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Summary
Background:

Neoplastmatic diseases constitute about 1% diseases in children in Poland, what makes about 1200 new
incidents during one year. Fast diagnosis in those illnesses is crucial in treatment results. The point of
this work was to value usefulness of CT and MRI in diagnostics of neoplasmatic diseases in children.

Material/Methods:

The retrospective study involved 121 children examined in CT and MRI because of suspicion or
during treatment of neoplasmatic disease. Together 184 CT and 119 MRI examination were
performed. Eventually in 106 children neoplasmatic disease was diagnosed. In 16 cases neoplasm
was excluded.

Results:

In the analyzed group of patients acute lymphoblastic and non lymphoblastic leukemia was
diagnosed in 68 children (55.7%); among them mycosis was identified after radiological
examinations in 7 cases (10.3%). 8 children (6.6%) with non Hodgkin lymphoma and 11 (9%) with
Hodgkin lymphoma were examined. Nephroblastoma was found after MRI and CT in 6 cases (4.9%).
Presence of tumors, that were classified histopatologically as PNET, was confirmed in 4 children. In
15 cases after MRI and CT neoplasmatic disease was excluded.

Conclusions:

Depending on the kind of sickness MRI and CT may fulfill basic or subsidiary role in diagnostic and
estimating the progress of treatment in neoplasmatic diseases among children.
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Background
Neoplasmatic diseases constitute about 1% of the causes
of disease among children in Poland. Leukemia is the most
common cancer occurring in this age group, the next one is
the central nervous system tumor, lymphomas, sarcomas of
soft tissues, the sympathetic nervous system tumors, kidney tumors. The incidence of children in Poland is around
130 new cases per 1 million children per year, which represents about 1,200 newly diagnosed cases of cancer per year
in children in our country [1].
There is a much closer correlation between patients’ age
and the peak incidence of various cancers in the case of
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cancer in childhood than in adults. Peak incidence of germ
cell tumors (neuroblastoma, retinoblastoma, hepatoblastoma) accounts for up to 2 years of age with acute lymphoblastic leukemia between 2 and 4 year of age. Hodgkin’s
disease is usually diagnosed in child over 4 years of age,
while non-Hodgkin lymphoma (NHL) between 7 and 10
years of age, and sarcomas in children between 2 and 6
years of age and over 12 years of age. Although the incidence of cancer in children is much lower than in non-neoplasmatic diseases, but these very rapid recognition of disease entities is essential to the implementation of the treatment, which increases the chances of recovery.
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Table 1. Number of CT and MRI examinations of the individual body regions.
Anatomical area

Examination
kind

Head

Sinuses

Neck

Chest

Abdomen and
pelvis

Spine

Joints

Vascular
examination

CT

29

4

10

80

59

0

0

2

MRI

77

0

6

11

10

12

3

0

Tabele 2. Numer of patients with diagnosis of individual diseases.
Diagnosis

Case number
N=121

Leukemia

Non-Hodgin
lymphoma

Hodgkin’s
disease

68 (55.7%)

8 (6.6%)

11 (9.1%)

Radiology in the diagnosis of cancer processes in children
is used for different purposes, depending on the conditions faced by a young patient. The aim of this study was
to determine the usefulness of computed tomography and
magnetic resonance imaging in the diagnosis of different
types of tumors in children.

Material and Methods
The clinical material includes 121 children examined with
computed tomography and magnetic resonance imaging
due to suspected or during treatment of the neoplasmatic
disease.
The study was performed in the Department and
Institute of Medical Radiology and Radiodiagnosis of
Clinical Hospital No. 1 and in Voxel Magnetic Resonance
Laboratory in Zabrze in the years 2008–2011.

Neuroblastoma Wilms’ tumor
6 (4.9%)

5 (4.1%)

PNET

Exclusion of
cancer

5 (4.1%)

18 (4.9%)

Results
Due to the transparency the patients were grouped with
reference to the diagnosis made during hospitalization.
The following groups of patients were distinguished: a
group of leukemia, non Hodgkin lymphoma, Hodgkin’s disease, Wilms’ tumor, neuroblastoma, PNET. The number of
patients belonging to different groups is shown in Table 2.

Leukemia
In the diagnostic process in the analyzed group of patients
acute lymphoblastic or non-lymphoblastic leukemia was
diagnosed in 68 children (55.7%).

184 computed tomography examinations and 119 magnetic
resonance imaging examinations were performed in total
(the number of examinations showing the specific anatomical area is shown in Table 1).

In these patients the main indication for magnetic resonance imaging and computed tomography was the exclusion of involvement of central nervous system in the
underlying disease. CNS involvement was excluded on the
basis of head CT examination performed in 20 children (13
boys and 7 girls), based on head MRI examination in 36
children (12 girls and 24 boys). In 5 children head CT examination was performed because of suspected bleeding into
CNS. This examination excluded bleeding in 4 cases, but in
1 case it confirmed bleeding to CNS in the form of intracerebral hematoma and subdural hematoma. In 3 cases computed tomography image did not allow a clear diagnosis.
In these examinations in the brain symptoms of edema and
hypodense lesion were diagnosed and leukemic infiltration
of CNS was suspected. The subsequently performed MRI
examination in these children, in two cases leukemic infiltration of CNS was confirmed, and in one laboratory-confirmed CNS mycosis.

16-row LightSpeed appliance made by GE was used to perform computed tomography. MRI was performed using the
HDxT 1.5 T Signa appliance made by GE. The study was
conducted using standard protocols using the principles of
radiation protection adopted in the Department. In appropriate cases intravenous contrast agents were administered
and patient sedation was used. Studies were evaluated on a
workstation Advanced Workstation 4.0 HP.

In 12 children computed tomography was performed in the
course of chemotherapy with suspected systemic mycosis. The diagnosis of fungal infection on the basis of computed tomography was confirmed in 7 patients (10.3%). In
four cases pulmonary mycosis was confirmed in the form
of diffuse pulmonary nodules (in one child), infiltration of
lung tissue (in 2 children) and cavities (in one child). Two
children were found abscesses in liver and spleen, and

49 boys aged 1–17 years (median 7 years) and 30 girls aged
2–17 years (median 7 years) were among children examined
with CT. 39 boys aged 1–17 years (median 6 years) and 22
girls aged 1–17 years (median 4.5 years) were among children examined with MRI. In 20 children (10 boys and 10
girls) of the above groups both computed tomography and
magnetic resonance imaging were performed. Ultimately,
cancer was diagnosed in 106 children. Malignancy was
excluded in 16 children during hospitalization.
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Figure 1. Boy BM, age 8 with diagnosis of acute lymphoblastic
leukemia. CT brain examination shows ambiguous
hypodense focal leasions in both hemispheres. In MRI
examination these were indentified as leucemic infiltration.

Figure 2. Boy BM, age 8. MRI examination during chemotherapy
shows focal mycosis in right brain hemisphere. In check MRI
partial remision.

disseminated nodules in the lung parenchyma. In one child
in addition to involvement the liver, spleen, and nodular
changes in the lungs parenchyma the renal abscesses and
interloop abscess were revealed. Controlled CT performed
in these children during treatment with antifungal revealed
gradual regression of the described changes.
CT excluded mycosis changes in thoracic cage and abdominal cavity in the remaining 5 children. In 2 cases the reason
for referral to the abdominal CT scan was clinical suspicion of intestinal obstruction. In both cases, CT scan confirmed the clinical diagnosis of the features of necrotizing
enterocolitis with diffuse swelling of the intestinal wall
and intramural pneumatosis. In 1 of these children one
also observed features of gastrointestinal bleeding with
extravasation of contrast given intravenously into the jejunal lumen.
3 patients (4.4%) were performed MRI examinations during the clinically found relapse of acute lymphoblastic leukemia in order to determine the stage of the process. In 2
boys the meningeal relapse was revealed, which was visible as a thickening and strong contrast enhance of cerebral leptomeningeal. In 1 child meningo – brain relapse
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Figure 3. Patient JM age 17 with diagnosis of acute lymphobalstic
leucemia during chemotherapy. CT examination with i.v.
application of contrast shows multiple, small mycosal
abscesses of liver and spleen.
was diagnosed, where next to cerebral leptomeningeal
thickening focal infiltration of the occipital lobe with vasogenic edema features and contrast enhance were observed.
All these patients were subsequently subjected repeated
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control examinations that confirmed the regression of CNS
during relapse treatment. In 1 of the boys at a later time
there was a second recurrence of meningo – cerebral confirmed radiologically.
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A

MRI of the spine in children with leukemia was performed
in 4 patients. In 2 cases correct picture of the spine was
seen, in 1 case involvement of cerebral leptomeningeal
with their thickening and contrast enhancement, in 1
case involvement of bone marrow with lesion of stronger
contrast.
Abdominal MRI was performed in 1 girl as a check on the
treatment of systemic mycosis. In this study described in
CT lesions in the spleen were not found; however, abscesses in the liver were confirmed (Figures 1–3)

B

Non-Hodgking’s lymphoma
During the period under review the imaging studies were
performed in 8 children (6.6%) with diagnosed non-Hodgkin’s lymphoma, including 2 girls and 6 boys. All patients
were performed CT of the chest, abdomen and pelvis. The
examination revealed pathological nodal masses in the
chest in 6 patients, in the abdomen and pelvis in 4 children.
In 2 cases, kidneys involvement in lymphoma progress was
revealed, which took the form of enlarged kidneys with
poorly delineated hypodense lesions. Magnetic resonance
imaging examination was performed in 2 patients in order
to exclude involvement CNS obtaining the correct picture
of the brain. In one boy’s spine MR examination was performed because of pain with suspected tumor infiltration,
which was not confirmed on CT imaging and MRI of the
abdominal cavity as a control to assess the effects of treatment, in which gradual reduction of the dimensions of
some aortic lymph nodes was observed.

Figure 4. Patient JM age 2. CT examination performed because
of dyspnoea. Both CT and MRI examination shows
tumor in posterior mediastinum that shapes trachea,
histopathological neuroblastoma.
examinations, in the course of both CT and MR treatment
reduction of lymph nodes was observed.

Hodgkin’s disease

Neuroblastoma

11 children (9%), including 8 boys and 3 girls with a diagnosis of Hodgkin’s disease were examined with CT and MR. In
7 children CT of the chest and abdomen was performed, 3
of them were also performed CT of the neck. Further examination revealed the numerous packages of enlarged lymph
nodes in the neck in 2 children, within the mediastinum in
5 children and within the abdominal cavity in three children. 1 patient had splenic involvement by the disease process in the form of scattered small hypodense lesions. One
study of chest CT was performed because of ambiguous
PET-CT, which revealed the lesions of enlarged radiotracer
uptake in 6th segment of right lung with non-characteristic
image. The control CT scan of the chest performed in our
laboratory within the right lung did not reveal pathological concentration except for small fibrous changes, which
was for the inflammatory nature of the lesion well visible
in PET-CT.

6 boys (4.9%) were performed radiological examination that
revealed neuroblastoma. Among patients with a diagnosis
of this disease in our material there was not a female person. In 3 cases the tumor was located within the posterior
mediastinum. In 3 cases within the retroperitoneal space,
with 1 in the adrenal location, and 2 localized outside of
the adrenal glands. In single CT and MR examinations
tumor penetration into the spinal canal with widening of
the intervertebral opening was found.

MR examinations were performed in 4 children. These
examinations included the neck and abdomen in 3 children,
and the neck and chest in 1 boy. Packets of enlarged lymph
nodes in the neck were revealed in all of these children.
In 2 children enlarged lymph nodes in the abdomen, and
in 1 patient enlarged mediastinal lymph nodes. In control

Both CT and MR showed precise data on the location,
shape and size of tumors. The MRI revealed the tumor
structure more accurately confirming the methaemoglobin
signals, providing proof of bleeding (Figure 4)

Wilms’ tumor
Among the analyzed group of children Wilms’ tumor was
found in 5 patients (4.1%), including 3 boys and 2 girls.
Further examination of abdominal CT in 4 cases tumor of
one kidney was revealed. In 1 of the girls bilateral renal
tumors were observed. In 1 of the children thoracic cage
examination was performed showing the correct picture of
the chest.
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Figure 5. Patient MM age 8 with diagnosis of nephroblastoma post
nefrectomy at the right side. MRI examination in T2 FatSat
sequence shows another focus of the tumor in left kidney.
Controlling CT shows acceleration of tumor size.
In 1 of the children CNS imaging was performed (CT and
MRI) because of clinical symptoms of encephalopathy,
which occurred during chemotherapy. These examinations
excluded the pathological changes within the brain structures (Figure 5).

PNET – primitive neuroendocrine tumors
The presence of tumors which, after histopathological
examination, were classified as PNET were diagnosed in
4 children (3.1%), including 3 girls and 1 boy. All tumors
were located within the chest wall. Both CT and MRI of
the chest revealed the location, shape and size of tumors
and the degree of infiltration of the surrounding anatomic
structures. CT scan showed significantly better pathological periosteal reactions within the bone infiltration structures. In 2 girls recurrence of the disease was found. In the
case of thoracic MRI diagnostic value of these examinations was reduced in 2 cases due to numerous motion artifacts (Figure 6).

Exclusion of cancer
15 children were referred for computed tomography with
suspected cancer due to clinical examination or X-rays or
ultrasound previously performed. Among these children in
8 patients based on chest X-ray images mediastinal tumor
or lymphadenopathy of pulmonary cavities were suspected. Chest computed tomography performed in 6 children
revealed the correct picture of the thymus and excluded enlarged lymph nodes. In 2 cases there were atypical
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Figure 6. Patient FJ age 4 with suspicion of pleural empyema on the
left side. In CT examination malignant thoracic wall tumor
– histopathological PNET. In controlling MRI after surgical
treatment recurrence of the tumor on the left side.
inflammatory changes in pulmonary parenchyma from a
reactive lymph node enlargement within the mediastinum.
3 children were performed abdominal CT examinations of
the suspected tumor. In 2 children tomography examination revealed a correct picture of the abdominal organs,
and in 1 revealed the presence of retroperitoneal enlarged
lymph nodes within the mesentery showing no obvious
proliferative features of the process and a small amount of
fluid in the peritoneal cavity. During the hospitalization on
the basis of additional performed tests lymphadenopathy
with Yersinia enterocolitica infection was diagnosed.
2 children were referred for computed tomography of the
abdomen on the basis of ultrasound suspicion of renal
tumor. In both of these children renal cysts were revealed.
1 of the children was subjected to computed tomography
because of facial pain and exophthalmos within the right
eye socket. CT scan revealed inflammatory changes in
ethmoid penetrating to right eye socket.
1 of performed chest computed tomography gave false-positive result. The examination involved a boy aged 16 due
to a considerable amount of bloody fluid in the left pleural
cavity and inefficient drainage.
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Computed tomography of the chest revealed pathological
nodal masses within the mediastinum, subpleural nodules,
infiltrative lesions in the pulmonary parenchyma, fluid in
left pulmonary cavity and pericardial sac. According to the
radiological examination metastatic tumor was suspected.
However, on the basis of histopathological examination of
lymph nodes taken at mediastinoscopy, tuberculosis was
diagnosed.

Discussion
Diagnostic imaging in children with suspected proliferative disease requires selection of diagnostic methods,
which allow diagnosis and implementation of appropriate
treatment in the quickest and least burdensome way for
children. Imaging studies in recent years have been rapidly improved as one of the most important elements of the
diagnostic – therapeutic process, but the meaning of each
imaging studies in various disease entities is different.
In the case of acute leukemia diagnosis is established on the
basis of bone marrow smear. Cytochemical studies allow for
the differentiation of acute lymphoblastic leukemia from
non-lymphoblastic leukemia. Cytogenetic studies, the determination of chromosomal aberrations allow for more accurate determination of the prognosis. Radiology in the diagnosis of these conditions is used to evaluate the involvement
of individual organs prior to treatment, especially the central nervous system that affects about 5% of the children.
Leukemic infiltration of parenchymal organs occur with less
frequency. Radiological examination may be helpful in the
case of diagnostic doubts related to the necessity of differentiation of disseminated form of neuroblastoma and ALL, due
to the fact that the image of the bone in both of these units
may be similar. Radiological examination is helpful in determining the severity of the disease, especially involvement of
the central nervous system and bone marrow.
The material analyzed by the authors of the evaluation
of brain activities was made on the basis of both CT and
MR, but it was MRI study that turned out to be characterized by greater sensitivity and allowed the settlement of
diagnostic doubt they have raised in the case of some CT
scans [2,3]. Similarly, a higher sensitivity is characterized
by magnetic resonance imaging in the evaluation of bone
marrow. According to this fact in our analysis of material,
there was not even one tomography of the spine.
Another important use for diagnostic imaging of patients
with leukemia, is to monitor the treatment to evaluate the
occurrence of complications. In the cases studied by the
authors imaging examinations usefulness in the diagnosis
of mycosis in patients undergoing chemotherapy is taken
into consideration.
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case of these disease entities in the opinion of the authors
of more useful test is computed tomography, which admittedly exposures children to ionizing radiation, however,
it is not as susceptible to artifacts such as MRI, and it is
not so heavily dependent on the cooperation of the patient.
Note also the much shorter duration of sedation, which is
required to perform CT test in comparison with MRI, which
is not an inert factor for a young patient. In order to reduce
the radiation exposure of patients, the authors call for the
development of standard radiological procedures allowing
to minimize radiation dose to which patients are exposed.
The studies analyzed by the authors attention was drawn
to the fact that MRI has a lower sensitivity in making visible of small lesions characterized with fungal abscess in
the spleen when compared with CT. This observation is
consistent with the conclusions of Rabushka et al. presented in their work [9].
In view of the radiological diagnosis of abscesses spread to
the liver during the treatment of leukemia in the analyzed
literature the difficulty in differentiating of these changes
from inflammatory pseudo-nodules liver were stressed.
These are quite rare lesions of unknown etiology, which do
not exhibit features of mycosis in histopathological examination, only the features of necrosis and fibrosis [10].
Imaging diagnostic for sufferers form both Hodgkin’s and
non-Hodgkin’s lymphoma is crucial, as it allows to determine the severity of the disease process, which relies on the
therapeutic management [11]. Imaging studies are used to
determine the number, size and location of the pathologically
changed lymph nodes, with a high degree of probability they
allow to distinguish inflammatory from malignant nodes
[11–13]. In case of doubt, diagnostic imaging studies allow
to schedule a biopsy. The study of choice for evaluation of
lymph nodes is considered computed tomography [11,14].
It also allows to evaluate the degree of parenchymal organ
involvement, and monitoring the effectiveness of treatment.
MRI has shown to have comparable efficacy in these areas;
however, it is less effective in the diagnosis of infiltrative
lesions of pulmonary parenchyma. In the case of suspected
pulmonary parenchymal changes in the chosen examination should be CT scan [11,15]. While evaluating pathological nodal mass in the differential diagnosis other etiological
factors should also be taken into account. One of the disease
entities, which may cause diagnostic problems is tuberculosis, and it has been proven in clinical material gathered by
the authors as well as the available literature [12,16,17].

In the case of mycosis of CNS and evaluation of meningeal
and brain – meningeal relapse MRI was found as the study
characterized by high efficiency. These findings are consistent with the information contained in the available literature [4–6].

Embryonal solid tumors in children, among which the most
common are neuroblastoma and Wilms’ tumor, clinically
characterize with often quite long scantily symptomatic or
asymptomatic course. In many cases, the only significantly
expanding abdominal girth and shortness of breath associated with compression of the bronchial tree in children
force parents to report to the doctor. Imaging examinations
in case of diagnosis of neuroblastoma are particularly useful to identify the location of the primary tumor, its size,
and penetration into the spinal canal.

This is not the case in the diagnosis of pulmonary fungal
infection or abdominal parenchymal organs [7–9]. In the

Computed tomography has been proved to be useful in the
evaluation of not only the location of tumors in the chest or
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abdomen, but also of bone structures. MRI has an advantage over CT in the evaluation of penetration of the tumor
within the spinal canal, whether the degree of involvement
of bone marrow is less sensitive in the evaluation of small
sized lymph nodes [18–21].
With reference to Wilms’ tumors imaging examination
allows for identification of the location, the size of the
tumor and allows to plan the treatment. The exact determination of the severity of disease is essential for choosing the appropriate treatment [15,22]. For the assessment
of primary kidney tumor both CT and MR are characterized
by comparable efficacy, but in the case of suspected lung
metastases in the available literature it is recommended to
perform CT scans [21].
Soft tissue sarcomas in children are heterogeneous group of
neoplasms; however, because of similar clinical features and
treatment strategies are considered as 1 group. The authors
analyzed material included 4 cases of primitive neuroectodermal tumor (PNET). These tumors can occur in places
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where there is mesenchymal and neuroectodermal tissue. Because of the variety of locations and forms of these
tumors, they require the use of different imaging methods.
Computed tomography and magnetic resonance imaging
are the most useful imaging methods. These tests allow the
evaluation of tumor size, compared to the adjacent anatomical structures and the degree of invasion on the surrounding
tissue. CT scan allows for more accurate evaluation of the
degree of destruction of bone elements, the evaluation of
malignant periosteal reactions. Magnetic resonance imaging
allows for more accurate evaluation of the degree of bone
marrow infiltration or neural structures [23–25].

Conclusions
Types of cancer in children are a diverse group of diseases characterized by high dynamics and are often different
from cancer in adulthood. Imaging examinations, particularly CT scans and magnetic resonance imaging help to
reduce the time required to make diagnosis, and thus the
implementation of appropriate treatment.
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