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ABSTRACT

Introduction: Congenital anomalies of kidney and urinary tract (CAKUT) presents a broad range of disorders
including abnormal renal parenchymal development, disrupted parenchymal development, abnormalities of
lower urinary tract, urinary collecting system. The knowledge of these anomalies will help the clinicians and
surgeons during the procedures of kidney. The purpose of this article is to present one of the cases of renal
hypoplasia and the review that highlights renal hypoplasia cases.

Methodology: A vertical incision has been made in midline from xiphoid process to pubic symphysis encircling
the umbilicus, another incision from pubic symphysis laterally up to the anterior superior iliac tubercle along
the iliac crest to expose the abdominal cavity. Details of the position suprarenal gland and the upper poles of
the kidneys and external appearance of kidneys in situ were noted. The arrangement of the attached structures
such as the hilum with structures passing through, ureter, bladder, abdominal aorta and the inferior vena cava
were also noted and recorded.

Observation and Result: The size of the left kidney was found small in comparison to right kidney. Coronal
section of left kidney also showed a smaller number of renal pyramids, major calyces and minor calyces.

Conclusion: The knowledge of anatomical variations of urinary system has a significant role for clinicians and
surgeons for diagnosing diseases including congenital anomalies, radiological interpretations, procedures,
surgical interventions and management of clinical conditions.
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INTRODUCTION

Different congenital anomalies of the kidney (CAKUT) [1]. The incidence of these congeni-
and urinary tract cause significant morbidity tal anomalies is found to be 1 in 3640-4300
and mortality in subjects. Renal hypoplasia, live births; most of them are sporadic, familial
dysplasia and agenesis are heterogeneous cases [2]. These anomalies may be associated
disorders included in the group of Congenital with multicystic dysplastic kidney, reflux
Anomalies of the Kidney and Urinary Tract nephropathies, ureteral or urethral atresia,
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uretero-pelvic junction obstruction, uretero-
vesicular junction obstruction, mega-ureter,
posterior urethral valves and anterior urethral
diverticulum [3-5].

The Merriman-Webster dictionary defines
hypoplasia as “A condition of arrested
development in which an organ or its part,
remains below the normal size or in imma-
ture state”. Renal hypoplasia is defined as
abnormally small kidneys with normal
morphology and reduced number of nephrons.
According to this definition; hypoplasia is
present in 2.2% of the population, whereas
many epidemiologic studies suggest that an
estimated incidence of renal hypoplasia is
400 births [6]. Commonly renal hypoplasia
is of three types; simple hypoplasia,
oligo-meganephronic hypoplasia and segmen-
tal hypoplasia. These 3 types of hypoplasia
showed gross and microscopic differences
among them but all have a common feature
of reduction in number of renal lobes [7-10].
A fourth type may be present, but commonly
not recognized that is the cortical hypoplasia
where nephrogenesis is normal but consists
of a reduced number of nephron generations
which results in cortical thinning and medul-
lary reduction [8, 9].

In addition to above mentioned types of
renal hypoplasia, there is also, a concept of
reduced nephron number, or reduced
nephron endowment, known as oligone-
phronia which may lead the predisposition to
adult onset hypertension and chronic kidney
disease (CKD) [11,12].

The diminutive or small sized kidney is one
weighing less than 100 grams. There are mainly
two factors which may cause a small sized
kidney. The first is hypoplasia, which refers to
abnormally small kidneys (greater than two
standard deviations below the expected mean
when correlated with age or other growth
parameters), in which the kidney is miniature
or rudimentary at birth due to arrested devel-
opment. These kidneys are presented with
normal morphology but with reduced number
of nephrons [11]. The second is pyelonephritic
atrophy, resulting from infection or obstruc-
tion in which atrophy is due to nephron-fibro-
sis usually takes place in a kidney of normal
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size at birth [13]. Renal hypoplasia is associ-
ated with infection, formation of stone,
scarring with fibrosis, cystic degeneration and
round cell infiltration. It is commonly
associated with other congenital anomalies of
the genitourinary tract.

The etiology and pathogenic factors involved
in the development of renal hypoplasia have
been well mentioned in many literatures. In
many articles it is mentioned that this
condition can be produced because of the
failure of development of metanephrogenic
blastema or metanephrogenic duct or primary
vascular deficiency. The kidney develops from
the Wolffian body through the stages of
pronephros, mesonephros and metanephros.
An insufficient blood supply occurring at any
of those stages could cause arrest in develop-
ment of kidney [12].

Development of the mammalian metanephric
kidney is dependent on reciprocal inductive
interactions between two distinct cell lineages,
the ureteric cell lineage and the metanephric
mesenchyme cell lineage [11].

The excretory unit of kidney developed from
the metanephric mesenchyme cell lineage i.e.
metanephric mesoderm and collecting ducts
of kidney developed from the ureteric cell
lineage i.e. ureteric bud. Renal hypoplasia can
also occur due to inadequate ureteral bud
branching and results in a small kidney with
histologically normal nephrons, though few in
number [13].

Genetic studies performed in humans and
mutant mice have suggested that nephron
endowment and kidney size is regulated by
different factors such as number of critical
genes, in utero environmental factors and
molecular mechanisms [13]. Nephron forma-
tion is dependent on inductive signals from
the ureteric tip; therefore, the number of
ureteric tips is considered as a strong deter-
minant of nephron endowment. However,
division of ureteric bud tip is dependent on
inductive signals emerging from the meta-
nephric mesenchyme. The GDNF/RET signalling
axis is principally regulate ureteric branching.
GDNF (glial-derived neurotrophic factor), the
ligand for ureteric bud tip- specific RET (recep-
tor tyrosine kinase), receptor (and GFR1), is
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exclusively expressed in the metanephric
mesenchyme and is crucial for ureteric
branching morphogenesis. Although mice with
absence of GDNF, shows absence of kidneys
and ureters due to deficient ureteric bud
induction [14-16], GDNF heterozygous mice
possesses reduced ureteric branching and
significantly reduced size of kidney and a 30%
reduction in number of nephrons [17]. Genetic
studies in humans and mice have brought a
valuable information regarding genetic
contribution and molecular mechanisms
leading to normal nephron endowment and
renal hypoplasia. Specifically, the roles of
several critical parallel and interacting signal-
ling pathways such as GDNF/Ret, FGF
(fibroblast growth factor), PAX2 (paired box 2),
and HH (Hedgehog) which have been
primarily involved in the pathogenesis of
renal hypoplasia.

METHODOLOGY

The present case was reported during routine
cadaveric dissection of a 75 years old female
cadaver in an academic setting of a medical
college, Navi Mumbai, Maharashtra. As per
the Cunningham’s manual of practical anatomy
volume-2 (Thorax and Abdomen), anterior
abdominal wall and abdominal cavity was
opened [18].

For this, a vertical incision has been made in
midline from xiphoid process to pubic
symphysis encircling the umbilicus, another
incision has been made from pubic symphysis
laterally up to the anterior superior iliac
tubercle along the iliac crest to expose the
abdominal cavity. Then the skin, superficial
fascia, muscles of anterior abdominal wall with
aponeurosis were reflected. Then the
peritoneal cavity was explored and folds of the
peritoneum were reflected. All anterior
abdominal viscera were examined in situ and
were removed for exposure of posterior
abdominal wall. Pararenal fat in both paraver-
tebral gutter between the level of T12 to L3
vertebrae was removed to expose the ante-
rior layer of renal fascia. A vertical incision has
been taken through renal fascia and perirenal
fat was removed which surrounds the kidney
and suprarenal glands. The position of
thesuprarenal gland and the upper poles of
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the kidneys were noted and recorded. Details
of the position and external appearance of
kidneys in situ were noted. The arrangement
of the attached structures such as the hilum
with structures passing through, ureter,
bladder, abdominal aorta and the inferior vena
cava were also noted and recorded.

OBSERVATIONS AND RESULTS

Observation was made on a dissected
specimen for the presence of any variations
in the morphology of kidney and ureter. Both
kidneys were situated on the posterior
abdominal wall, behind the peritoneum on
either side of vertebral column.

Right Kidney: External features (Fig 1): The size
and shape of the right kidney was normal. It is
placed between T12-L3 vertebrae. The hilum
is anteriorly placed with arrangement of
structures from anterior to posterior as renal
artery, renal vein and renal pelvis. A single
renal artery was noted arising from
abdominal aorta. A single renal vein was noted
draining into inferior vena cava. The length
and width of the ureter was normal and
opened into the bladder at right lateral trigone
of the bladder through a narrow orifice.

Coronal section (Fig 2): Coronal section of right
kidney showed outer dark renal cortex and
inner pale renal medulla. The medulla was
incorporated by 7 renal pyramids, 3 major
calyces and 6 minor calyces.

Left Kidney: External features (Fig 1): The size
of the left kidney was small in comparison to
a normal kidney and was placed at the
vertebral level of T12-L2. The hilum is
anteriorly placed with arrangement of
structures from anterior to posterior as renal
artery, renal vein and renal pelvis. A single
renal artery was noted arising from
abdominal aorta. A single renal vein was noted
draining into inferior vena cava. The length
and width of the ureter was normal and
opened into the bladder at left lateral trigone
of the bladder through a narrow orifice.

Coronal section (Fig 2): Coronal section of left
kidney had outer dark renal cortex and inner
pale renal medulla. The medulla showed 5
renal pyramids, 2 major calyces and 4 minor
calyces.
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Right Kidney

Fig. 1: Right normal kidney

Left Kidney

and left hypoplastic kidney.

Left Kidney

Fig. 2: Coronal sections of kidneys.

DISCUSSION

Congenital anomalies of the kidneys and
urinary tract are most common types of
congenital malformations. Cadaveric study is
important and relevant even in this modern
era of imaging techniques. The review on
hypoplastic kidneys will be provided by this
manuscript.

During routine academic dissection sessions;
Shweta B Shambharkar et al (2020) examined
bilateral kidneys and ureters in 50 human
adult cadavers (31 male and 19 female) over a
period of 3 years in the department of
Anatomy, Grant govt. medical college,
Mumbai. Hypoplastic kidneys were found in
05.05% cadavers. Total kidneys observed were
99 in 50 cadavers as one cadaver had
unilateral renal agenesis. Total 27 cases had
anatomical variations belonging to both
kidneys and ureters means 27.27% out of 99
kidneys. They reported 05.05% hypoplastic
kidneys. They found 5 in total (4 in male and 1
in female) hypoplastic kidneys. The one male
cadaver out of four had bilateral atrophic kid-
neys. Atrophic kidneys were found 2 on right
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side and 3 on left side. In one case, the left
hypoplastic kidney was very small of 16gms,
with compensatory hypertrophy of opposite
kidney. In another case, right kidney was
atrophied weighing 35gms, with hypertrophic
opposite kidney. In other case, both kidneys
were atrophied with fetal lobulations. In one
case case, right kidney showed a thin slender
mass of parenchyma and left kidney showed
uneven hypertrophy at upper pole [19].

Stephan M. Bonsib studied 18 cases of renal
hypoplasia, out of which 9 cases are of
segmental hypoplasia with or without cortical
hypoplasia, 8 cases of simple hypoplasia with
or without cortical hypoplasia and 1 case of
cortical hypoplasia with normal number of
renal lobes and no cases from oligomegane-
phronia were included in the study. The cases
satisfy the criteria for hypoplasia as defined
by Rubinstein and colleagues. All cases were
diagnosed on nephrectomy specimens. In this
study they had studied the Radial Glomerular
Count which employed sections oriented along
medullary rays for estimation of number of
nephron generations. The glomerular layers on
each side of medullary rays were recorded [20].
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Kathleen R Lockhart et al described a case of
21-year-old woman who presented with low
volume continuous incontinence and uterus
didelphys. On CT intravenous pyelogram right
kidney was not identified but excretory phase
images suggested the presence of right ureter.
On Diethylenetriaminepentaacetic acid
renogram confirmed an area of perfusion
consistent with a poorly functioning right
kidney remnant. A laparoscopic right nephre-
ctomy was performed, with a new application
of indocyanine green aiding which showed
right hypoplastic kidney with fluorescence
imaging [21].

Sarojini Raman et al reported 2 cases of
hypoplastic kidneys out of which one is
20-year-old pregnant female who came for
routine antenatal check-up with complain of
mild pain in left flank. on USG Abdomen and
pelvis showed small sized left kidney with mild
hydronephrosis and dilated ureter. Right
kidney showed compensatory hypertrophy.
X-ray IVU revealed non-excretion of contrast
from left kidney [Table/Fig-2]. CECT KUB/CT IVU
showed small sized left kidney with no
excretion of contrast from left kidney.

Another one is a two-year-old female child who
came to paediatric surgery OPD with
haematuria on Ultrasonography of abdomen
and pelvis showed the right kidney measuring
2.3 cm in length with a thin cortex and dilated
right ureter. The left kidney had features of
compensatory hypertrophy [22].

Payal A Kasat et al studied 90 dissected
human cadavers to see the shape, position
and number of kidneys and ureters over a
period of 5 years. They found hypoplastic
kidneys in 3.3% cadavers. Hypoplastic kidneys
were seen in 3 cadavers among 90 dissected
cadavers. Out of which one cadaver had
unilateral left hypoplastic kidney with
lobulated surface and its coronal section
showed cystic degeneration; while bilateral hy-
poplastic kidneys were seen in 2 cadavers [23].
Pabbati R Reddy studied 50 human cadavers;
who were died due to renal failure and posted
for post mortem. Out of those 50 cadavers, 5
of them showed congenital renal anomaly
counting 10% of the deaths because of renal
failure in adults and one case with congenital
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hypoplasia. A narrow ureter also found in the
patient who had congenital hypoplasia of the
left kidney. The size and shape of the right
kidney was normal measuring 12 x 5 x 2cm
and placed at the level of T12-L3, while the
left kidney was smaller compared to right
kidney measuring 7 x 4 x 2 cm and placed
between T11-L1 [24].

Ayu Ogawa et al found a hospitalised case of
21 years old woman for proteinuria and mild
renal dysfunction. Her serum creatinine level
was 1.10 mg/dl and estimated glomerular
filtration rate 53.9 ml/min per 1.73m2. On
abdominal CT right kidney showed renal
hypoplasia. She had also complained of mixed
hearing disturbance and a history of surgeries
for correction of left cervical branchial
fistulae and bilateral preauricular pits. She was
suspected to have branchio-oto-renal (BOR)
syndrome which has prevalence of approxi-
mately 1 in 40,000 and it is associated with
several genetic mutations in EYA1, SIX1, SALL1,
and SIX5 [25].

CONCLUSION

Kidney and urinary tract malformations are
most frequently detected anomalies. The
knowledge of anatomical variations of urinary
system has a significant role for clinicians and
surgeons for diagnosing diseases including
congenital anomalies, radiological interpreta-
tions, procedures, surgical interventions and
management of clinical conditions.
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