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Abstract: Background: hydronephrosis is one of the most common complication of renal obstructive diseases, if left untreated,
it may cause severe complications which may lead to acute and chronic renal failure. Objectives: to assess and classify
hydronephrosis and determine the causes using ultrasound. Materials and methods: It is a prospective study, the study population
composed of 53 female and 47 male who were suspected with renal diseases and referred to the ultrasound department for
investigation. Data collection sheet was designed to include the demographic data such as age, gender, and clinical history. All
the patients had been examined with ultrasound using the abdomen and renal ultrasound imaging protocol with 3.5 MHz probe.
The renal system (kidneys, urinary bladder and prostate) had been scanned, longitudinal and transverse sections were performed
through the kidneys and prostate. Hydronephrosis and the underline causes were measured and reported. Statistical analysis was
performed using the standard Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 16 for windows.
Descriptive statistics was used to analyze the data. Results: According to sonographic appearance, hydronephrosis had been
classified into mild, moderate and severe hydronephrosis. Mild hydronephrosis is most common (53%), moderate (30%), severe
hydronephrosis (13%) and extreme hydronephrosis was 4%. There were various causes of hydronephrosis, ureteric stone 31%,
kidney stone 23%, pregnancy 12% and benign prostatic hypertrophy 11%. Most of the study population had history of renal
stones (63%) Conclusion: Ultrasound is the first line of investigation of the renal system. It is sensitive and accurate to assess and
classify the hydronephrosis and determine the main causes. Metabolic disorders (gout and diabetes) were the most risk factors of
renal obstructive diseases.
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bladder and bladder outlet obstruction [1]. The causes of
hydronephrosis are categorized based upon the location of
the hydronephrosis and whether the cause is intrinsic (located
within the urinary collecting system), extrinsic (outside of the
collecting system) or if it is due to an alteration in function
[3]. Causes of the hydronephrosis may be detected, such as
bladder or ureteral calculi, benign prostatic hypertrophy,
pelvic abscesses or tumors. Post-voiding examination may
demonstrate disappearance of urinary tract dilatation or
massive urine retention if the cause of hydronephrosis is at
the bladder outlet [1]. Depending on the level of the cause,
hydronephrosis may be unilateral involving one kidney or

1. Introduction

Hydronephrosis refers to dilatation of the renal collecting
system most frequently caused by incomplete or complete
obstruction. There are many causes of hydronephrosis
include congenital blockage(present at birth, scarring of
tissue(from injuries or previous surgery), tumors or cancer,
vesical mass, urinary tract infection(UTI) and benign
prostatic hypertension(BPH) and pregnancy[1,2].

Calculi are the most common cause in adults followed by
tumors of the kidney, ureter and bladder. Less common
causes are inflammatory ureteral strictures, neurogenic
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bilateral involving both. The increased pressure caused by
hydronephrosis potentially can compromise kidney function
if it is not relieved in a reasonable period of time. Patients
with hydronephrosis always complain from pain, gross or
microscopic hematuria, UTI , acute and chronic renal failure
[2,4].

The etiology and presentation of hydronephrosis and/or

hydroureter in adults differ from that in neonates and children.

Anatomic abnormalities (including wurethral valves or
stricture, and stenosis at the ureterovesical or ureteropelvic
junction) account for the majority of cases in children. In
comparison, calculi are most common in young adults, while
prostatic hypertrophy or carcinoma, retroperitoneal or pelvic
neoplasms, and calculi are the primary causes in older
patients [5, 6]. Hydronephrosis or hydroureter is a normal
finding in pregnant women. The renal pelvises and caliceal
systems may be dilated as a result of progesterone effects and
mechanical compression of the ureters at the pelvic brim.
Dilatation of the ureters and renal pelvis is more prominent
on the right side than the left side and is seen in up to 80% of
pregnant women [7].These changes are visible on ultrasound
examination by the second trimester, and they may not
resolve until 6-12 weeks post-partum.

Renal ultrasonography has become the standard imaging
modality in the investigation of kidneys because it offers
excellent anatomic details, requires no special preparation of
patients is readily available and does not expose the patient to
radiation or contrast agents. Conventional ultrasound plays a
great role in assessing the kidneys and very sensitive to
detect dilatation of pelvocalyceal system. It is used to
determine the site and size of the kidney and to detect focal
lesions like tumors, cysts and renal stones. Furthermore the
presence and urodynamic relevance of hydronephrosis can
reliably be found [4].In this study, ultrasound is used to
assess the hydronephrosis in patients with symptoms of renal
diseases and to identify the main causes.

2. Materials and Methods

This is a prospective study conducted in Khartoum state at
Khartoum North Teaching Hospital, Omdurman Military
Hospital, Khartoum Bahry Teaching Hospital and Alban
Gadeed Hospital at the period of February to July 2014. The
study population is patients attending for sonographic
examination for related and unrelated symptoms of renal
disease. The patients were informed consent they were
scanned by transabdominal ulrasonographic protocol. A
designed data collection sheet had been formed to include the
demographic data of the patients such as clinical history, age,
residence and symptoms.

2.1. Protocol of Renal Ultrasonography

Renal ultrasonography has become the standard imaging
modality in the investigation of kidneys. Renal size, location
and renal pelvocalyceal system can be imaged and assessed.
The ultrasonographic examination was performed with a real
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time system with 3.5 mhz, TA, convex transducer. The
ultrasound equipments which used were sonoscape C 352,
Mindary 4900, and SONOACE X4 with the recording system
by Sony ultrasound printer up-860.

Ultrasonographic scanning was done in room with dim
light to minimize the reflected artifact of the screen, the cases
were examined in supine position then applying coupling
agent to abdomen and begin evaluation with simple sweep of
transducer up and down and side to side across the abdomen
to see abdominal organs and kidneys and urinary bladder
before focusing on specific areas of interest. Longitudinal
and transverse sections had been performed through the
kidneys to get the renal pelvis and calyces. Hydroneohrosis is
easily detected when there was dilatation of the renal pelvis
and calyces. The renal system was imaged and evaluated as
follows:

(1) Number of kidneys.

(2) Size of kidneys.

(3) Pelvicalyceal system.

(4) Assessment of renal pelvis

(5) Assessment of vesico-ureteric junction (VUIJ).

(6) Screening for gross abnormalities.

(7) Finally determine causes of hydronephrosis if possible.

To ensure accuracy and generalizability, all patients were
scanned by the same protocol of ultrasound and with using
the same type of transducer.

2.2. Statistical Analysis

Data were analyzed and initially summarized as mean +
SD in a form of comparison tables. Statistical analysis was
performed using the standard Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, USA) version 16
for windows. Descriptive statistics were used to describe
variables; percent, proportion for qualitative variables. Mean,
Standard Deviation (SD) and range for quantitative variables.

3. Results

The population of this study composed of 53 female and 47
male who attend the department of ultrasound for scanning
(figure 1). The age divided into 3 groups as shown in table (1).
The classification of subjects according to history of chronic
medical condition was demonstrated in table (2). The
Classification of subjects according to renal symptoms as
general was shown in table (3) and the symptoms and signs
were explained in details in table (3). The history of renal
stone among the study population was shown in figure 2
which revealed that 63% had no history of renal stone. The
classification of subjects according to spectrum of
hydronephrosis had described in table (4) which revealed that
mild hydronephrosis was most common (63%). The presence
of hydroureter was shown in table (5) and location of
hydronephrosis was identified in figure 3. The classification
of subjects according to etiology of hydronephrosis had been
described in table (6) which revealed that ureteric stone is the
most common cause; represents 31%.
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Image (b) sonogram shows upper ureteric stone causing moderate
hydronephrosis and hydroureter

Image (c) sonogram shows severe hydronephrosis

Image (a) sonogram shows bilateral mild hydronephrosis, image taken with
Toshiba ultrasound equipment at Khartoum North Teaching Hospital. Image
(b) sonogram shows upper ureteric stone causing moderate hydronephrosis
and hydroureter, image taken with Sonyance4 ultrasound equipment at
Alzaiem  Alazhari  University. Image (c) sonogram shows severe
hydronephrosis, image taken with Mindray ultrasound equipment.

Table 1. Age groups distribution of the study population.

Figure 1. Shows the gender distribution of the study population (53 female

and 47 male).

Table 3. Classification of subjects according to renal features (symptoms,

signs and complications)

Age (years) Frequency Percent
<50 57 57%
51-70 19 19%
>70 24 24%
Total 100 100%

Table 2. Classification of subjects according to history of chronic medical
condition

Types of renal problems Frequency Percent %
Pain 26 32.50 %
UTI 12 15.00 %
Haematouria 10 12.50 %
U. Retention 7 8.75 %
Pain + hematuria 6 7.50 %
Renal colic 4 5.00 %
Increased Frequency 3 3.75 %
Colic pain 2 2.50 %
Others 10 12.50 %
Total 80 100%
BYes mNo

Figure 2. Shows the history of renal stone among the study population.

Table 4. Classification of subjects according to spectrum of hydronephrosis.

History Frequency Percent %
No history 38 38%

Gout 19 19%

DM 11 11%

HNT 10 10%

DM + HNT 8 8%

HNT + gout 7 7%

DM + gout 4 4%

Others 3 3%

Total 100 100%

Spectrum of hydronephrosis Frequency Percent %
Mild 53 53%
Moderate 30 30%
Severe 13 13%
Extreme 4 4%

Total 100 100%

Table 5. Classification of subjects according to presence of hydroureter.

DM: diabetes mellitus HNT: Hypertension

Presence of hydroureter Frequency Percent %
Yes 47 47%

No 53 53%

Total 100 100%
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Figure 3. Shows location of hydronephrosis.

Table 6. Classification of subjects according to causes of hydronephrosis.

Causes of hydronephrosis Frequency Percent %
Ureteric stone 31 31%
Kidney stone 23 23%
Pregnancy 12 12%

BPH 11 11%
Prostate Cancer 5 5%

Others 18 18%

Total 100 100%

4. Discussion

In this study, hydronephrosis had been detected with
ultrasound in patients who attended the department of
ultrasound with renal symptoms. The frequency of
hydronephrosis is more common in females than males (53%
in females), because the females less tolerance to renal
symptoms. In literature the lifetime incidence of renal stones
is high, seen in as many as 5% of women and 12% of males.
By far the most common type of stone is calcium oxalate;
however the exact distribution of stones depends on the
population and associated with metabolic abnormalities [8]. In
table (1) it was observed that hydronephrosis is common at the
age group under 50 years old and this is consistent with the
result concluded that most patients with urilithiasis tend to
present between 30-60 years of age [9]. It was shown that 38%
of the cases had no history of disease accompanying the renal
diseases. Gout represent 19%, diabetes represent 11% and
hypertension represent 10% as shown in table(2). There was
strong relation between gout and formation of renal stones.
Uric acid stones form significant percentage of renal stones.
There is global diversity in the prevalence of Uric acid (UA)
nephrolithiasis. UA represent 8-10% and its prevalence is
higher in patients with type 2 diabetes mellitus and those with
obesity [10].

The Classification of subjects according to renal symptoms
and signs had been demonstrated in table (4) which revealed
pain is the most common symptom(32.5%), hematuria
represent 12.5% and 15% infected with urinary tract
infection(UTI). These results were consistent with Tamm et al
who reported that although some renal stones remain
asymptomatic, most will result in pain. Small stones that arise
in the kidney are more likely to pass into the ureter where they
may result in renal colic. Hematuria, although common, may
be absent in approximatelyl5% of patients [9].So ultrasound
is frequently the first investigation of the renal tract, and
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although by no means as sensitive to identify calculi. Small
stones and those close to the corticomedullary junction can be
difficult to reliably detect. Nearly three-quarters of calculi not
visualised were 3mm or less in size. The sonographic features
of calculi include echogenic foci and acoustic shadowing [11].

It was noted that 63% of the population had no history of
renal calculus as shown in figure 2. The classification of
hydronephrosis had been assessed on the degree of dilatation
of pelvocaliceal system of the kidneys. It was observed that
mild hydronephrosis is more common(53%) than moderate
and severe hydronephrosis as shown in table(5). Mild
hydronephrosis is demonstrated as slight dilatation of the renal
pelvis and calyces with the pelvicalyceal pattern is retained
and no parenchymal atrophy [12]. The moderate
hydronephrosis represents 30 % of the cases. It is defined as
moderate dilataiton of the renal pelvis and calyces, blunting of
forncies and flattening of papillae with mild cortical thinning
may be seen [11]. Severe hydronephrosis is always associated
with compete obstruction of the urinary tract and appear on
ultrasound investigation as gross dilatation of the renal pelvis
and calyces, which appear ballooned loss of borders between
the renal pelvis and calyces with renal atrophy seen as cortical
thinning.

It was observed that hydroureter found in 47% of the cases,
this is due to lower ureteric obstruction. It was also found that
unilateral hydronephrosis(70%) is more common than
bilateral hydronephrosis (30%) as identified in figure 2. The
main causes of hydronephrosis were shown in table (7);
ureteric stone is the main cause, value is 31(31%). Kidney
stone is the second cause (23%), pregnancy is the second
cause in female and represent 12%, while benign prostatic
hypertrophy (BPH) was the second cause of hydronephrosis in
male (11%). The incidence of renal stones in adults has
increased significantly over time. The pathogenetic
mechanisms of kidney stone formation are complex and
involve both metabolic and environmental risk factors. In this
study, the frequency of renal obstructive diseases is common
in patients with gout and diabetes mellitus which both
represent 30% of the study population. In Sudan the hot
climate may be one of the contributed factors of stone
formation. Ultrasound is capable to detect stone measuring
2mm and very sensitive to assess dilatation of the renal pelvis
and ureter. The stones are diagnosed on ultrasound image with
acoustic sharp shadowing which they produce.

In this study, BPH is the second common cause of
hydronephrosis in male. Benign prostatic hypertrophy is due
to a combination of stromal hypertrophy and glandular
hyperplasia, predominantly of the central zone. The incidence
of BPH increases as age advances. By the age of 60, 50% of
men have BPH, and by 90 years of age the prevalence has
increased to 90%. As such it is often thought of essentially as a
'normal’ part of ageing [13]. Hydronephrosis and hydroureter
are most common complications of untreated BPH. Other
complications include: urine retention, UTI, bladder calculi,
bladder diverticula and recurrent gross hematuria [14].
Ultrasound is the best imaging modality to assess the size of
the prostate gland. The size is calculated using the formula;



International Journal of Medical Imaging 2015; 3(1): 1-5 5

(W x D x L)/2), W=width, D= depth and L is length. Typically
there is an increase in volume of the prostate if a calculated
volume exceeding 30 cc. The central gland is enlarged, and is
hypoechoic or of mixed echogenicity. Calcification can be
seen in the enlarged gland. The results of the study revealed
that pregnancy is the second common cause of hydronephrosis
in female and represent 12%. The occurrence of
hydronephrosis and hydroureters during pregnancy has been
termed physiological and it is seen in more than 80%. The
dilatation develops during the second trimester, and becomes
more prominent on the right side, is only seen above the linea
terminalis and disappears within a few weeks after birth.
Hydronephrosis during pregnancy develops as a result of
compression of the ureters between the pregnant uterus and
the linea terminalis. It has not been demonstrated that the
change in hormonal balance during pregnancy is of
importance [15].

5. Conclusion

Ultrasound plays a great role to classify hydronephrosis and
to determine the main causes. Ureteric and kidney stones were
the most common causes of hydronephrosis. Pregnancy and
benign prostatic hypertrophy were the second causes of
hydronephrosis in female and male respectively. Pain is the
most common symptom of renal obstructive diseases. The
obstructive renal diseases (renal stones) are most common in
patients with Gout and diabetes mellitus.
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