)
This red pulp made up of splenic cords (also called the cords of
Billroth), containing the sheets of connective tissue that separate the
splenic sinuses (sinusoids which are specialized blood vessels) through
which the blood flows. Thin cell walls allow the blood to flow relatively
freely either within the splenic sinuses or out into the space between the
cord. While the red and white pulp are intermixed throughout the spleen,
the red pulp tends to be found further away from the arterioles that flow
through the organ and makes up about three-quarters or more of the entire
splenic pulp. The large supply of blood within the red pulp of the spleen
allows it to serve as a reservoir for additional blood supplies when the body
is in need.(15)
2.2. Development:
The spleen develops in the cephalic part of dorsal mesogastrium from its
left layer during the sixth week of intrauterine life into number of nodules
that fuse and form a lobulated spleen. Notching of the superior border of
the adult spleen is evident of its multiple origins.(6)
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2.2.1 Anatomic variations:
Accessory spleenrefer to one or more small foci of splenic tissue in the
presence of an otherwise normal sized spleen. Polysplenia is a condition in
which multiple spleens are present. As with the accessory spleen, these
splenunculi are functional. A second form of ectopic splenic tissue results
from the regeneration of splenic fragment implanted at suitably supportive
sites for growth, usually following traumatic rupture of the organ, but also,
less commonly, following splenic surgery.(11)
2.3. Normal ultrasound appearance:
The spleen has a uniform homogeneous echo pattern, is slightly less
echogenic than the Liver. There are no absolute criteria for the size of the
spleen on ultrasound. When the spleen is normal, is little larger than or
about the same size as the left kidney. The length should not exceed 14 cm
in its major axis. The volume and weight depend on the circulating blood
volume. It calculated by the equation (volume = length x width x thickness
x 0.523) and the normal volume is, (124.1± 51.8cm). And the weight is
calculated by the equation (length x width x thickness x 0.43gm) its normal
weight range between 80 and 300 gm. The splenic length was measured
along the long axis, from the dome to the tip of the spleen, in sagittal plane.
The width is the longest (straight) organ diameter in the transverse plane.
The thickness was the distance between the center (inner) and peripheral
(outer) surface, measures at the level of the splenic hilum on the transverse
plane.(8)

Fig (2.4): US image, transabdominal plane shows the Long axis of spleen with Lt Kidney.(8)
8

2.4 Physiology of spleen:
The spleen is the largest mass of lymphloid tissue in the body and it is a
part of reticuloendothelial system. It is not a vital organ and there is no
obvious effect in the body if the spleen is removed. The spleen has much
function such as; major destruction site of old, abnormal red blood cells.
Also its most important function is phagocytosis. The splenic phagocytes
include reticular cells, free macrophages of the red pulp, and modified
reticular cells of ellipsoids. Phagocytes in the spleen remove debris, old
(RBCs), other blood cells and microorganisms. It act as storge site of red
blood cells, iron and white blood cells.(9)
The spleen is an important haematopoietic organ during fetal life. Also
in the adult spleen, hematopoiesis can restart in certain diseases such as
chronic myeloid leukemia and myeloscerosis. It produces red blood cells in
the fetal life from the fourth month of development until brith. Act as are
reservoir for RBcs and platelets and release them into circulation to replace
lost blood during a traumatic injury.The spleen plays a key role in the
human immune system by production of antibodies. Also produce large
amount of B an T lymphocyte cell in the white plup. The spleen is
responsible of recycle of iron and protein from digested old red blood cells;
filtering foreign materials, antibodes from the blood.(14)
2.5. Pathology of spleen:

2.5.1 Splenomegaly:
Enlargement of the spleen termed splenomegaly, occurs in a wide
variety of disorders which increase the cellularity and vascularity of the
organ. Many of the causes are exaggerated form of splenic function.
Splenic enlargement may occure as result of one of the following
pathophysiologic mechanisms.(11)
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2.5.1.1 Infection & vasculitides:
Acute infectious mononucleosis, viral hepatitis cytomegalovirus
infection, septicemia (including tuberculosis), salmonelloses, relapsing
fever, tularemia, splenic abscess, toxoplasmosis, subacute and chronic
septicemia, tuberculous splenomegaly, leprosy, yersinia, subacute bacterial
endocarditis, bruecellosis, syphilis, malaria, leishmaniasis, schistosomiasis,
systemic fungal disease, inflammatory pseudotumor.(11)
2.5.1.2 Immune proliferations and noninfectious granulomatous
disorders:
Which are angioimmunoplastic, lymphadenopathy, angiofollicularm,
hyperplasia, systemic lupus erythematosus; rheumatoid arthritis; stills
disease; rheumatic fever, Behcets syndrome;

sarcoidosis; berylliosis;

necrotizing splenic granulomas.(11)
2.5.1.3 Congestive splenomegaly:
Caused by portal cirrhosis, postnecrotic scarring, biliary cirrhosis,
Wilsons disease, hemochromatosis, veno-occlusive disease, congenital
fibrosis bilharziasis, portal vein obstruction thrombosis, stenosis, atresia,
cavernous malformation, arteriovenous aneurysm, obstructive lesion at
portahepatis.

Splenic

vein

obstruction,

thrombosis,

angiomatous

malformation, obstruction by pancreatic disease, splenic arterial aneurysm
and retroperitoneal fibrosis. Hepatic vein occlusion.Budd- Chiari
syndrome, cardiac, acute, chronic or recurrent congestive cardiac failure,
constrictive pericarditis (Bants syndrome).(11)
2.5.1.4 Hematological disorders:
Have many causes, hemolytic disorders, hereditary red blood cell
membrane disorders, thalassemia, sickle-thalassemia, sickle cell disease
(early stages); hemoglobindiseases; myeloproliferative disorders; primary
(agnogenic myeloid metaplasi); polycythemia vera ( variable ) ; essential
thrombocythemia (variable); miscellaneous; primary splenic hyperplasia,
megaloblasticanemias, iron deficiency.(11)
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2.5.1.5 Miscellaneous:
Which includes: storage disease, Gaucher,s disease, Neimann-Pick
disease,ceroidhistiocytosis, Otangier disease, Hurier,s syndrome, Hunter,s
syndrome. Cysts, Pseudocyst, epidermoid (epithelial) cyst, echinococcal
(hydatid) cyst. Others amyloidosis, Alber-Schonberg disease, hereditary
hemorrhagic telangiectasia, hyperthyroidism.(11)
2.5.2 Splenic rupture:
The most common cause of splenic rupture or laceration is blunt trauma,
The trauma may be direct or indirect. Non –traumatic or spontaneous
rupture occur in an enlarged spleen but almost never in a normal spleen. In
acute infections, the spleen can enlarge rapidly to 2 to 3 times its normal
size causing acute splenic enlargement termed acute splenic tumour eg: in
pneumonias, septicaemia, acute endocarditis

etc. Some of the other

common causes of spontaneous splenic rupture are splenomegaly due
to

chronic

malaria, infectious mononucleosis, typhoid fever, splenic

abscess,thalassaemia and leukaemia. Rupture of

spleen

is an

of spleen is an acute surgical emergency due to rapid blood
haeoperitoneum.

Some times fragments of splenic

acute

loss and

tissue are

autotransplanted within the peritoneal cavity and grow into tiny spleens
there (splenosis).(12)
2.5.3 Splenic infract:
Are common lesions caused by occlusion of the major splenic
artery or any of its branches. Are caused either by septic emboli or
thromboses in patient with bacterial endocarditis. The infract may by
small or large, multiple or single and sometimes involve the entire organ.(4)
2.5.4 Neoplasms of spleen:
The tumours may be divided into two groups benign and malignant.
With benign tumours, splenomegaly is the first indication of an
abnormality. Most of these tumours appear isoechoic compared with
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normal splenic parenchyma. Benign tumours include; hamartoma,
cavernous hemangioma, and cystic lymphangioma.(12)
2.5.4.1 Malignant neoplasms:
Includes hemangiosarcoma which is a rare malignant neoplasm arising
from the vascular endothelium of spleen. Malignant tumors of the spleen
are also uncommon. Primary tumours found in the spleen may be
lymphoma, Hodgkin tumour or hemoangiosarcoma. Metastases are the
result of a hematogenous spread from another primary site. The spleen is
the tenth most common site of metastases, which may originate from the
breast, lung, ovary, stomach, colon, kidney, or prostate or from
melanoma.(12)
2.6 Renal failure:
Renal failure is a medical condition in which the kidney fail to
adequately filter waste products from the body. The two main forms are
acute renal failure, which is often reversible with adequate treatment, and
chronic renal failure which is often not reversible. The renal failure is
mainly determined by a decrease in glomerular filtration rate. This is
detected by a decrease or absence of urine production, or determination of
waste product (creatinine- urea) in the blood.(9)
2.6.1 Type of renal failure:
The types of renal failure are differentiated by the elevated the serum
creatinine; other factors that may help differentiate the acute from the
chronic are included anemia and the kidney size on sonography, as chronic
kidney disease generally leads to anemia and small kidney size.(13)
2.6.1.1 Acute renal failure:
Acute renal failure (ARF) is a syndrome characterized by rapid onset of
renal dysfunction, generally characterized by oliguria, or anuria, and
sudden increase in metabolic waste products (urea and creatinine) in the
blood with consequent development of uraemia. Acute renal failure result
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from a variety of causes which classified as pre-renal, intrinsic and post
renal in nature.(10)
2.6.1.2 Chronic renal failure:
Chronic renal failure (CRF) is a syndrome characterized by progressive
and irreversible deterioration of renal function due to slow destruction of
renal parenchyma, eventually terminating in death when sufficient numbers
of nephrons have been damage. Acidosis is the major problem in (CRF)
with development of biochemical azotaemia and clinical uraemia
syndrome.(10)
2.6.2 Treatment of renal failure:
Severe loss of kidney function, either acutely or chronically, is a threat
to life or requires removal of toxic waste products and restoration of body
fluid volume and composition towards normal. This can be accomplished
by dialysis with an artificial kidney. In certain types of acute renal failure,
an artificial kidney may be used to tide the patient over until the kidneys
resume their function. If the loss of kidney function is irreversible, it is
necessary to perform dialysis chronically to maintain life. Because dialysis
cannot maintain completely normal body fluid composition and cannot
replace all the multiple functions performed by the kidneys, the health of
patients maintained on artificial kidneys usually remains significantly
impaired. A better treatment for permanent loss of kidney function is to
restore functional kidney tissue by means of a kidney transplant.(9)
2.6.2.1 Renal transplantation:
A renal transplant is a surgical procedure to place a kidney from a live
or deceased donor into a person whose kidneys no longer function
properly.(9)
2.6.2.2 Hemodialysis:
A medical procedure to remove fluid and waste products from the
blood and to correct electrolyte imbalances. This is accomplished using a
machine and a dialyzer, also referred to as an "artificial kidney." It is also
13

used to treat both acute (temporary) and chronic (permanent) kidney
failure. Is the most common method used to treat advanced and permanent
kidney failure. Since the 1960s, when hemodialysis first became a practical
treatment for kidney failure,

and

more effective with minimize side

effects. In recent years, more compact and simpler dialysis machines have
made home dialysis increasingly attractive. But even with better procedures
and equipment, hemodialysis is still a complicated and inconvenient
therapy that requires a coordinated effort from the patient and the whole
health care team, including the nephrologists, dialysis nurse, technician,
dietitian and social worker. The most important members of the health care
team is the patient and his family. By learning about the treatment, the
patient can work with his health care team to give himself the best possible
results, and he can lead a full, active life.(9)
Healthy kidneys clean the blood by removing excess fluid, minerals,
and wastes. They also make hormones that keep the bones strong and the
blood healthy. When the kidneys fail, harmful wastes build up in the body,
the blood pressure may rise, and the body may retain excess fluid and not
make enough red blood cells. When this happens, the patient needs
treatment to replace the work of the failed kidneys. In hemodialysis, the
blood is allowed to flow, a few ounces at a time, through a special filter
that removes wastes and extra fluids. The clean blood is then returned to
the patient body. Removing the harmful wastes and extra salt and fluids
helps control the blood pressure and keep the proper balance of chemicals
like potassium and sodium in the body. One of the biggest adjustments the
patient who starts hemodialysis treatments should follows a strict schedule.
Most patients go to a clinic—a dialysis center—three times a week for 3 to
5 or more hours each visit. For example, it may be on a MondayWednesday-Friday schedule or a Tuesday-Thursday-Saturday schedule.
The patient may be asked to choose a morning, afternoon, or evening shift,
depending on availability and capacity at the dialysis unit. The dialysis
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center will explain to the patient the options for scheduling regular
treatments.(9)
Newer dialysis machines make these alternatives more practical with
home dialysis. Several centers around the country teach people how to
perform their own hemodialysis treatments at home. A family member or
friend who will be the patient helper must also take the training, which
usually takes at least 4 to 6 weeks. Home dialysis gives the patient more
flexibility in his/her dialysis schedule. With home hemodialysis, the time
for each session and the number of sessions per week may vary, but the
patient must maintain a regular schedule by giving himself dialysis
treatments as often as he/she would receive them in a dialysis unit.(9)

Fig (2.5): Schematic diagram showing hemodialysis circuits(9)

2.7 Spleen measurement in long term hemodialysis:
The weight of normal adult human spleen post mortem varies
considerably by average about 100g. Spleen weight is less in female and
older people. The measurement for splenic volume is significantly greater
in patients undergoing hemodialysis than in patients with renal failure
treatment in other method. By comparing patient with ureamia who had not
15

received dialysis or those treated by continuous peritoneal dialysis and the
patient in long term dialysis it was found that splenomegaly is
characteristic only of the patients undergoing hemodialysis and these due to
the process of hemodialysis itself. The spleen may enlarge as a result of
removal of erythrocytes damage mechanically in hemodialysis circuit or
chemically by chloramines, bacterial toxins or other contaminants in the
dialysate.(20)
2.8 Previous studies:
In study done by M MPlatts, E Anastassiades, S Sheriff, et al, in
patients receiving regular hemodialysis, splenic volume was assessed in 34
controls and 149 patients with chronic renal failure. Of the patients, 16 had
never received dialysis, 10 were undergoing continuous peritoneal dialysis,
94 were undergoing regular hemodialysis, and 29 had undergone successful
renal transplantation more than nine months previously. Mean splenic
volume was increased only in the patients who were receiving
hemodialysis. Splenic enlargement was probably not due to iron overload
as it occurred in all patients who had received hemodialysis, 14 of whom
had not received intravenous iron. No patient had hepatitis. Splenic
enlargement was probably related to the process of hemodialysis itself and
may be due to either red cell damage produced by hemodialysis or to an
immunological reaction induced by component of hemodialysis, possibly
ethylene oxide.(17)
In a study done by loftus, et al of normal spleen ultrasound-based
measurements in 200 Nigerian adults at the University of Benin Teaching
Hospital Benin, Nigeria. They studied 91 males and 109 females; their age
ranged between 20 and 60 years. This study has shown the following mean
dimensions of splenic sizes, for the males; the mean splenic length, width,
depth, and volume were 11.1 cm (±0.9 SD), 4.4 cm (±0.5 SD), 7.8 cm
(±0.6 SD), and 202.7 cm3 (±49.4 SD), respectively, and for the females the
corresponding values of splenic length, width, depth and volume were 10.1
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cm (±0.7 SD), 4.0 cm (±0.4 SD), 7.1 cm (±0.5 SD) and 153.7 cm3 (±33.2
SD), respectively. In another study done in Chinese population suggested
an upper limit of normal length of 12 cm. Some textbooks of ultrasound
and other studies suggested an average splenic length of 12 cm, average
width of 5 cm, and average depth (antero-posterior dimension) of 7 cm.
These observations suggested that there was no significant racial bias of
spleen size as compared with Caucasians.(18)
This is similar to results obtained in other studies done by Mustapha, et
al, also in study done by Okoye, et al, in an adult African population found
the mean spleen volumes that were smaller than data from Western sources
and this could not be attributed to difference in body habitus.(19) Spielman
et al also found a good correlation between subjects height and spleen
length, in their study population which consisted of tall healthy athletes
(r=0.4 for males and 0.3 for females). Splenic volumetric index has also
been determined using ultrasound scanning by Pietri et al.
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3. Materials and Methods
3.1 Design of the study:
This was a descriptive cross sectional study where the data collected
prospectively.
3.2 Study area:
The study conducted at Sudanese kidney transplanted association
(Association specialized hospital) in Khartoum state.
3.3 Study duration:
From September 2016 to January 2017.
3.4 Populations:
Hundred patients on hemodialysis for more than 3 years came to
hospital for hemodialysis and ultrasound examination for check up were
included in the study, their inclusion and exclusion criteria as follows:
3.4.1 Inclusion criteria:
Patients came to hospital for hemodialysis and ultrasound examination
for checkup, with fifteen years old or more and on hemodialysis for three
years or more.
3.4.2 Exclusion criteria:
Patient less than fifteen years old. Patienton hemodialysis for less than
three years.
3.5 Study variable:
Spleen: length; width; thickness; echogenicity; homogenicity; volume
and duration of dialysis
3.6 Sampling:
3.6.1 Sample type:
Patients were randm selected.
3.6.2 Sample size:
The study was conducted on 100 patients on hemodialysis.
18

3.7 Method of data acquisition (Technique):
The patient should be supine initially and later on the right side.
Apply coupling agent liberally over the left lower chest, the upper abdomen
and left Flank. The patient should take a deep breath and hold it in when a
specific area is being scanned. Start by placing the transducer centrally at
the top of the abdomen (the xiphoid angle), scan with the patient in supine
and oblique position. Multiple scan may be necessary. Scan from below the
costal margin, angling the beam toward the diaphragm. Then in the ninth
intercostals space downward. Repeat through all lower intercostals spaces.
First with the patient supine and then with the patient lying obliquely (30 o)
on the Right side.

Also perform longitudinal scan from anterior to

posterior axillary line and transverse upper abdominal scan.
3.7.1 Ultrasound Machine:
A highly designated ultrasound machine was used (Mindary 3300 v
100-240) with a convex probe (3.5) MHz frequency.
3.8 Data analysis:
Descriptive statistics was used to describe the study variables, using the
Statistical Package software for Social Science (SPSS) version 20 to
analyze these variables.
3.9 Data management:
For data presentation table and figures has been used.
3.10Ethical consideration:
Ethical clearance had obtained from the authorities of the faculty of
graduate studies, and scientific researches, The National Ribat University
No individual patient details mentioned throughout this study.
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4. The Result

Table (4.1): Frequency distribution of age in hemodialysis patients
(years)

Frequency

Percent

Valid

Cumulative

Percent

Percent

15-30

25

25.0

25.0

25.0

31-45

30

30.0

30.0

55.0

46-60

32

32.0

32.0

87.0

61-75

13

13.0

13.0

100.0

Total

100

100.0

100.0

Minimum = 18, maximum = 70,mean= 43.81,std.Deviation=14.28

Fig (4.1): Shows frequency distribution of age group
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Table (4.2): Frequency distribution of gender
Gender

Frequency

Percent

Valid

Cumulativ

Percent

e Percent

Male

58

58.0

58.0

58.0

Female

42

42.0

42.0

100.0

Total

100

100.0

100.0

Fig (4.2): Shows frequency distribution of gender

.
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Table (4.3): Duration of dialysis
Duration of dialysis

Frequency

Percent

Valid Percent

Cumulative
Percent

3

25

25.0

25.0

25.0

4

21

21.0

21.0

46.0

5

21

21.0

21.0

67.0

6

10

10.0

10.0

77.0

7

7

7.0

7.0

84.0

8

4

4.0

4.0

88.0

9

4

4.0

4.0

92.0

10

6

6.0

6.0

98.0

13

2

2.0

2.0

100.0

Total

100

100.0

100.0

Minimum = 3, maximum = 13,mean= 5.27,std.Deviation=2.31

Fig (4.3): Shows frequency distribution of dialysis duration
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Table (4.4): Minimum, maximum and mean for spleen length, width and
thickness:

Measurement

N

Minimum

Maximum

Mean

Std.
Deviation

Length

100

6.97

17.00

11.7726

2.04965

Width

100

5.01

15.20

8.9825

2.16541

Thickness

100

4.00

8.87

6.0096

1.10571

Volume

100

103.19

972.17

353.952

175.346

Valid N (listwise)

100

Table (4.5): The echogenicity of spleen:

Echogenecity

Frequency

Percent

Valid

Cumulative

Percent

Percent

Isoechoic

60

60.0

60.0

60.0

Hyperechoic

12

12.0

12.0

72.0

Hypoechoic

28

28.0

28.0

100.0

Total

100

100.0

100.0
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Fig (4.4): Shows spleen echogenicity
Table (4.6): The echotexture of spleen:
Echotexture

Frequency

Percent
68.0

Valid
Percent
68.0

Cumulative
Percent
68.0

Homogeneous

68

Heterogeneous

32

32.0

32.0

100.0

Total

100

100.0

100.0
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Fig (4.5): Shows echotexture of spleen
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Fig (4.6): Scatter plot shows the relationship between age of patient under
dialysis and volume of spleen
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Fig (4.7): Scatter plot shows the relationship between duration of
Dialysis and volume of spleen (volume increased by 56.6ml)
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Fig (4.8): Scatter plot shows the relationship between duration of
dialysis and length of spleen (splenic length increase by 0.663cm).
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y = 0.5001x + 6.3469
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Fig (4.9): Scatter plot show the relationship between duration of
dialysis and width of spleen (splenic width increase by 0.5cm).
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Fig (4.10): Scatter plot shows relationship between duration of
Dialysis and thickness of spleen (splenic thickness increase by 0.249cm).
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Fig (4.11): scatter plot show the relationship between lengths and
volume of spleen in dialytic patient
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Fig (4.12): Scatter plot show the relationship between thickness and
volume of spleen in dialytic patient.
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Fig (4.13): Scatter plot show relationship between width and
volume of spleen in dialytic patient

Table (4.7): Crosstabulation between duration of dialysis and echogeneicity of
spleen
Duration(years
)
Isoechoic

3
4
5
6
7
8
9
10
13
Total

16
16
17
5
3
2
0
1
0
60

Echogenicity
Hyperechoic Hypoechoic

7
1
2
0
0
1
0
1
0
12

29

2
4
2
5
4
1
4
4
2
28

Total

25
21
21
10
7
4
4
6
2
100

Table (4.8): Crosstabulation between duration of dialysis and echotexture of
spleen
Duration

Homogenicity
Homogenous
Heterogeneous

3
4
5
6
7
8
9
10
13

16
18
15
4
4
1
1
3
1
63

Total

Total

9
3
6
6
3
3
3
3
1
37

25
21
21
10
7
4
4
6
2
100

Table (4.9): descriptive statistic for normal adult Sudanese age, splenic
measurement and volume
Variables
Age
Length
Width
Thickness
Splenic volume
Valid N
(listwise)

N
24
24
24
24
24
24

Minimum

Maximum

18
6.30
5.00
2.20
52.60

70
11.80
11.40
5.50
260.31

.

30

Mean
40.29
9.0000
7.7250
3.3542
122.952

Std.
Deviation
13.967
1.56483
1.68813
.84749
50.02152
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5. Discussion
This study has been conducted in Sudanese Kidney Transplanted
Association (Association Specialized Hospital) in Khartoum state. A total
of 100 patients on hemodialysis for 3 years or more.
According to the age of the total number of subject who underwent the
study they divided into 4 groups, 25 (25%) of them had age ranged
between (15-30) years, 30 (30%) of them had age ranged between (31-45)
years, 32 (32%) of them had age ranged between (46-60) years, 13 (13%)
of them had age ranged between (61-75) years. The minimum age was (18)
and the maximum (70) years with the mean of (43.81) years and SD
(±14.28). Out of the total number of patients 58 (58%) were males, and the
rest 42 (42%) were female.
Regarding the frequency of dialysis 67 (67%) of the patient had
duration of the dialysis between (3-5) years, follows by 21 (21%) with
duration between (6-8) years and 12 (12%) with duration between (9-13)
years. The minimum duration was 3 years and the maximum 13 years with
the mean of (5.27) years and SD (±2.31).
The minimum length of the spleen was (6.97) cm and maximum (17.00)
cm with the mean of (11.7726) cm and SD (±2.04965). The minimum
width was (5.01) cm, and the maximum (15.20) cm with the mean of
(8.9825) cm and SD of (±2.16541). The minimum thickness was (4.00) cm
and maximum (8.87) cm with the mean of (6.0096)cm and SD (±1.10571).
The minimum volume was (103.19) cm3 and maximum (972.17) cm3 with
the mean of (353.952) cm3 and SD (±175.346).

These measurement are

more than in control group whom had minimum length of the spleen was
(6.3) cm and maximum (11.80) cm with the mean of (9.00) cm and SD
(±1.56483). The minimum width was (5.00) cm, and the maximum (11.40)
cm with the mean of (7.725) cm and SD of (±1.6881). The minimum
thickness was (2.20) cm and maximum (5.50 ) cm with the mean of
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(3.3542) cm and SD (±0.84749). The minimum Volume was (52.60) cm3
and maximum (26.31) cm3

with the mean of (122.952) cm3 and SD

(±50.02152).
Considering the echogenicity of spleen out of the total number of
subjects underwent the study, their US revealed that in 60 (60%) of them
their spleen were isoechoic, in 12 (12%) hyperechoic and in 28 (28%) were
hypoechoic.
In 68(68%) of patients the echotexture of their spleen was
homogeneous and 32 (32%) was heterogeneous.
When comparing the volume of spleen with the age of patient in
dialysis, it was found that the spleen volume increased by 5.476 mls for
each year of age, and with the duration of dialysis, it was found that the
splenic volume increased by 56.6mls for each year of dialysis.
When comparing the length of spleen with the duration of dialysis, it
was found that the length of the spleen increased by 0.663 cm for each
year of dialysis.
Also when comparing the width of spleen with the duration of dialysis,
it was found that the splenic width increased by 0.5 cm for each year of
dialysis.
The thickness of spleen when comparing with the duration of dialysis,
it was found that the splenic thickness increased by 0.249 cm for each
year of dialysis.
The length of spleen when related to the splenic volume in dialytic
patient, it was found that the volume increased by 74mls for each
increasing cm in the length.
When comparing the splenic thickness with the splenic volume in
dialysis patient, it was found that the volume increased by 66.84 mls for
each increasing cm in thickness.
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When comparing the splenic width with splenic volume in dialytic
patient, it was found that the volume increased by 125 mls for each
increasing cm in splenic width.
Considering the relationship between duration of dialysis and
echogenicity of spleen, it was found that in 49 (49%) of patients, who
experienced dialysis for (3-5) years their spleen were isoechoic, 10 (10%)
hyperechoic and 8 (8%) hypoechoic, in 10 (10%) of patients, who
experienced dialysis for (6-8) years their spleen were isoechoic, 1 (1%)
hyperechoic and 10 (10%) hypoechoic, in 1(1%) of patients, who
experienced dialysis for (9-13) years their spleen were isoechoic, 1 (1%)
hyperechoic and 10 (10%) hypoechoic.
When comparing the duration of dialysis with echotexture of spleen, it
was found that in 49 (49%) of patients, who experienced dialysis for (35) years, their spleen were homogeneous in texture and in 18 (18%) were
heterogeneous, in 5 (5%) of patients, who experienced dialysis for (6-8)
years their spleen were homogeneous and 12 (12%) were heterogeneous,
in 5 (5%) of patients who experienced dialysis for (9-13) their spleen
were homogeneous and 7 (7 %) were heterogeneous.
The present study showed that the spleen volume, length, width, and
thickness were increasing when the duration of hemodialysis increased
and the age of patient increased, this finding is similar to that study done
by M MPlatts et al, which stated that the mean splenic volume was
increased in the patient who were receiving hemodialysis. Splenic
enlargement was probably not due to iron over load as it occurred in all
patient who had received hemodialysis.
The homogenicity changed to hetrogenicity when there is increasing
in length, thickness, width and volume which is similar to the study done
by M MPlatts et al,

showed that the

hemodialysis decreases

echogenicity of spleen depending on the duration of dialysis.
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the

This study stated that the mean & SD of age of participants were
43.81 years ( 14.28SD), the mean splenic length, width, thickness and
volume were 11.77cm (

2.04SD). 8.98cm (

2.16SD), 6.009cm

( 1.10SD), 353.9cm ( 175.34SD) respectively, which were increasing,
this similar to study done in Nigerian adults where their age ranged
between 20 and 60 years. This study has shown the following mean
dimensions of splenic sizes, for the males; the mean splenic length, width,
depth, and volume were 11.1 cm (±0.9 SD), 4.4 cm (±0.5 SD), 7.8 cm
(±0.6 SD), and 202.7 cm3 (±49.4 SD), respectively, and for the females
the corresponding values of splenic length, width, depth and volume were
10.1 cm (±0.7 SD), 4.0 cm (±0.4 SD), 7.1 cm (±0.5 SD) and 153.7 cm3
(±33.2 SD) respectively.
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6.1 Conclusions:
This study was done for 100 patients on hemodialysis for 3 years or more to
evaluate the spleen volume, length, width, thickness and even echogenicity and
heterogenicity.
The result of the study concluded that there was an increasing in spleen
length, width and thickness comparing with normal range and therefore the
volume of spleen increased comparing with normal range.
The measurement of the spleen (length-thickness-width-volume) were
increasing when the age of patient and duration of dialysis was increased.
Further the echogenicity of spleen decreased when there was an increasing in
all measurements of spleen, the hemogenicity was decreased and changed to
heterogenicity when there was an increasing in all measurements of spleen.
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6.2 Recommendations:

1- Further study in evaluation of characterization of spleen in long standing
hemodialytic patients with large sample of Sudanese population for more
accurate results is needed.
2- Ultrasound department should be found in any renal center.
3- Further study should be done on effect of hemodialysis on bone using
CT or MRI and X ray.
4- Further research should be run to study the changes that may occur due
to hemodialysis in other organs in the body.
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The National Ribat University
Faculty of Graduate Studies & Scientific Research
Afro- Asian Center
MSc Diagnostic Ultrasound
Data Collection
Characterization of the Spleen
Index No:

Date

Background Information
1. Gender :
Male:

Female:

2. Age (years):
Less than 20

21-30

41-50

51-60

61-75

3. Duration of dialysis (years):
Less then 3

3–5

6–8

9 – 9-13

More than 13

Sonographic image of the Spleen(cm)
1/ Spleen length

Spleen width

Spleen thickness

Spleen volume = spleen length × spleen width × spleen thickness ×0.523
2/ Echo texture : (A) Homogenous

(B) Heterogeneous

3/ Echogenecity:
(A) Hypoechoic

(B) Isoechoic

(C) Hypeoechoic

4/ Comment: ………………………………………………………………..
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Image (1): US images of a patient with dialysis for 3 years show isoechoic
splenic texture

Image (2): US images of a patient with dialysis for 4 years show homogenous
splenic texture
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Image (3): US images of a patient with dialysis for 6 years show
hyperechoicsplenic texture

Image (4): US images of a patient with dialysis for 5 years show isoechoic
splenic texture
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Image (5): US images of a patient with dialysis for 8 years show heterogeneous
splenic texture

Image (6): US images of a patient with dialysis for 10 years show hypoechoic
splenic texture
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Image (7): US images of a patient with dialysis for 7 years show heterogeneous
splenic texture

Image (8): US images of a patient with dialysis for 3 years show isoechoic
splenic texture
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Image (9): US images of a patient with dialysis for 4 years show homogeneous
splenic texture

Image (10): US images of a patient with dialysis for 4 years show hyperechoic
splenic texture
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Image (11):USimages of apatient with dialysis for 3 years show
isoechoicsplenic texture

Image(12): US images of a patient with dialysis for 5 years show
hyperechoic splenic texture
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Image (13): US images of a patient with dialysis for 10 years show
hypoechoic splenic texture

Image (14): US images of a patient with dialysis for 4 years show
homogenous splenic texture
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Image (15): US images of a patient with dialysis for 8 years
show hetreogenous splenic texture
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