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Abstract

Chronic pancreatitis (CP) is a fibroinflammatory disease characterized by
irreversible destruction of pancreatic tissue. With the development of the disease,
it may lead to exocrine and/or endocrine insufficiency. CP is one of the common
diseases that cause abdominal pain, which will not get permanent spontaneous
relief as the disease evolves. The American College of Gastroenterology clinical
guidelines recommend computed tomography or magnetic resonance imaging as
the first-line examination for the diagnosis of CP. CP common imaging findings
include pancreatic atrophy, irregular dilatation of the pancreatic duct, calcification
of pancreatic parenchyma, pancreatic duct stones, etc. In clinical practice, whether
any correlations between CP-induced abdominal pain patterns (no pain/con-
stant/intermittent pain) and corresponding imaging findings present are not well
known. Therefore, this review aims to comprehensively sort out and analyze the
relevant information by collecting lots of literature on this field, so as to construct
a cross-bridge between the clinical manifestations and imaging manifestations of
CP patients. Also, it provides an imaging basis and foundation for the classi-
fication and diagnosis of abdominal pain types in clinical CP patients.

Key Words: Chronic pancreatitis; Pancreatitis; Abdominal pain; Computed tomography;
Magnetic resonance imaging
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Core Tip: Chronic pancreatitis (CP) is a fibroinflammatory syndrome. On the one hand, pain is the most common clinical
manifestation of CP. On the other hand, computed tomography (CT)/magnetic resonance imaging (MRI) is the most
commonly used imaging examination for CP, and the American College of Gastroenterology clinical guidelines recommend
CT or MRI as the first-line examination for the diagnosis of CP. However, there is no review on whether there is a cor-
relation between pain and CT/MRI. For this reason, this article focuses on summarizing the relationship between the pain
patterns or types of the CP and the corresponding CT/MRI imaging findings, which is conducive to the integration of
relevant and scattered contents, and is conducive to building a cross-bridge between clinical manifestations and imaging
findings of CP patient. At the same time, it will promote academic exchanges between different medical centers as well as
scientific research and teaching.

Citation: Feng Y, Song LJ, Xiao B. Chronic pancreatitis: Pain and computed tomography/magnetic resonance imaging findings. World
J Radiol 2024; 16(3): 40-48

URL: https://www.wjgnet.com/1949-8470/full/v16/i3/40.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i3.40

INTRODUCTION

Chronic pancreatitis (CP) is a fibroinflammatory syndrome caused by various causes. Long-term recurrent pancreatitis
causes normal pancreatic parenchyma to be replaced by fibrotic tissues. With the development of the disease, pancreatic
tissue and function undergo irreversible changes and destruction, which eventually lead to chronic abdominal pain,
exocrine and endocrine pancreatic insufficiency[1,2].

The global incidence of CP is approximately 10 cases per 100,000 general population per year, and the incidence is
increasing over time. Notably, the incidence of CP is twice as high in men as in women([3,4]. The general clinical manifest-
ations of patients with CP are abdominal pain, nausea, vomiting, etc., among which abdominal pain is the most common
(about 76% of CP patients)[5]. However, although it is not common, 10% of patients with CP are pain-free[6]. The pain
manifestations of CP are highly variable and diverse, which can even be converted to each other. Unfortunately, the
mechanism of pain is incompletely understood.

For the diagnosis of CP, the American College of Gastroenterology (ACG) clinical guidelines recommend computed
tomography (CT) or magnetic resonance imaging (MRI) as the first-line examination[7].

The objective of the present review is to deeply investigate the pain, CT or MRI manifestations of CP patients, and to
find out whether there are some change trends or relationships between pain and imaging findings, so as to build a cross-
bridge between clinical manifestations and imaging manifestations of CP patients. Also, it can provide an imaging basis
and foundation for the classification and diagnosis of abdominal pain types in clinical CP patients, which may improve
the diagnostic accuracy and the prognosis of CP patients.

PRELIMINARY UNDERSTANDING OF CP

The first definition of CP was proposed in 1946[8], and a new mechanistically derived definition of CP was published by
Whitcomb et al[9] in 2016, that is, CP is characterized by pathologic fibro-inflammatory syndrome of the pancreas in
individuals with genetic, environmental and other risk factors such as hypercalcemia, hypertriglyceridemia, autoimmune
disorders and so forth. Advanced CP is featured with pancreatic atrophy, fibrosis, chronic pain, ductal distortion and
strictures, calcifications, dysplasia, pancreatic exocrine dysfunction, and endocrine dysfunction[9,10].

CP is a fibroinflammatory disease of the pancreas. Its pathophysiology is very complex and the pathogenesis is not
completely understood. Although the mechanism of CP is complex, a large number of studies have shown a similar
development trend, that is, various causes lead to progressive irreversible damage to the pancreatic parenchyma, and the
pancreatic enzymes release following the injury of the exocrine tissue leading to inflammation. Long-term recurrent
pancreatitis and injury can activate pancreatic stellate cells, leading to the formation of fibers and scars. Finally, the
pancreas shrinks and hardens, resulting in exocrine and endocrine insufficiency of the pancreas[11-14].

THE PAIN OF CP

The clinical manifestations of CP are mainly upper abdominal pain, which is complex and multimodal. The pain pattern
varies according to the temporal nature and severity of CP. According to the temporal nature of pain, it can be divided
into constant or intermittent pain[15]. According to the severity of pain, it can be divided into mild, moderate, or severe.
Previous studies[10,16,17] used five types of pain patterns (A-E) (Table 1), and patients were required to choose from five
pain patterns according to the type and severity of their pain. The most common pain pattern is the 'D' type, which is
characterized by constant mild to moderate pain plus episodes of severe pain. In addition, in a retrospective study of 54
CP patients, Bahuva et al[18] found that the presence or absence of pain was not significantly related to the severity of CP

gﬁ;@ WIR | https://www.wjgnet.com 41 March 28,2024 | Volume16 | Issue3 |


https://www.wjgnet.com/1949-8470/full/v16/i3/40.htm
https://dx.doi.org/10.4329/wjr.v16.i3.40

Feng Y et al. CP: Pain and CT/MRI

Table 1 Patterns and classification of pain[10,16,17]

Pattern Implication
A Usually, pain-free with episodes of mild to moderate pain
B Constant mild to moderate pain
C Usually, pain-free with episodes of severe pain
D Constant mild to moderate pain plus episodes of severe pain

E Constant severe pain
Frequency of pain

Intermittent Pain pattern A or C

Constant Pain pattern B, D or E
Severity of pain

Mild-moderate Pain pattern A or B

Severe Pain pattern C, D or E

structural changes, regardless of the structural changes. Therefore, this study showed that pancreatic morphological
abnormalities had a poor predictive ability for CP pain.

CP not only have a variety of pain patterns but also have a complex mechanism of pain. Including multiple factors,
such as pancreatitis; the pancreatic duct is compressed and narrowed due to stones or strictures, which may lead to duct
hypertension or pancreatic ischemia and further cause pain; and complications such as pseudocysts, local inflammatory
masses, duodenal and bile duct obstruction[19,20]. At present, the common CP pain assessment tools recommended by
the international consensus guidelines include the Visual Analogue scale, Izbiki pain score, McGill Pain Questionnaire,
and so on[21].

In the early years, some scholars[22,23] believed that the spontaneous relief of pain depended on the progressive
development of CP, and believed that the pain of CP would improve with progressive pancreatic insufficiency (such as
severe exocrine/endocrine insufficiency, severe duct abnormalities, more pancreatic calcification, efc.), especially for
alcoholic CP, which is the so-called "burn-out" hypothesis.

However, most studies[16,24,25] have shown that the pain of CP did not seem to be significantly improved over time,
and it was not uncommon for patients to experience pain recurrence during follow-up.

Combined with the study of Dimcevski et al[26], it has been shown that there are neurological components in CP-
induced pain, and cortical reorganization is a pathogenesis of CP patients, indicating that the pain of CP may be largely
independent of pancreatic fibrosis and progressive pancreatic insufficiency. The possible phenomenon is that as the
disease progresses, the pain of CP patients may be alleviated, but it cannot be significantly relieved permanently.
Therefore, waiting for spontaneous pain relief seems to be inaccurate and not worthy of praise.

CT/MRI FINDINGS OF CP

The diagnosis of CP is to combine its clinical features with characteristics of CT or MRI, endoscopic ultrasonography
(EUS), and pancreatic function examination[7,19]. Clinically, CT or MRI recommended by the ACG clinical guidelines are
often used as the first-line examination for the diagnosis of CP[7]. The diagnostic criteria for CP can be traced back to the
Cambridge classification of pancreatic morphology in 1984 (Table 2)[27], and the M-Annheim classification of CP
proposed by Schneider et al[14] in 2007 (Table 3), as detailed in the tables.

The progression of CP can be divided into early and advanced stages. The early stage especially refers to the period
before the development of morphological changes in the pancreas. Because the morphology of the pancreas is mostly
normal at this time, it is difficult to diagnose by conventional imaging methods. In the advanced stage, the morphology of
the pancreas changes, which often manifests as pancreatic atrophy, pancreatic parenchyma calcification, irregular
dilatation and distortion of the pancreatic duct, intraductal calculi, efc., and it can also be accompanied by complications,
such as pseudocyst, common bile duct stricture, duodenal obstruction, etc. These manifestations can be detected by
conventional radiological imaging (CT or MRI)[28]. CT scan is easily available, noninvasive, and relatively cheaper
compared to other modalities. MRI is superior to CT for the evaluation of pancreatic parenchymal and ductal changes,
with better resolution than CT, but it is more expensive and requires more time.

Three common CT findings of CP are pancreatic ductal dilatation (68%; Figure 1A), parenchymal atrophy (54 %;
Figure 1B), and pancreatic calcification (50%; Figure 1B)[19]. MRI shows pancreatic duct stones better than CT, while CT
shows calcification better than MRI.

In recent years, most of the literature and guidelines[29,30] emphasize the importance of early diagnosis of CP, and
achieve the purpose of early detection and early diagnosis before irreversible changes in the pancreas, so as to avoid late
complications and improve the prognosis and clinical outcomes of CP patients.
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Table 2 Cambridge classification diagnostic criteria in chronic pancreatitis[27]

To evaluate chronic pancreatitis from the aspects of pancreatic parenchyma, pancreatic duct morphology, local changes, and so on by
CT and US

Normal Quality study visualising the whole gland without abnormal features

Equivocal One sign only Main duct enlarged (< 4 mm)
Gland enlarged (up to 2 x normal)
Cavities (< 10 mm)
Irregular ducts
Focal acute pancreatitis

Parenchymal heterogeneity

Mild changes Two or more signs Duct wall echoes increased
Moderate changes Irregular head/body contour
Marked changes As above, and with one or more of: Large cavities (> 10 mm), gross gland enlargement (> 2 x normal), intraductal filling

defects or calculi, duct obstruction, structure or gross irregularity, contiguous organ invasion

CT: Computed tomography; US: Ultrasound.

Table 3 M-Annheim diagnostic criteria of definite chronic pancreatitis[14]

At least one of the following four items should be met

Pancreatic calcifications
Moderate or marked ductal lesions (according to the Cambridge classification)
Marked and persistent exocrine insufficiency defined as pancreatic steatorrhea markedly reduced by enzyme supplementation

Typical histology of an adequate histological specimen

Early diagnosis of pancreatic fibrosis can provide a valuable opportunity to prevent disease progression[11]. Khatkov
et al[11] believed that multidetector CT (MDCT) can be used as a non-invasive diagnostic tool for detecting pancreatic
fibrosis, and its post-processing indicators are related to the degree of pancreatic fibrosis, so it is expected to be used for
early diagnosis of CP. The results of a study involving 74 patients showed that compared with mild pancreatic fibrosis,
the normalized contrast enhancement ratio during the venous phases and the pancreatic late/early attenuation ratio
increased in patients with severe pancreatic fibrosis, while the unenhanced pancreatic density decreased. Therefore, the
application value of MDCT in the early diagnosis of CP is further verified.

A prospective study by Liu ef al[31] showed that pancreatic stiffness and T1 relaxation time in multimodal functional
MRI can be used as independent predictors of pancreatic fibrosis grading and showed significant associations with
fibrosis extent. And substantial changes in mild CP can be detected by T1-mapping, which is manifested by a significant
increase in the T1 relaxation time of pancreatic parenchyma in patients with mild CP[32]. Therefore, T1-mapping can also
be used as a new MRI technique to evaluate early CP. In addition, magnetic resonance elastography (MRE)-derived
stiffness, which can be used to measure tissue mechanical properties and provide information on soft tissue stiffness in
vivo, is the highest diagnostic indicator for detecting CP without secretory insufficiency (reflecting early CP), and there is
no difference in the diagnostic effect between T1 relaxation time and MRE-derived stiffness[28]. Furthermore, the
research of Wang et al[33] showed that multitasking dynamic contrast enhanced MRI technology can not only achieve
early detection and early diagnosis of CP because changes in microcirculation characteristics are usually preceded by
morphological changes, but also it can identify and diagnose CP and pancreatic ductal adenocarcinoma by estimating
microcirculation parameters (such as tissue plasma flow, fractional plasma volume, transfer constant, etc.).

THE RELATIONSHIP BETWEEN PAIN AND IMAGING FINDINGS OF CP

Before this, there were many studies on the correlation between the pain of CP and its imaging morphological manifest-
ations, but they were scattered and not concentrated. On one hand, pain is the most common clinical manifestation of CP.
On the other hand, CT/MRI is the most commonly used imaging examination for CP. There is no review to summarize
the correlation and connection between the two. Here, it is summarized in the form of tables (Table 4) and text, in order to
find something valuable.
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Table 4 The relationship between pain and imaging findings of chronic pancreatitis

Research f .
Ref. n Imaging techniques Results
type
Bornmanetal 47 A prospective ERCP The incidence of pancreatic duct obstruction or stricture in patients with painless
[34], 1980 study and painful CP was comparable, indicating that the morphological changes of the
pancreatic duct are not related to the occurrence of pain
Jensen et al[35], 101 A comparative ERP There was no correlation between the degree of pain in CP (no pain, light pain,
1984 study moderate pain, severe pain) and the dilatation of the main pancreatic duct
measured by ERP (the diameter of the main pancreatic duct in the pancreatic body
exceeding 5 mm was defined as dilatation)
Malfertheiner et 64 A prospective ~CT/ERP There was a poor correlation between the severity of pain and abdominal imaging
al [37],1987 study features in CP patients, but it was also found that patients with large pancreatic
cysts were most often associated with severe pain (62%), while enlargement of
pancreatic gland, small cysts, and duct dilatation were roughly the same as
different degrees of pain. Most (89%) patients with calcification still had pain and
some of them (39%) showed severe pain
Morgan et al 25 A ERCP There was a poor correlation between the morphological changes of the main
[36], 2003 retrospective pancreatic duct (whether the duct was dilated or blocked) and pain
study
Mullady et al 414 A prospective  CT/ERCP The duration of disease in CP patients was not related to either the frequency of
[16], 2011 cohort study pain (intermittent vs constant) or the severity of pain (mild, moderate or severe)
Bahuva et al 54 A CT/MRCP/EUS The presence or absence of visceral pain is not significantly related to the severity
[18], 2013 retrospective of CP structural changes, whether the structural changes are severe, mild, or
study absent
Frokjeer et al 40 A controlled MRCP/DWI The pancreatic pathological imaging findings of the fibrotic changes as well as
[39], 2013 study atrophy and ductal pathology were not associated with pain
Wilcox et al 518 A CT/MRI/MRCP/EUS/ERCP CP patients with different pain patterns, temporal nature of pain (no pain,
[17], 2015 retrospective intermittent, constant) or pain severity (no pain, mild-moderate, severe) were very
study similar in the distribution of imaging findings
Madzak et al 82 A prospective s-MRI There was no correlation between pancreatic parenchyma and ductal changes,

[2], 2017 cohort study

pain severity, and pain interference scores

CT: Computed tomography; MRCP: Magnetic resonance cholangiopancreatography; EUS: Endoscopic ultrasound; ERP: Endoscopic retrograde
pancreatography; ERCP: Endoscopic retrograde cholangio-pancreatography; DWI: Diffusion-weighted imaging; MRI: Magnetic resonance imaging; s-MRI:

Secretin-stimulated magnetic resonance imaging; CP: Chronic pancreatitis.

Figure 1 Chronic pancreatitis. A: Chronic pancreatitis with main pancreatic duct stone and main pancreatic duct dilatation. A 58-year-old man with chronic
pancreatitis presented with no pain. The abdominal computed tomography (CT) scan represents the main pancreatic duct stone (orange arrow), the dilated main
pancreatic duct (yellow arrows) with a diameter of 0.5 cm, as well as the combined gallbladder multiple stones (white arrow); B: Chronic pancreatitis with pancreatic
parenchymal atrophy and multiple pancreatic calcifications. A 69-year-old man with chronic pancreatitis. The abdominal CT scan shows a decrease in pancreatic
volume, parenchymal atrophy, and multiple calcifications in the pancreatic parenchyma (orange arrows).
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Figure 2 Chronic pancreatitis with large pancreatic cysts. A 52-year-old woman with chronic pancreatitis presented with upper abdominal pain. The upper
abdominal magnetic resonance images. A: Magnetic resonance imaging (MRI) fat-suppressed T1-weighted imaging shows a large pseudocyst of the head of the
pancreas, which has a low signal; B: MRI T2-weighted imaging can show a clear boundary of pseudocyst (orange arrows) with a diameter of 7 cm x 11 cm, which has
a high signal; C: MR fat-suppressed T2-weighted imaging; D: MRI enhanced scanning venous phase shows the large pseudocyst has no enhancement as well as
the displaced main pancreatic duct (yellow arrows). P: Pancreas.

It can be traced back to a study of 47 patients with CP by Bornman et al[34] in 1980. The ERCP examination technique
used in the study showed that the incidence of pancreatic duct obstruction or stricture was comparable between painless
and painful CP patients, indicating that the morphological changes of the pancreatic duct were not related to the
occurrence of pain. Along this line, it can be found in subsequent studies that Jensen et al[35] found there was no
correlation between the expansion of the main pancreatic duct and the severity of pain in patients with CP in a
comparative study of 101 patients. Similarly, Morgan et al[36] also confirmed that in patients with CP, whether the main
pancreatic duct was dilated or blocked, the pain performance was similar. Therefore, it is not hard to see that there is no
significant correlation between the presence or severity of pain in CP patients and the morphological changes (dilatation
or stricture) of the pancreatic duct.

In addition, further studies[18] also found that there was no significant correlation between the presence or absence of
abdominal pain and the severity of CP morphological structural changes. A retrospective study of 518 CP patients was
conducted by Wilcox et al[17] using CT/MRI/MRCP and other imaging methods. It was found that CP patients with
different pain patterns, temporal nature of pain (no pain, intermittent, constant), or severity of pain (no pain, mild-
moderate, severe) were very similar in the distribution of imaging findings.

In summary, the severity and duration of abdominal pain symptoms caused by CP are not significantly correlated with
the degree of damage to pancreatic anatomical structures (such as pancreatic parenchymal atrophy, pancreatic duct
dilatation or stricture, and pancreatic parenchymal fibrosis). However, although the correlation between pain and
imaging morphological changes is poor, some other meaningful things have been found. For example, CP patients with
large pancreatic cysts are most often associated with severe pain (Figure 2) The correlation between pancreatic en-
largement, small cysts duct dilatation, and different degrees of pain is roughly the same. Furthermore, the vast majority
of patients with calcification still have pain, and some of them can be manifested as severe pain[37].

Moreover, it was found that the duration of disease in CP patients was not related to either the frequency of pain
(intermittent vs constant) or the severity of pain (mild, moderate, or severe)[16]. Combined with CP-induced pancreatic
neural alterations, such as intrapancreatic nerves increase in size (neural hypertrophy) and number (increased neural
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density), related studies have shown that these neural alterations are related to the severity of neuropathic pain.
Therefore, the neural alterations of CP are active shapers of disease evolution and progression[38]. This means that a
series of pancreatic morphological imaging findings (such as parenchymal atrophy and pancreatic duct dilatation) with
the progression of CP may not be related to the severity of pain in patients, and the presence or absence of visceral pain
has nothing to do with the severity of CP because most of the pain drivers of advanced CP are neurological rather than
pancreatic. Therefore, it is not difficult to explain why the correlation between pain symptoms and imaging findings is
poor|[18,39].

CONCLUSION

In summary, CP is a fibroinflammatory syndrome caused by a variety of causes. The most common clinical manifestation
is abdominal pain and the mechanism of abdominal pain is not fully understood. CT/MRI is usually used as the first-line
imaging diagnosis of CP. The duration and severity of abdominal pain caused by CP are poorly correlated with
pancreatic imaging morphological changes. There is a correlation between pain caused by CP and neural alterations and
related complications. Therefore, the next research should further explore the relationship between neural alterations or
related complications caused by CP and pain, in order to have a deeper understanding of CP.
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Abstract

BACKGROUND

Ureteropelvic junction obstruction (UPJO) is a common congenital urinary tract
disorder in children. It can be diagnosed as early as in utero due to the presence of
hydronephrosis or later in life due to symptomatic occurrence.

AIM

To evaluate the discrepancy between dynamic contrast-enhanced magnetic
resonance urography (dMRU) and scintigraphy 99m-technetium mercaptoacetyl-
triglycine (MAG-3) for the functional evaluation of UPJO.
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METHODS

Between 2016 and 2020, 126 patients with UPJO underwent surgery at Robert Debré Hospital. Of these, 83 received
a prenatal diagnosis, and 43 were diagnosed during childhood. Four of the 126 patients underwent surgery based
on the clinical situation and postnatal ultrasound findings without undergoing functional imaging evaluation. Split
renal function was evaluated preoperatively using scintigraphy MAG-3 (n = 28), dMRU (n = 53), or both (1 = 40). In
this study, we included patients who underwent surgery for UPJO and scintigraphy MAG-3 + dMRU but excluded
those who underwent only scintigraphy MAG-3 or dMRU. The patients were divided into groups A (< 10%
discrepancy) and B (> 10% discrepancy). We examined the discrepancy in split renal function between the two
modalities and investigated the possible risk factors.

RESULTS

The split renal function between the two kidneys was compared in 40 patients (28 boys and 12 girls) using scinti-
graphy MAG-3 and dMRU. Differential renal function, as determined using both modalities, showed a difference
of <10% in 31 children and > 10% in 9 children. Calculation of the relative renal function using dMRU revealed an
excellent correlation coefficient with renal scintigraphy MAG-3 for both kidneys.

CONCLUSION
Our findings demonstrated that dMRU is equivalent to scintigraphy MAG-3 for evaluating split renal function in
patients with UPJO.

Key Words: Uteropelvic junction obstruction; Scintigraphy 99m-technetium mercaptoacetyltriglycine; Magnetic resonance
imaging; Dynamic contrast-enhanced magnetic resonance urography

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to evaluate the discrepancy between dynamic contrast-enhanced magnetic resonance urography
(MRU) and scintigraphy 99m-technetium mercaptoacetyltriglycine (MAG-3) in the functional evaluation of ureteropelvic
junction obstruction (UPJO). The results show that dynamic contrast-enhanced MRU is equivalent to scintigraphy MAG-3
for evaluating split renal function in cases of UPJO in all pediatric age groups. Moreover, it is safe and accurate and does not
require ionizing radiation.

Citation: Al-Shaqsi Y, Peycelon M, Paye-Jaouen A, Carricaburu E, Tanase A, Grapin-Dagorno C, EI-Ghoneimi A. Evaluating
pediatric ureteropelvic junction obstruction: Dynamic magnetic resonance urography vs renal scintigraphy 99m-technetium mercapto-
acetyltriglycine. World J Radiol 2024; 16(3): 49-57

URL: https://www.wjgnet.com/1949-8470/full/v16/i3/49.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i3.49

INTRODUCTION

Ureteropelvic junction obstruction (UPJO), the most common urinary tract disorder among children, is observed in all
pediatric age groups[1,2]. It can be diagnosed during the neonatal period due to the presence of prenatal dilation of the
upper urinary tract or later in life due to symptomatic occurrence. However, most cases are detected during the perinatal
period[1,3].

Renal ultrasound is generally used to detect and follow up hydronephrosis, whereas renal scintigraphy using
dimercaptosuccinic acid or 99m-technetium mercaptoacetyltriglycine (MAG-3) evaluates renal function and obstruction,
respectively[4,5]. Computed tomography can be an option for adolescents and young adults to assess obstruction and
identify any aberrant vessels as a cause of UPJO or for postoperative follow-up[4]. Although these techniques can clearly
assess obstructions, they cannot predict the progressive loss of renal function or determine which patients will benefit
from surgery.

The decision for surgical intervention to correct UPJO is controversial; while some surgeons suggest early intervention,
others promote a wait-and-see approach[5,6]. Many urologists follow the sonographic diagnosis of hydronephrotic
kidney and use declining renal function in functional imaging studies as an indication for surgery[6]. Asymptomatic
patients with UPJO should only be treated if there is evidence of asymmetric function, functional deterioration, or
hydronephrosis[4-7]. Identifying and surgically correcting UPJO in these patients before the occurrence of nephron loss is
essential.

Renal scintigraphy is considered the gold standard technique for evaluating anatomical obstruction and measuring
split renal function in children and adults, driving therapeutic decisions[8-10]. However, dynamic contrast-enhanced
magnetic resonance urography (dMRU) has recently been proposed as an alternative technique for evaluating the
drainage curve and split renal function in obstructive uropathy, without requiring ionizing radiation[11-13]. The use of
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dMRU to obtain both anatomical and functional information in a single examination without radiation is beneficial,
especially in the follow-up of young patients[14,15].

This study aimed to evaluate the discrepancies between dMRU and renal scintigraphy MAG-3 for the functional
evaluation of UPJO in children. We hypothesized that dMRU and renal scintigraphy MAG-3 would provide similar
information regarding renal function.

MATERIALS AND METHODS

This retrospective cohort study included patients with UPJO who underwent surgery and renal scintigraphy MAG-3 +
dMRU at Roberts Debré Children University Hospital between January 2016 and March 2020 but excluded those who
underwent only renal scintigraphy MAG-3 or dMRU (Figure 1). This retrospective study was conducted in accordance
with the ethical principles outlined in the Helsinki Declaration. Due to the nature of the study involving analysis of de-
identified data from existing medical records, formal ethical approval from an institutional review board was not sought.
However, efforts were made to ensure patient confidentiality and respect for individual privacy throughout the study
process.

First, all patients underwent renal ultrasonography for the initial radiological evaluation of renal pelvic dilatation
(Table 1). Those suspected of UPJO were then subjected to further renal function evaluations using scintigraphy MAG-3
or dMRU based on the available modality and the radiologist’s experience. As these patients did not require surgical
correction of the UP]JO, they were followed up in the clinic with renal ultrasonography. However, in situations where the
patients had major dilatation of the renal pelvis on ultrasound findings during follow-up, we requested another modality
for comparison i.e., if the patient had initially underwent scintigraphy MAG-3, we requested dMRU, and vice versa

Table 2).

( We tlzen examined the discrepancies in split renal function assessments between the two radiological modalities. To
assess split renal function in both kidneys, functional dMRU results were correlated with the reference standard of MAG-
3 scintigraphy. The patients were divided into two groups: Group A, the discrepancy between renal scintigraphy MAG-3
and dMRU was < 10% (n = 31), and Group B, the discrepancy was > 10% (n = 9). In addition, we investigated the
potential risk factors for these discrepancies, including sex, age at diagnosis, preoperative febrile urinary tract infection,
presence of vesicoureteral reflux, and associated anomalies of the urinary tract, such as duplication of the urinary system,
single kidney, and horseshoe kidney (Table 3).

dMRU protocol

dMRU is performed as an outpatient study or in the day care unit, depending on the child’s age and the need for
sedation. Children < 7 years of age required sedation and observation during daycare for a few hours before discharge
from the hospital. Chloral hydrate 50-75 mg/kg PO was administered to children <1 year of age 30-60 min before the
procedure and repeated for 30 min if necessary. In older children, we administered intrarectal pentobarbital (5 mg/kg)
and alimemazine (2 mg/kg) 1-2 h before the procedure.

Sedation was induced and monitored by a trained pediatric sedation nurse. The patients were continuously monitored
for oxygen saturation and pulse rate. All children were hydrated before the study with Ringer’s lactate solution (10 mL/
kg) and premedicated with phenobarbitone (5 mg/kg) administered intrarectally 30 min before the procedure. First, T2-
weighted imaging sequences [static magnetic resonance urography (MRU)] were performed to evaluate the entire urinary
tract system. Next, furosemide (1 mg/kg) was administered intravenously 1 min after the injection of gadolinium-DTPA
0.05 mmol/kg. Then, routine T1 imaging (excretory MRU) of the kidneys, ureters, and bladder was performed 10 min
after furosemide injection. Sequential dynamic contrast-enhanced imaging with a time resolution of 15 s was performed
using the volumetric gradient echo technique covering the entire urinary tract. This volumetric sequence was repeated
continuously for the initial 3 min following a bolus injection of gadolinium-DTPA 0.05 mmol/kg. Datasets were then
obtained at 1 min intervals for a total of 20 min. Renal and ureteral transition times were measured, and the split renal
function between the two kidneys was calculated using Image]J software.

Scintigraphy MAG-3 protocol

A urinary catheter was placed, and the children were orally hydrated with 10-20 mL/kg of water 30-40 min before the
study. Posterior dynamic acquisition was performed after intravenous injection of MAG-3 3.7 MBq/kg and furosemide (1
mg/kg). The patients were placed in the supine position with their backs facing the camera. Serial 15-30 s images were
acquired for 30-60 min, depending on the technique chosen. In the dynamic renal study, careful evaluation of the
parenchymal phase using the Patlak-Rutland method revealed split renal function. Cortical transit time and collection
system dilatation were examined during the excretory phase (initial 2-4 min). Baseline images of the diuretic phase were
used to assess the diuretic effects.

Statistical analysis

Descriptive statistics were performed using Fisher’s exact test or the y* tests for categorical variables, Student’s t-test for
parametric continuous data (presented as mean and standard deviation), and the Mann-Whitney test for nonparametric
continuous data [presented as median and interquartile range (IQR)]. A positive correlation coefficient was observed at r
> 0. Potential risk factors for discrepancies in renal function between renal scintigraphy MAG-3 and dMRU were
analyzed using univariate analysis, with P < 0.05 considered statistically significant. On exploratory analysis, all variables
with values of P < 0.20 on univariate analysis were assessed for a possible association with the discrepancy in renal
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Table 1 Characteristics of the entire study cohort, n (%)

Entire cohort, n= Scintigraphy MAG-3 only, DMRU only, n= Scintigraphy MAG-3 +

126 n=28 54 dMRU, n =40 Pvalue
Sex 0.837
M 88 (70) 18 (64) 38(70) 28 (70)
E 38 (30) 10 (36) 16 (30) 12 (30)
Age at diagnosis, months 22 (8-112) 8 (4-70) 29 (8-119) 30 (14-127) 0.0471
Diagnosis
Prenatal 83 (66) 18 (64) 30 (55.5) 31 (77) 0.146
Postnatal 43 (34) 10 (36) 24 (44.5) 9 (21.5)
Associated anomalies 0.0476
Duplication of urinary 3(24) 0 3(5.5) 0
system
Ureterocele 0 0 0 0
Single kidney 2 (1.6) 0 1(2) 1(2.5)
Horseshoe kidney 1(0.8) 0 1(2 0
Vesicoureteral reflux 3(24) 0 0 3(7.5)
Pyelonephritis 21 (17) 2(7) 12 (22) 7 (17.5) 0.241
Urinary stones 3(24) 14) 1(2) 1(2.5) 0.999
Follow-up, months 11 (3-23) 8 (3-27) 11 (4-19) 12 (5-20) 0.966

P value: Common presentation of ureteropelvic junction obstruction in the entire study cohort (P < 0.05 was considered statistically significant).
Values are presented as median (interquartile range) or n (%), as appropriate. dMRU: Dynamic contrast-enhanced magnetic resonance urography; F:
Female; M: Male; MAG-3: 99m-technetium mercaptoacetyltriglycine.

Table 2 Decision-making for surgical correction of ureteropelvic junction obstruction, n (%)

MAG-3 primary, n = 30 DMRU secondary, n = 30 DMRU primary, n=10 MAG-3 secondary, n =10

(75) (75) (23) (23)
Affected kidney 42 (28-48) 42 (22-50) 22 (15-40) 38 (31-45)
Age, months 13 (4-48) 29 (9-109) 41 (11-129) 12 (4-116)
Affected renal size, mm
RUS 28 (24-35) XY 28.5 (13) XY
MRI 28 (21-35)
Before furosemide 30 (24-38) 26 (11)
After furosemide 30 (17)
Surgical decision No Yes No Yes

Values are shown as median (interquartile range). DMRU: Dynamic contrast-enhanced magnetic resonance urography; MAG-3: 99m-technetium
mercaptoacetyltriglycine; MRI: Magnetic resonance imaging; RUS: Renal ultrasonography.

function between renal scintigraphy MAG-3 and dMRU on multivariate Cox regression.

RESULTS

A total of 126 patients were included in the study. Of these patients, 83 were diagnosed prenatally, and 43 (34%) were
diagnosed later during childhood (median age, 9 years). Four (3%) of 126 patients underwent surgery based on clinical
evaluation and postnatal ultrasound findings, without undergoing any functional imaging evaluation. Split renal
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Table 3 Characteristics of the patients enrolled in the study (n = 40), n (%)

Scintigraphy MAG-3 + Group A <10% Group B > 10%
dMRU, n =40 discrepancy, n = 31 discrepancy, n=9 P value:
Sex 0.697
M 28 (70) 21 (75) 7 (25)
E 12 (30) 10 (83) 2(17)
Age at surgery, months 30 (14-127) 37 (14-134) 27 (13-76) 0.641
Diagnosis 0.0897
Prenatal 31 (77.5) 22 (71) 9(29)
Postnatal 9 (22.5) 9(29) 0
Associated anomalies 0.999
Duplication of urinary 0 0 0
system
Ureterocele 0 0 0
Single kidney 1(2.5) 1(3) 0
Horseshoe kidney 0 0 0
Vesicoureteral reflux 3(7.5) 1(3) 2(22) 0.999
Pyelonephritis 7 (17.5) 6 (19) 1(11) 0.999
Urinary stones 1(25) 1(3) 0 0.999
Follow-up, months 12 (5-20) 10 (3-16) 19 (10-26) 0.05

P value: Potential risk factors for a discrepancy in renal function between group A and group B (P < 0.05 was considered statistically significant).

Values are shown as n (%) or median (interquartile range), as appropriate. Group A: Discrepancy in renal function between scintigraphy and dynamic
contrast-enhanced magnetic resonance urography (dMRU) is < 10%. Group B: Discrepancy in renal function between scintigraphy and dMRU is > 10%.
dMRU: Dynamic contrast-enhanced magnetic resonance urography; MAG-3: 99m-technetium mercaptoacetyltriglycine; F: Female; M: Male.

Patients enrolled in the study, 2016-2020, 7 = 126
A

Patients excluded, 7 = 86

No scintigraphy or dMRU, 77 = 4
Only scintigraphy MAG-3, 7 = 28
Only dMRU, n = 54

Y
Patients included, 7» = 40
Scintigraphy and dMRU

A

Pyeloplasty, 7 = 40 ’
Right, 7 = 13; left, n = 27
A

| Lumbotomy, 7 = 6 I Laparoscopy, n = 34 |

Figure 1 Overview of the study enrollment process. dMRU: Dynamic contrast-enhanced magnetic resonance urography; MAG-3: 99m-technetium
mercaptoacetyltriglycine.

— >

Nephrectomy, 7 = 0

function was evaluated preoperatively using an isotope renal scan [n = 28 (22%)], dynamic MRI [n = 54 (43%)], or both [n
=40 (32%)]. The most common presentation of UPJO was prenatal hydronephrosis in 83 (66%) patients, followed by
lumbear pain in 22 (17%) and urinary tract infections in 21 (16%) (P > 0.05). Of the 126 patients, 4 (3%) had duplex systems,
1 had UPJO in a horseshoe kidney, 3 (2%) had vesicoureteral reflux, and 3 (3%) had urinary calculi (P < 0.05; Table 1).
Split renal function was compared in 40 patients [28 boys and 12 girls (P > 0.05)] using scintigraphy MAG-3 and
dMRU. Of these, 31 (77%) received a prenatal diagnosis, and 9 (23%) were diagnosed during later childhood (P > 0.05).
Differential renal function, as determined by scintigraphy MAG-3 and dMRU, differed by <10% in 31 children and > 10%
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Figure 2 Relative differential function results on dynamic contrast-enhanced magnetic resonance urography vs scintigraphy. A: Relative
differential function results of left kidney on dynamic contrast-enhanced magnetic resonance urography (dMRU) vs scintigraphy (correlation coefficient = 0.84); B:
Relative differential function results of right kidney on dMRU vs scintigraphy (correlation coefficient = 0.82). MRU: Magnetic resonance urography.

in 9 children (P > 0.05; Table 3).

All patients underwent pyeloplasty [right side (n = 13) and left side (1 = 27); P > 0.05] at a median age of 30 months
(IQR, 14-127 months). Thirty-four patients underwent laparoscopy (retroperitoneoscopy or robot-assisted retroperito-
neoscopy) while the other six underwent lumbotomy. Most patients (95%) had good clinical outcomes and satisfactory
results on ultrasonography during follow-up [median, 12 months (IQR, 5-20 months)], and there were two cases (5%) of
persistent renal pelvic dilatation without renal function degradation. Calculation of relative renal function by dMRU
revealed an excellent correlation coefficient with renal scintigraphy MAG-3 for both kidneys (r = 0.84 and r = 0.82,
respectively; Figure 2).

DISCUSSION

Congenital uropathy is a wide-spectrum entity that varies from asymptomatic to self-resolving and life-threatening
conditions. Hydronephrosis is the most common congenital anomaly detected using ultrasonography during the prenatal
period. While most cases of grade 1 and grade 2 hydronephrosis (96%) spontaneously resolve in the first year of life, a
minority of patients develop UPJO[16]. Dynamic renal scintigraphy MAG-3 is considered the gold standard for
estimating differential renal function and diagnosing obstructions in children. However, in recent times, dMRU has
emerged as an alternative technique for evaluating the drainage curve and split renal function in obstructive uropathy[11-
13]. dMRU provides excellent anatomical information on the urinary tract and enables the precise exclusion of urinary
tract obstruction, without requiring ionizing radiation[16]. It produces high-resolution images arising from the accumu-
lation of bright contrast content in the collection system and ureter, which enables identification of the ureter distal to the
obstruction site[15]. Since 2000, dMRU has been the main modality for evaluating renal function at the Robertson Debré
Children University Hospital. However, despite its benefits, AMRU is not widely used because it is expensive and there is
a lack of trained pediatric radiologists.

Few studies have investigated the diagnostic value of dMRU for obstructive uropathy. For instance, Perez-Brayfield et
al[13] reported that dMRU provides superior anatomical details compared with sonography and nuclear scintigraphy.
Although the procedure requires sedation in all cases, it delivers no ionizing radiation to the infant or child. In this study,
we examined the discrepancy in functional evaluation between dynamic contrast-enhanced MRU and renal scintigraphy
MAG-3 in patients with UPJO who underwent surgery at our hospital over the last 4 years. From a total of 126 patients in
the study, only 40 were included in the final analysis. We found a positive correlation coefficient in the relative differ-
ential of split renal function between the two modalities. Similarly, El-Nahas et al[12] reported that dMRU analysis of
renal function had comparable results to those obtained with renal scintigraphy but superior spatial and contrast
resolution. dAMRU may be more sensitive than renal scintigraphy for analyzing poorly functional renal collecting systems.
In addition to the earlier advantages of dMRU, we found that it is equivalent to nuclear medicine in evaluating split renal
function and obstruction (Table 4). Thus, dMRU is a feasible radiological modality for the functional and anatomical
evaluation of UPJO. Moreover, it is safe, accurate, and does not require exposure to ionizing radiation. However, the
procedure requires sedation and short-term hospitalization. The limitations of this study include a small sample size from
a single institution. The requirement for sedation during dMRU presents a practical challenge. Future implications
emphasize the need for larger multicenter studies to confirm these findings, while advancements in imaging technology
hold promise for enhancing the accessibility and viability of dMRU as a gold standard diagnostic tool for UPJO.

CONCLUSION

dMRU is equivalent to scintigraphy MAG-3 for evaluating split renal function in UPJO cases of all pediatric age groups.
We found that the discrepancies and similarities in renal function were not significantly related to age at diagnosis, sex, or
pyelonephritis. We believe that dMRU is an excellent alternative modality for the anatomical and functional evaluation of
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Table 4 Discrepant characteristics of group A and group B, n (%)

Scintigraphy MAG-3 + dMRU,  Group A < 10% discrepancy, n Group B > 10% discrepancy,

n=40 =31 n=9 Pvalue
Number of discrepancies 6.5 (2-9.8) 4 (2-8) 18 (12-24) <0.0001
Side 0.999
Right 13 (33) 10 (32) 3(33)
Left 27 (67) 21 (68) 6 (67)
Renal transit (affected), s 100 (67-120) 100 (60-120) 100 (70-180) 0.359
Ureteral transit (affected), s 240 (180-511) 240 (180-520) 406 (300-511) 0.285
Affected renal size, mm
RUS 28 (23-36) 29 (24-36) 24 (22-32) 0.381
MRI
Before furosemide 28 (22-35) 31 (21-35) 25 (23-31) 0.652
After furosemide 30 (24-40) 29 (24-42) 32.5 (25-36) 0.966
Follow-up, months 12 (5-20) 10 (3-16) 19 (10-26) 0.05

Values are presented as median (interquartile range) or 1 (%), as appropriate. dMRU: Dynamic contrast-enhanced magnetic resonance urography; MAG-3:
99m-technetium mercaptoacetyltriglycine; MRI: Magnetic resonance imaging; RUS: Renal ultrasonography.

children with UPJO. However, larger multicenter studies are required to strengthen and consolidate our findings.

ARTICLE HIGHLIGHTS

Research background

Ureteropelvic obstruction is a common pediatric condition, which can be due to congenital internal obstruction or
external obstruction secondary to crossing vessels. This study aims to encourage the use of dynamic contrast-enhanced
magnetic resonance urography (dMRU) as a modality, measuring renal function as effectively as 99m-technetium
mercaptoacetyltriglycine (MAG-3) and providing a good anatomical study in cases of obstruction due to crossing vessels.

Research motivation

dMRU proves advantageous as an alternative modality for ureteropelvic junction obstruction (UPJO). However,
enhanced accessibility and cost-effectiveness can be achieved through advancements in magnetic resonance imaging
technology.

Research objectives
The optimal imaging modalities for preoperative functional and anatomical assessment of UPJO in pediatric patients.

Research methods
Analysis of data in patients who underwent surgery for UPJO and had both dMRU and scintigraphy MAG-3 for split
renal function assessment.

Research results

dMRU is equivalent to scintigraphy MAG-3 for evaluating split renal function in UPJO cases of all pediatric age groups.
Future implications emphasize the need for larger multicenter studies to confirm findings, while advancements in
imaging technology hold promise for enhancing the accessibility and viability of dMRU as a gold standard diagnostic
tool of UPJO.

Research conclusions
dMRU is an excellent alternative modality for the anatomical and functional evaluation of children with UPJO. A large

sample size is required to confirm this hypothesis.

Research perspectives
To enhance the accessibility and viability of dMRU.
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Abstract

BACKGROUND

Fibroadenoma (FA) is the most common tumor found in young women, although
it can occur in any age group. Ductal carcinoma in situ (DCIS) that is confined in a
FA is rare; it is most frequently reported as an incidental finding.

CASE SUMMARY

We report a case of DCIS within a FA in a 46-year-old female without cancer-
related personal and family histories. The patient was diagnosed with a breast
conglomerate of nodules and was followed for 1 year. In the current control image
study, we found suspicious microcalcification, as a new finding, within one of the
nodules. Consequently, a core biopsy of the tumor, which appeared hypoechoic,
oval, and circumscribed, was performed. The pathological diagnosis was ductal
carcinoma in situ within a fibroepithelial lesion. The patient underwent breast-
conserving surgery and received radiotherapy as well as endocrine therapy
(tamoxifen).

CONCLUSION
We recommend a multidisciplinary approach for adequate treatment and follow-
up.
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Core Tip: Fibroadenoma (FA) is the most common tumor found in women. Although it can occur in any age group, is
important to consider when to suspicious a malignant change of FA. The case we report is of great interest to the radiology
community because ductal carcinoma in situ within a FA is a challenge to diagnosis. The aim of this case report is to present
the current findings in imaging studies for an early diagnosis and to not delay the treatment.
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INTRODUCTION

Ductal carcinoma in situ (DCIS) arising within a fibroadenoma (FA) is rarely encountered, although pure FA is the most
common tumor found. Its incidence ranges from 0.02% to 0.125%, and it is incidentally found. We present a case of breast
DCIS arising within a FA and discuss the imaging findings.

CASE PRESENTATION

Chief complaints
The 46-year-old female was diagnosed with a conglomerate of breast nodules which is stable for a period of 1 year. She
came to our department for routine mammography and follow-up nodules by ultrasound (US).

History of present illness
She is asymptomatic.

Personal and family history
Family history: Cervical cancer (her mother was diagnosed at age 81 and her sister was diagnosed at age 50). Gastric
cancer (her grandmother diagnosed at age 80).

Personal history: The patient had a history of augmentation mammoplasty.

Physical examination
Right breast without palpable mass. Right and left axillary lymph nodes clinically negative.

Imaging examinations

By mammography, the tissue breast is extremely dense (category “D” of the American College of Radiology, 2013). In the
right breast, a conglomerate of nodules with obscured margins is seen at the posterior third of the union of lower
quadrants. In both axillary regions, no lymph nodes are shown (Figure 1).

Craniocaudal and Mediolateral Oblique projections with magnification of right breast reveal two confluence nodules,
which are isodense, oval with obscured margins and microcalcifications associated. The findings are localized 2 cm from
skin adjacent to the mastoplasty surgical scar indicated by the linear tissue marker (Figure 2).

In addition, the magnification views in orthogonal projections reveal that one of the nodules is associated with fine and
linear pleomorphic microcalcifications that extended in an area of 8 mm (Figure 3).

By digital breast tomosynthesis, we corroborate the morphology of microcalcifications (Figure 4).

Subsequently, a bilateral breast US was performed. In the right breast is seen a conglomerate of two solid nodules that
are hypoechoic, oval, circumscribed, avascular and non-palpable, located at the 6 o'clock position, 4 cm from the nipple in
the right breast (Figure 5). One of the nodules shows microcalcifications seen in mammography. The bilateral axillary
region demonstrates lymph nodes with morphology and fat hilum conservation (Figure 6). These findings correspond to
the category of breast imaging-reporting and data system (BI-RADS) 4B.

An US-guided core biopsy was indicated. A percutaneous biopsy was performed of the conglomerate solid nodules,
using a 12-gauze needle. Six cores were obtained and sent in formalin for pathology analysis. A tissue marker (or clip) is
placed in one of the nodules which is associated with macrocalcifications. A projection of mammography is taken to
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Figure 1 Craneocaudal and Mediolateral Oblique projections of mammography. The breast tissue is extremely dense (category “D” of the American
College of Radiology, 2013). In the right breast exists a conglomerate of nodules (arrow) localized at the third posterior of the union of lower quadrants, they are two
isodense and oval nodules with obscured margins.

Figure 2 Craniocaudal and mediolateral oblique projections with magnification of right breast. The two confluence nodules are associated with
suspicious microcalcifications (arrow). The findings are localized 2 cm from skin and are adjacent to mastoplasty surgical scar indicated by the linear tissue marker as
itis seen in the mediolateral oblique projection. CC: Craniocaudal; MLO: Mediolateral oblique.

confirm the position of the tissue marker (Figure 7).

The histopathology report corresponds to 1.5 mm of high-nuclear grade DCIS with comedonecrosis and microcalcific-
ations, which are within a fibroephitelial lesion that corresponds to a FA. Hematoxylin and eosin stain slides revealed
pleomorphic neoplastic cells within a FA (Figure 8).
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Figure 3 Magnification views in orthogonal projections. One of the nodules is associated with fine and linear pleomorphic microcalcifications (head arrow)
that extended in an area of 8 mm.

TREATMENT

The patient underwent surgery, involving guidewire localization of the non-palpable conglomerate of nodules done
under US (Figure 9). The treatment consists of conserving surgery and no sentinel lymph node biopsy was needed.

FINAL DIAGNOSIS

The pathological report corresponds to residual tumor of 0.5 mm foci which corresponds to a high-nuclear grade DCIS,
comedo subtype, central necrosis and microcalcifications associated within a complex FA, that measures 2.5 cm.

Stage 0, cTisNOMO within a FA, with the following immunochemistry markers: Estrogen receptor (+) 90% and proges-
terone receptor (+) 70% (Figure 10).

Other histological findings: Columnar cell changes and hyperplasia with microcalcifications and 2 peripheral
papillomas, one measures 0.7 mm.

OUTCOME AND FOLLOW-UP

The patient subsequently received radiotherapy and endocrine therapy (tamoxifen). According to the final diagnosis the
patient has a good prognosis.

DISCUSSION

FA is the most common benign fibroepithelial breast tumor in young women and can occur at any age, being most
common between 20 years and 40 years of age[1-13].

FA is a biphasic tumor composed of stromal (connective) and epithelial tissue that grows by estrogen and progesterone
stimulation and is commonly found in pregnancy and lactation. During menopause, FAs suffer atrophy|3,4,6,9,13].

FAs are divided into simple and complex types. FAs with 1 or more of the following characteristics are considered
complex: Epithelial calcifications, apocrine metaplasia, sclerosing adenosis and/or cysts larger than 3 mm[1,4-7,9,11,12,
14].
The risk of breast carcinoma in complex FAs is 3.10 times greater than in patients with pure FAs and is associated with
the percentage of epithelial proliferation[1,3,5,13].

DCIS within a breast FA is uncommon, with an incidence of 0.02% to 0.125%. Fewer than 130 cases have been reported
in the literature[1].

Cancer may arise from the surrounding breast tissue, in the fissures of the FA, or the carcinoma may be completely
confined within the FA. The age at presentation of these patients is 42.5 to 46.9 years-old, approximately 20 years later
than the maximum age at presentation of patients with pure FA[1,6,10,12].

There are no specific imaging characteristics to distinguish between a pure FA and DCIS within a FA. In most cases,
DCIS presents as an incidental finding and is indistinguishable from benign lesions on imaging (Table 1)[1].
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Table 1 Differential diagnosis microcalcifications within a nodule

Diagnosis Description of microcalcifications

Ductal carcinoma in situ within fibroadenoma  Fine or linear pleomorphic

Fat necrosis Coarse calcifications and round or curvilinear calcifications in cyst wall

Initial degenerating fibroadenoma Numerous, dense and peripherical located in a nodule and the coarse pathognomonic calcifications
Benign or malignant phyllodes tumor Coarse, amorphous, and punctuate

Phyllodes tumor with carcinoma component Benign-looking specks or suspicious coarse punctate

Triple-negative tumor Clustered microcalcifications

Mucinous carcinoma Round, coarse, amorphous and/ or rarely pleomorphic

Papillary carcinoma Pleomorphic, coarse, or stippled

Metaplastic carcinoma Amorphous, fine pleomorphic, fine linear, and lastly coarse heterogeneous

Figure 4 Digital breast tomosynthesis with magnification of craniocaudal and mediolateral oblique projections. The morphology of
microcalcifications is corroborated as fine and linear pleomorphic appearance (arrow).
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6 0 clock position, 4 cm from the nipple:
+ Dist 2.07cm Right breast

Figure 5 Gray-scale ultrasound and Doppler color images. A: In the right breast is seen a conglomerate of two solid nodules that are hypoechoic, oval,
circumscribed and non-palpable with lateral acoustic shadowing, located at the 6 o'clock position, 4 cm from the nipple in the right breast. In one of the nodules,
internal hyperechoic foci are seen, corresponding to microcalcifications shown in mammography; B: The nodules have neither internal nor peripherical vascularity.

Right axillary region Left axillary region

Figure 6 Gray-scale ultrasound images. The bilateral axillary region shows lymph nodes with conservative morphology and fat hilum, with cortex of < 3 mm.

The suspicious finding of carcinoma in a FA in mammography is a group of fine or linear pleomorphic microcalcific-
ations within a nodule of indistinct margins[1-4,6,7,9,12,14].

By US, if the shape or margin of the nodule is irregular and has acoustic shadowing, an echogenic halo or distortion of
the architecture should be considered suspicious for malignancy[1-4,6,7].

By magnetic resonance imaging (MRI), a typical FA is observed as an oval mass, with circumscribed margins and
persistent contrast enhancement. A carcinoma should be suspected when there is contrast enhancement with a rapid
uptake curve and washout late phase (type 3)[1,3,6,7].

In adult patients, the American Society of Breast Surgeons recommends against routinely excising biopsy-proven FA
that are < 2 cm. The American College of Radiology Appropriateness Criteria for palpable breast masses even states that
short term imaging follow-up (such as every 6 months for 2 years) is a reasonable alternative to biopsy for solid masses
with probably benign features suggesting FA[15].

A core biopsy should be performed on a nodule that presents rapid growth. The criteria for rapid growth are: (1)
Volume growth rate > 16% per month for patients younger than 50 years; (2) volume growth > 13% per month for
patients 2 50 years; and (3) mean change in dimension over a 6-month interval of > 20, especially in patients over 40 years
of age to exclude the possibility of phyllodes tumor or malignancy[15].

The indications for excision include size > 30 mm, considering that pre-operative biopsy is also insufficient to
distinguish phyllodes tumor from FA, and there is the possibility of underestimation. Other indications for surgical
removal are for growing FA, a nodule with increased BI-RADS classification grade during the follow-up and core needle
biopsy suggesting atypical hyperplasia or unusual pathologic features. Persistent discomfort and pain from a FA are a
relative indication to consider surgical excision. Another indication for surgical removal is patient’s request or cosmetic
concerns[6,16-19].

The differential diagnoses to consider for a nodule with suspicious microcalcifications are fat necrosis, initial
degenerating FA, phyllodes tumor, triple-negative, mucinous, papillary, and metaplastic carcinoma (Table 1)[6,20].

Fat necrosis can be seen as a circumscribed soft-tissue mass with or without macro- or microcalcifications. At
mammography, fat necrosis may be characterized by lipid cysts, microcalcifications, coarse calcifications near ar-
chitectural distortion of surgical scar and focal masses[20,21].

The classic degenerating FA contains coarse pathognomonic calcifications. Occasionally, at the initial period of
involution, the calcifications are small, numerous and may have a malignant appearance. Mammography helps to
distinguish from ductal carcinoma. The microcalcifications in carcinomas are commonly small and asymmetrically
located in a small area, whereas those in FAs tend to be denser, and more diffusely spaced or peripherical located in a
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6 0“clock position, 4 cm from the nipple. 6 0 "clock position, 4 cm from the nipple.
Right breast Right breast

Figure 7 Ultrasound-guided core biopsy images. A: Percutaneous biopsy was performed of the conglomerate solid nodules, using a 12-gauze needle; B: A
tissue marker or clip is placed in one of the nodules (arrow) which is associated with microcalcifications; C: Lateral projection of mammography. The tissue marker
confirms the position of biopsied microcalcifications.
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Figure 8 Hematoxylin and eosin stain slide. Pleomorphic neoplastic cells are seen within a fibroadenoma.

nodule[20].

The phyllodes tumor is observed as a dense, round, or oval mass with circumscribed or indistinct margins. Liberman et
al[22]. described 4 cases of benign and malignant phyllodes tumors containing coarse, amorphous, and punctuate
microcalcifications. Also, the presence of benign-looking specks or suspicious coarse punctate clusters of microcalcific-
ations is reported in less than a third (29%) of phyllodes tumors with a carcinoma component, which would significantly
change the subsequent management plan. By US the phyllodes tumor is round or oval, heterogeneous with cystic areas
and posterior acoustic enhancement. By MR], it is a round, lobulated mass with circumscribed margins. When the tumor
presents cystic areas, the mass is hypointense on T1-sequences and hyperintense on T2-sequences. Only 33% of these
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Figure 9 Gray-scale ultrasound images. A: Preoperative guidewire is inserted percutaneously into the breast to localize the non-palpable conglomerate of
nodules done under ultrasound; B and C: Craniocaudal and mediolateral oblique projection. The adequate position of the hook wire is confirmed in the target lesion;
D: Histological slide of partial mastectomy. The site of the previous biopsy is seen (arrow). Also, fibroadenoma is shown which contains pleomorphic neoplastic cells
and nucleolus with pleomorphic appearance (head arrow) that corresponds to ductal carcinoma in situ.

Figure 10 Immunohistochemical staining. A: Immunohistochemical markers 5 , estrogen receptor + (90%) in ductal carcinoma in situ within fibroadenoma;
B: Immunohistochemical markers 5 x, progesterone receptor (+) 70% in ductal carcinoma in situ within fibroadenoma.

tumors show enhancement, including the internal septa[6,22,23].

Mucinous carcinoma occurs more frequently in older people, and the average age at presentation is 71 years. It re-
presents 1% to 4% of all breast cancers. On mammography, mucinous carcinoma appears as a circumscribed, round, or
oval mass of low density, which may resemble a cyst or FA. Microcalcifications are rare, but when are present, they
appear as round, coarse, amorphous and/or rarely pleomorphic. Microcalcifications most commonly occur in those
tumors that demonstrate papillary or comedo growth patterns. Psammornatous microcalcifications that are seen with
other types of mucin-producing tumors have been found in some cases. US shows a round or oval, circumscribed, and
isoechoic mass with posterior acoustic enhancement. MRI demonstrates a circumscribed, oval mass, hyperintense on T2
and with heterogeneous enhancement[6,20,24].

The intraductal papillary neoplasms of the breast include papilloma, papilloma with atypical ductal hyperplasia
(ADH) or DCIS, papillary DCIS (pDCIS), encapsulated papillary carcinoma (EPC), solid papillary carcinoma (SPC) and
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invasive papillary carcinoma (IPC). Papilloma, papilloma with ADH, DCIS, and pDCIS are associated with microcalci-
fication. Papillary carcinomas with microcalcifications within the tumor are usually pleomorphic but may occasionally be
coarse or stippled in appearance. US can reveal a hypoechoic solid mass or a complex cyst with septations or mural-based
papilliform nodularity. The most common finding of EPC on mammography is a solitary oval or round mass with
microlobulated or circumscribed margins and calcifications are not uncommon and are mainly amorphous or
pleomorphic. In SPC concomitant microcalcification on mammography was rarely reported in the literature cases and
33.32% were accompanied by amorphous calcifications. Sonographically has been reported as multiple nodules
accompanied by ductal ectasia, well-circumscribed, complex, cystic lesion, and homogeneous solid lesions. Ciurea et al
[25]. reported IPCs as round or lobulated masses, often associated with mammographic calcification. Micropapillary
DCIS is frequently associated with “snake skin-like” microcalcification[25-27].

In Krizmanich-Conniff et al[28] series found that 7% of triple-negative carcinoma appeared as clustered microcalcific-
ations, whilst another 29% manifested as masses with associated microcalcifications. The rapid growth, with no precan-
cerous stage, also explains the low incidence of microcalcifications. Microcalcifications inside a mass or isolated
segmental type calcifications were more often associated with a DCIS and a human epidermal growth factor receptor 2+
status. On US and MRI images, commonly theses tumors appear as a round or oval mass with irregular, spiculated, or
circumscribed margins with rapid early enhancement and a late washout curve[6,28,29].

Metaplastic breast cancer, on mammography, are commonly large masses of 4.2 cm, with high density and smooth,
well-defined and spiculated margins. Microcalcifications are very rare within the mass; when this happens, they are more
likely to be amorphous, fine pleomorphic, fine linear, and lastly coarse heterogeneous[30,31].

It is important to understand that suspicious microcalcifications within masses can indicate the presence of ma-
lignancies such as mucinous carcinoma, metaplastic carcinoma with less incidence than CDIS within FA. In our case,
microcalcifications have to be distinguished from fat necrosis because their localization is near surgical scar. Is not
frequent to encounter CDIS within a nodule but the radiologist has to be aware of it. A stereotactic biopsy may be used to
remove the group of microcalcifications however there were at 2 cm from the skin, which contraindicated this interven-
tional procedure. According to the site of the findings in mammography, we corroborated that the microcalcifications that
were seen within one of the nodules were the suspicious group, therefore we were able to make the biopsy by US instead
of used stereotactic-guided vacuum-assisted system. After the diagnosis of DCIS was reported by pathologist, to
assurance a successful surgery for nonpalpable nodule, wire localization is needed. The limitation of our case is that MRI
images of this patient are not available in our Institution, and we cannot detail the findings by this method.

The treatment of choice is conservative surgery, if 2 or fewer suspicious lymph nodes are found on imaging, or 2 or
fewer positive lymph nodes are confirmed by needle biopsy, then is recommended sentinel lymph node mapping.
Adjuvant therapy includes radiotherapy and endocrine therapy. The majority have good prognosis, with no difference
between young and older women. Ten percent of patients present with recurrence or metastasis[1-3,6,9].

CONCLUSION

FAs are common in imaging studies, but the presence of a DCIS within the nodule is rare and has nonspecific findings on
imaging. Faced with a circumscribed nodule within microcalcifications is a diagnostic challenge and by imaging studies
can simulate benign and malignant pathologies. The radiologist has to consider in the differential diagnosis DCIS within
a FA or other round tumors associated with microcalcifications, and the core biopsy should be performed. We re-
commend a multidisciplinary approach for adequate treatment and follow-up.
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Abstract

Artificial intelligence (AI) can sometimes resolve difficulties that other advanced
technologies and humans cannot. In medical diagnostics, Al has the advantage of
processing figure recognition, especially for images with similar characteristics
that are difficult to distinguish with the naked eye. However, the mechanisms of
this advanced technique should be well-addressed to elucidate clinical issues. In
this letter, regarding an original study presented by Takayama et al, we suggest
that the authors should effectively illustrate the mechanism and detailed
procedure that artificial intelligence techniques processing the acquired images,
including the recognition of non-obvious difference between the normal parts and
pathological ones, which were impossible to be distinguished by naked eyes, such
as the basic constitutional elements of pixels and grayscale, special molecules or
even some metal ions which involved into the diseases occurrence.

Key Words: Artificial intelligence; Figure recognition; Diagnosis; Al interactive mecha-
nisms
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Core Tip: We strengthened the importance of mechanism elucidation of the advanced artificial intelligence in processing
figures recognition, especially for those images with very similar characteristics that are difficult to be distinguished by the
naked eye, and expressed a caution on decision making by using artificial intelligence technique for medical use, in that the
unidentified potential would result in a bias.
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TO THE EDITOR

Recently, Takayama et al[1] reported that a branch of artificial intelligence (Al), namely, deep learning (DL), combined
with reduced-field-of-view (reduced-FOV) diffusion-weighted imaging, which was identified as field-of-view optimized
and constrained undistorted single-shot, has greatly improved image quality without prolonging the scan time for
pancreatic cystic lesion diagnostics.

This is an very interested work related the current hot-topic, while, due to the technical shortages, further investigation
need to be done during the near future. In terms of these issues, the authors haven’t outlined and addressed it in this
work rationally. Here we presented some of shortcomings.

In this work, authors have applied the artificial intelligence to distinguish the images for identified diagnosis of
pancreatic disease from other related or concurrent diseases, they should also analyze all types of pancreatic images by
this technique as systematically as possible. Given the variety of diseases, even the physiological status of pancreatic
disease can present diverse physical and chemical characteristics, which are the bases on which Al operates. However, by
simply applying the commercial AIR™ Recon DL algorithm (GE Healthcare), the authors have not provided readers the
essential and enough information which mentioned above, even in the form of a supplementary material. A complete
work should describe the phenomenon with its potential mechanism. Though the Al basic procedures and regulations
have been well established by scientists, this interactive episode was absent in this study.

Al can sometimes resolve difficulties that other advanced technologies and humans cannot[2,3]. The authors should
effectively illustrate the mechanism and detailed procedure that artificial intelligence techniques processing the acquired
images, including the recognition of non-obvious difference between the normal parts and pathological ones of
pancreatic, which were not sensitive to naked eyes, such as the pixels and grayscale, special molecules or even some
metal ions which involved into the diseases occurrence. All of these presentation will facilitate the understanding of Al
processing and recognizing similar or confused images. These are the fundamental principles for artificial intelligence
applying in medical use.
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