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Introduction

Congenital anomalies of the kidney and urinary tract
(CAKUT) can affect 3.3-11.1% of the population and are
associated with gene mutation, gene copy number variation,
and environmental factors (1). Kidney malformation
has multiple clinical manifestations, including renal
underdevelopment, renal dysplasia, renal hypoplasia,
polycystic renal dysplasia, ectopic kidney, and horseshoe
kidney. Most congenital anomalies can be detected by
ultrasound (US), computed tomography (CT), magnetic
resonance imaging (MRI), or three-dimensional (3D)
imaging. Image reconstruction technology shows kidney
deformities more clearly with better spatial resolution (2).
In this case report, we used 3D technology to clarify a rare
type of renal deformity.

Case presentation

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee(s)
and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

A 45-year-old woman was admitted to hospital
complaining of a 1-month history of dizziness, and a
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transient ischemic attack was diagnosed. During a lung
examination, her left kidney was found to be abnormal.
The patient was not known to have kidney abnormalities,
and there was no genetic history of this condition in her
family. The patient did not present clinical symptoms
of low back pain, hematuria, or urinary tract infection,
and laboratory tests of renal function and urine routine
were within normal ranges. The patient had no history of
hypertension. A CT plain scan showed abnormalities in
the left renal artery, vein, and ureter, and a reversed renal
parenchyma with the collecting system protruding, while
the right kidney was completely normal. Enhanced CT
suggested that there was an artery in the left kidney, which
entered the renal parenchyma in a mesh shape. There were
2 primary thick branches of deep veins, which merged
with the reproductive vein at the renal pedicle and then
merged into the inferior vena cava. The renal parenchyma
was in a state of eversion and folding, and the renal papilla
was prominent. Each renal papilla corresponded to a renal
calyx, which converged into the renal pelvis on the ventral
side (Figures 1,2). Using a software application (Mimics
Innovation Suite 19.0, Materialise, Leuven, Belgium),
we created a 3D reconstruction of the patient’s kidneys.
The 3D-reconstructed images (Figures 3,4) showed that
the right kidney was normal in anatomy and that the left
kidney was abnormal. In Figures 3,4, it can be seen more
intuitively and clearly that the left kidney has poor rotation,
irregular physical contours, and an uneven surface; the renal
pelvis and ureter are distributed in a “Y” shape. The final
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Figure 1 A plain computed tomography scan shows that the right
renal parenchyma (yellow arrow), blood vessels, and collecting
system are completely normal, while the left renal parenchyma

(white arrow) is abnormal, with the collecting system protruding.

Figure 2 Enhanced computed tomography suggests that there is
an artery in the left kidney that enters the renal parenchyma in a

mesh shape (yellow arrow).

clinical diagnosis was CAKUT, and the patient’s clinical
symptoms disappeared after conservative treatment. As the
patient had no urinary system discomfort and her physical
and laboratory examinations were normal, we prescribed
a dynamic observation treatment plan with annual renal
function and urinary system USs.

Discussion

At present, US, CT, and MRI techniques are widely
used in the clinical diagnosis of congenital urinary tract
abnormalities. Due to the advantages of simplicity,
noninvasiveness, and nonradioactivity, US has been widely
used in the field of perinatal diagnosis and newborn
screening. Li et al. used US to screen 2,655 newborns, of
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Figure 3 A front view of the kidney after three-dimensional
(3D) reconstruction shows that the left kidney has poor rotation,
irregular physical contours, and an uneven surface, with malformed

blood vessels and collecting system.

Figure 4 The back of the kidney after three-dimensional (3D)

reconstruction shows that the ureter is distributed in a “Y” shape.

whom 82 were diagnosed with CAKUT (60 males and
22 females), giving a positive rate of 3.1% (82/2,655) (3).
US provides a clear image of the details of the deformity,
including position, number, shape, and confluence.
Meanwhile, enhanced CT can be used to display the
reconstruction of blood vessels, the renal parenchyma, renal
pelvis, ureter, and intestine to facilitate surgery.

Moreover, MRI water imaging is gradually replacing
intravenous pyelogram (IVP) and becoming the primary
method for diagnosing ureteral abnormalities (4). MRI
is generally superior to CT due to the lack of ionizing
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radiation exposure although a study on Bosniak IIF lesions of
renal cysts showed that the risk of radiation-induced cancer
in CT monitoring has little effect on life expectancy (5).
The most commonly used examination for diagnosing
congenital urinary tract abnormalities is currently 2D
US examination, and while 3D US has a radiation-free
advantage in measuring kidney volume, its accuracy is
still far behind that of MRI and CT, and more research is
needed in the future (6).

3D printing imaging technology, which originated
in the 1980s, uses polymer bondable materials, such as
powdered metal or plastic, to construct objects by printing
them in layers. This technology has a wide range of clinical
applications in the medical field, including medical teaching,
surgical model planning, and organ bioprinting. In one
study on 3D printing, patients who viewed their personal
3D kidney model demonstrated a 16.7% improvement in
their understanding of basic kidney physiology (P=0.018),
a 50% improvement in understanding kidney anatomy
(P=0.026), a 39.3% improvement in understanding tumor
characteristics (P=0.068), and a 44.6% improvement in
understanding the planned surgical procedure (P=0.026) (7).
3D printing in the case of a patient with a horseshoe kidney
tumor before surgery showed abnormal blood vessels, and
the tumor was successfully removed (8). Based on CT and
MRI data, 3D reconstruction and printing technology can
be applied in surgical planning, patient education, and rare
or complex cases, and has the potential to be even more
broadly used in the urology field (9).

In this case, we only performed a 3D reconstruction
based on a plain scan with enhanced imaging. We did not
create an actual 3D print due to cost. However, through
3D image reconstruction, we used computer software to
provide a 3D explanation to the patient, which assuaged
their concerns and doubts and helped develop an active
monitoring treatment plan. The patient said that the 3D
reconstruction technology allowed her to understand the
kidney problems more intuitively and dispelled her worries
about the disease.

In summary, traditional inspection techniques can be
widely used in CAKUT inspections. As a new technology,
3D imaging and printing is conducive to disease
recognition, perioperative preparation, and planning, and is
thus worthy of further promotion.
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