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USG Changes in Different Kidney
Diseases of Children
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Abstract

Background: The kidney disease is one of the major causes of morbidity and mortality in paediatric age group around the
world and its laboratory evaluation cost is also very high. Objective: This study was aim to determine ultrasonographic
(USG) changes of kidney in any renal diseases in children and to correlate between USG findings with the clinical features
as well as with biochemical parameter (serum creatinine). Methods: A total 200 cases irrespective of sex and age ranging
from birth to 12 years were enrolled in this study which was done in tertiary care hospital from July 2003 to June 2004,
100 of wtich were clinically presented with kidney diseases and 100 were non renal cases as control. Clinical parameters
were noted as per pre-prepared questionnaire of the studied group who fulfilled the inclusion criteria. All the studied
populations were undergone of USG of KUB regions by expert radiology and imaging specialist in a modem suitable
machine and biochemical parameters specially serum creatinine level were done in all the cases for correlation. Results:
Among 100 renal cases, acute glomerulonephritis and nephrotic syndrome were most frequently presenting renal diseases
followed by chronic renal failure, hydronephrosis, pyelonephritis, renal stone, nephroblastoma and polycystic kidney
diseases less than 12 years of age. In renal cases 64 (64%) were USG positive (p value <0.001). The various USG changes
of kidney diseases were the highest of abnormal echo-structure (96.8%) and second highest were enlarged kidney
(81.25%). Poor or loss of corticomedullary differentiation were 43.75% and 21.8% cases showed dilated pelvi-calyces and
ureter. Atrophied kidney was 12.5% and only 6.25% cases showed bladder abnormality. Total 35 (35%) renal cases
showed high serum creatinine level among those 28 (80%) were USG positive and 7 (20%) were USG negative (p
value<0.001). Conclusion: USG can be used as an important diagnostic tool to evaluate the kidney diseases in children.
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The sensitivity of USG changes of renal cases was 64% and specificity was 97%.
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Introduction

The kidney disease is one of the major health problems
throughout the world causing significant morbidity and
mortality in paediatric age group. Early diagnosis and
treatment are predominant factor which determine its
outcome'?. Different categories of diseases are found in
different age groups®. Ultrasonography (USG) is an
accepted primary imaging modality for evaluating
paediatric urinary tract diseases*. It is the first imaging
technique to be employed in patient presented with renal
colic, suspected renal mass, haematuria, renal failure,
recurrent urinary tract infection, trauma to the kidney,
polycystic kidney diseases, non-functioning kidney,
pyelonephritis and renal tuberculosis?.

It also considered as first choice of imaging for diagnosis
urinary tract disease in new bornS. The method of USG
examination is portable, non invasive and inexpensive’. So
it can be done easily. Its specificity and sensitivity are

about 90% for hydronephrosis, 98% for pelvicalycal
dilation and 70% for VUR (Vesico Ureteric Reflux) 10,

The mortality rate of bacteraemia and septic shock due to
pyonephrosis is 25% and 50% respectively!!. Fifteen
percent of patient of pyonephrosis will be asymptomatic at
presentation’?. USG help in early diagnosis of
pyonephrosis which showed mobile collecting debris with
or with out a fluid-debris level in a dilated collecting
system of the kidney!’. It also helps to diagnose an
asymptomatic CRF and 85% CRF patients had hyper-
echoic thin cortex!*!>. Renal tuberculosis is rare in children
because the incubation period of tubercle bacilli is several
years's. In 51% patient of Nephrotic syndrome showed
kidney changes of sonogram in the form of nephromegally
42% and increased renal echogenicity 35%!7. The degree
of increased echogenicity of renal cortex is directly related
with the severity of renal diseases'®. USG examination
delineated renal swelling as well as parenchyma changes
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consistent with acute pyelonephritis and marked enlargement
of kidney with defused hyper-echogenicity in the cortex
suggesting the tubule-interstitial nephritis (TIN)!*20. It is an
excellent diagnostic tool in the investigations of the mass
suspected in renal origin, urinary tract obstruction, renal
and perirenal infection and nephroblastoma in infant and
children?!.

The objectives of this study was to determine USG
changes in any renal diseases in children and to correlate
between the clinical features with USG findings and to
compare between the USG findings with serum creatinine
level.

Methodology

A analytical cross-sectional study was carried out in the
department of paediatric in Sir Salimullah Medical College
& Mitford Hospital from July 2003 to June 2004. A total
200 cases of age group ranging from birth (0 day) to 12
years were enrolled in this study of which 100 were
clinically presented with kidney diseases and 100 were non
renal cases. Detailed history taking was taken and physical
examination were according to preplanned
questionnaires. All the cases were recorded in a check list
form with personal information. Critically ill patient were
excluded from this study. The clinical features were
recorded in questionnaire included puffy face, generalized
swelling, oliguria, macroscopic haematuria, dysuria,
abdominal pain, abdominal mass, anaemia, hypertension,
history of kidney disease of other sibs and bed side urine
test. The common investigations such as urine R/E, UTP,
serum creatinine, serum total protein and serum albumin
were done by skilled biochemist and pathologist with the
help of modern instrument, analyzer and medical kits. The
USG examination were done by a postgraduate radiologist
and imaging specialist. A two dimensional (B-mode)
ultrasound machine were used. The scanning were done by
5.0 MHz transducer & a coupling agent were used for
scanning to prevent air trapped between the skin and
transducer. During scanning, size of the kidney was
measured correctly then it plotted over the normal size
chart of this particular age group to evaluate the size.
Corticomedullary differentiations were assessed and
echogenicity of the cortex were measured and compared
with the echogenicity of liver and renal pyramid. Normally,
the cortex is less echogenic than the liver but more
echogenic than the adjacent renal pyramids & subsequently
any abnormality or dilatation of the pelvi-calyceal system
and ureters were searched and finally condition of the
urinary bladder was assessed. All the data were entered
carefully in the computer and statistical analysis was done
with the help of SPPS version 17.

done

Result

Among 100 clinically presented with renal diseases,
minimum age of the patient was 1 month and maximum 12
years. Acute glomerulonephritis and nephrotic syndrome
were most frequently presenting renal disease followed by
chronic renal failure, hydronephrosis, pyelonephritis, renal
stone, nephroblastoma and polycystic kidney diseases
under 12 years of age. Eighty two percent renal diseases
were present in between the age of 3-12 years and 18%
were under the age of 3 years (Table 1).

Table 1: Distribution of children by age and renal
diseases (n-100)

Name of 0-<3yrs 3-<6yrs 6-12yrs Total (n)
the
disease
AGN 3 15 24 42
NS 10 17 09 36
CRF 01 03 03 07
HN 02 03 02 07
PN 0 01 02 03
RS 0 0 02 02
NB 01 01 0 02
PCKD 01 0 0 01
Total 18 40 42 100
~ Percentage 18% 40% 42% 100%

Note: AGN = Acute Glomerulonephritis; NS=Nephrotic Syndrome,
CRF=Chronic Renal Failure, HN=Hydronephrosis, PN=Pyelonephritis,
RS=Renal Stone; NB=Nephroblastoma, PCKD=Polycystic Kidney Diseases.

Total 200 studied patients, among which 100 were
clinically presented renal and 100 were non-renal cases
and ultrasonogram of KUB region were done among all the
studied population. It revealed in renal cases USG positive
were 64% and non renal cases USG positive were only
03%. Out of 100 renal case, 64 (64%) were USG positive
and 36 (36%) were USG negative. So, in renal cases, USG
positivity is highly significant (p value <0.001) than the
non-renal cases. The sensitivity of USG changes of renal
cases was 64% and specificity was 97% (Table 2).

Table 2: Number and percentage of renal and non-renal
cases by ultrasonographic status.

USG findings Number renal Number non-
cases renal cases
- USG positive 64(64%) 03 (03%)
~ USG negative 36 (36%) 97 (97%)

Chi square at df. 1 at 0.001 levels is 10.83 and P value <0.001

Out of 100 clinically presented renal cases 64 cases were
showed abnormal USG finding. The USG changes were
enlarged or atrophied kidney, poor or loss of
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differentiation, abnormal echo-structure, dilatation of
pelvi-calyces and ureters, and urinary bladder abnormality.
Among the various changes maximum kidney showed
abnormal echo-structure (96.8%). The second highest were
enlarged kidney (81.25%), poor or loss of cortico-
medullary differentiation were 43.75% and 21.8% cases
showed dilated pelvi-calyces and ureter. Atrophied kidney
was 12.5% and only 6.25% cases showed bladder
abnormality (Table 3). USG positive findings were found
in chronic renal failure, hydronephrosis, renal stone,
Table 3: Distribution of children by USG changes in
various Kidney diseases (n-64)

Name No of cases

ofthe  Abnormal Enlarged  Poor/loss of Dilatation of Atrophid Abnormal
disease  echo- kidney cortico- thepelvi ~ kidney ityinin

structure medullary  calyces and bladder
differentiation  ureters. wall

AGN 30 29 07 01 0 0

NS 12 10 03 01 01 0
CRF 07 0 07 02 07 1
HN 06 07 05 07 0 02
PN 03 03 02 01 0 0

RS 01 0 01 02 0 1

NB 02 02 02 0 0 0
PCKD 01 01 01 0 0 0
Total 62(96.8%) 52(81.25%) 28(43.75%)  14(21.8%) 08(12.5%) 04(6.25%)

Note: AGN = Acute Glomerulonephritis; NS=Nephrotic Syndrome,
CRF=Chronic Renal Failure, HN=Hydronephrosis, PN=Pyelonephritis,
RS=Renal Stone; NB=Nephroblastoma, PCKD=Polycystic Kidney Diseases.

nephroblastoma and polycystic kidney diseases in cent
percent cases. Renal diseases were present clinically as
puffy face, generalized oedema, macroscopic hematuria,
oliguria, hypertension (HTN) and positive heat coagulation
at bed side. Acute glomerulonephritis, nephrotic syndrome

and chronic renal failure were present multiple clinical
parameters but hydronephrosis, pyelonephritis, renal stone,
nephroblastoma and polycystic kidney diseases were
present single clinical parameter. Positive USG findings
were found frequently of all the clinical parameter in
different kidney diseases (Table 4).

Most common laboratory finding is routine urine
examination which showed abnormal findings in different
kidney diseases among the studied group. Nephrotic range
of protienuria, hypoprotienemia and hypoalbuminemia
were found in nephrotic syndrome and chronic renal
failure. Total 35 (35%) renal cases were showed high
serum creatinine level among these 28 (80%) were USG
positive and 7 (20%) were USG negative. This indicated
that high serum creatinine level in kidney diseases were
associated with USG changes of kidney which was highly
significant (p value<0.001) (Table 5).

Acute glomerulonephritis, nephrotic syndrome and chronic
renal failure were about fifteen days, seventeen days and
twenty days at hospital respectively who were positive
findings in sonogram but without sonographic findings
their hospital stay were less. It revealed that the mean
duration of USG positive stayed more days in hospital than
USG negative case in maximum renal diseases (Table 6).
The outcomes were divided into 3 types such as improved,
discharged on risk bond (DORB) and death. In USG
negative patient 88.8% were improved where as USG
positive patient 68.7% were improved. DORB in USG
negative cases were 11.11%, USG positive case 25%.

Table 4 : Distribution of children with different kidney diseases by USG findings and clinical presentation

Diseases Puffy face Generalized Macroscopic Oliguria HTN Positive heat
Oedema hematuria coagulation
AGN USG (+) 31 15 21 31 23 30
USG (-) 11 02 05 11 05 10
NS USG () 13 13 01 10 01 13
USG (-) 23 21 0 11 0 23
CRF USG (+) 05 03 01 01 06 02
USG (-) 0 0 0 0 0 0
HN USG (+) 21 0 0 0 0 0
USG (-) 05 0 0 0 0 0
PN USG (+) 01 0 0 0 0 0
USG (-) 01 0 0 0 0 0
RS USG (+) 0 0 01 0 0 0
USG (-) 0 0 0 0 0 0
NB USG (+) 0 0 0 0 01 0
USG (-) 0 0 0 0 0 0
PCKD USG (+) 0 0 0 0 01 0
USG (-) 0 0 0 0 0 0

Note: AGN = Acute Glomerulonephritis; NS=Nephrotic Syndrome, CRF=Chronic Renal Failure, HN=Hydronephrosis, PN=Pyelonephritis,
RS=Renal Stone; NB=Nephroblastoma, PCKD=Polycystic Kidney Diseases.
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Table S : Correlation between Renal function (Serum
creatinine) and USG finding.

Creatinine level USG Positive USG Negative
No. (%) No. (%)
High serum
28 (809 209
creatinine (n-35) 8 (80%) 7(20%)
N |
e, 36(55%) 20(45%)

creatinine (n-65)

Table value of chi square at df. 1 at 0.001 level, P value <0.001

Death in USG negative cases 0%, but in USG positive case
were 4.6%. This indicated that the outcome of USG negative
cases were better than USG positive case (Table 7).

Discussion

Among 100 hospitalized patients clinically presented with
renal diseases were evaluated to find out the USG changes
in different kidney diseases of children. In present study
total 200 cases were selected. Out of 200 cases, 100

Table 6 : Mean duration of hospital stay (days) by
positive and negative USG findings in different types of
kidney diseases of children

Name of the USG positive USG negative
diseases (Days)

AGN 15.19 13.0

NS 17.46 16.0
CRF 20.0 0

HN 7.42 0

PN 8.0 12

RS 6.0 0

NB 24.0 0
PCKD 3.0 0

Note: AGN = Acute Glomerulonephritis; NS=Nephrotic Syndrome, CRF=Chronic Renal Failure, HN=Hydronephrosis,
PN=Pyelonephritis, RS=Renal Stone; NB=Nephroblastoma, PCKD=Polycystic Kidney Diseases.

patients were clinically presented with renal diseases as

case and other 100 cases were non-renal as control. Among
them 42 (42%) cases were AGN, 36 (36%) cases of NS, 07
(7%) cases CRF, 07 (7%) cases were HN, 03 (3%) cases
PN, 02 (2%) cases RS, 02 (2%) cases NB and 01 (2%)
cases were PCKD. AGN and NS were the most common
renal diseases in paediatric age group?. Incidence of AGN
in 5 years to 12 years and Nephrotic syndrome was 2 years
to 6 years was very high and <3 years AGN was
uncommon?. In the present study it was found that high
incidence of AGN in 6 to 12 years and NS within first 6
years of life and AGN was uncommon in <3 years of age.
A study in USA showed that 85% of clinically presented
renal disease was USG positive?* and another study at
Taiwan showed 79.4% USG changes of renal cases®.
Present series, we found USG changes in 64% renal cases
and in control group it was found in only 3% population.
USG finding of individual renal cases were found as
follows AGN 73.8%, in NS 36. 1%, in CRF 100%, in HN
100% and in PN 33.3%.

The present study showed positive correlation between
positive USG finding and presence of important clinical
feature like generalized oedema, macroscopic haematuria
and hypertension. A study at Paediatric Nephrology
Department in University Medal Centre, Slovenia,
observed a positive correlation between positive USG
finding and clinical features?®. In the present study different
types of USG changes were found in renal cases such as
enlarged kidney in 81.25%, reduced size of the kidney in
12.5%, poor or loss of cortico-medullary differentiation in
43.75%, abnormal echo-structure (Hyper or hypechoic)
96.8%, dilatation of pelvi-calyces and ureter 21.8% and
abnormal bladder 6.25%. Similar findings were observed
in other studies?’. Cent percent different form of USG
positive findings were found in chronic renal failure,
hydronephrosis, renal stone, nephroblastoma and
polycystic kidney diseases which also stated in an study at
department of paediatrics in national Taiwan university

Table 7 : Outcome of both USG positive and USG negative cases in different types of kidney diseases of children.

Diseases USG positive USG Negative

Improved DORB Death Improved DORB Death
AGN 26 04 01 10 01 0
NS 11 02 0 20 03 0
CRF 02 03 02 0 0 0
HN 01 06 0 0 0 0
PN 01 0 0 02 0 0
RS 02 0 0 0 0 0
NB 01 01 0 0 0 0
PCKD 0 01 0 0 0 0
Total 44(68.7%) 17(26.6%) 03(4.6%) 32(88.8%) 4(11.2%) 0(0%)

Note: AGN = Acute Glomerulonephritis; NS=Nephrotic Syndrome, CRF=Chronic Renal Failure, HN=Hydronephrosis, PN=Pyelonephritis, RS=Renal Stone; NB=Nephroblastoma, PCKD=Polycystic Kidney Diseases.
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hospital?82,

The present study also showed a positive relation between
abnormal USG finding and serum creatinine level. Out of
100 renal cases high serum creatinine were found in 35
cases, out of them 80% were USG positive and 20% were
USG negative. A study in Taipei in a national hospital
under department of paediatrics show a positive relation
between the increase echogenicity of cortex and high
serum creatinine and similar finding was also observed in
other study'®?6 Present study showed that the mean
duration of hospital stay (days) was higher in USG positive
than USG negative patients. A study in the department of
paediatrics, Fukui Medical School, Matsuaka, Japan
showed mean duration of hospital stay (days) of USG
positive patient were higher than USG negative patient.
Present study also showed the outcome of the USG
negative patient was better than the outcome of USG
positive cases, improvement occur 88.8% of cases in USG
negative, 68.7% cases in USG positive cases. Death was
0% in USG negative cases but 4.6% in USG positive cases
and similar findings were stated in another study*’.

Conclusion

In this study various types of USG changes were found in
different renal diseases of children which were
nephromegally, reduced size of the kidney, abnormal
echogenicity, poor or loss of cortico-medullary
differentiation, pelvicalyceal dilatation and bladder
abnormality. The sensitivity of USG positive cases was
64% and specificity was 97%. High serum creatinine in
kidney diseases were highly associated USG changes of
kidney. The outcome of the USG negative cases was better
than USG positive cases. These indicate that USG can be
used as an important diagnostic tool to evaluate the kidney
diseases in children.
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