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Abstract 

Background Pathological nipple discharge (PND) commonly caused by benign diseases, but occasionally it signi‑
fies a major medical concern. Ultrasonography, in addition to mammography, is regarded as the standard imag‑
ing modality in the diagnosis of PND but their sensitivity in some cases are low, subsequently we used a contrast 
enhanced mammography (CEDM) as supplementary diagnostic modality in patients with PND. The purpose of our 
study was to investigate the diagnostic efficacy of CEDM in evaluating PND patients, added values of incorporating 
the CEDM in the diagnostic workup of patients with PND and to demonstrate its diagnostic significance as a predictor 
of malignancy in these patients as there have been few studies that have addressed the role of CEDM in the evalua‑
tion of PND.

Results Forty seven patients with PND were enrolled in this prospective study and underwent CEDM. The CEDM 
had high specificity (83.2%) compared to the combined sonomammography (SM) (59.3%), as there was a decrease 
in the number of false positive cases detected by the CEDM (6 cases) compared to the combined SM (11 cases). 
Combined (SM) had a moderate degree of agreement (55%, P = 0.01) with the final diagnosis, whereas CEDM had 
a strong degree of agreement (75%, P < 0.001). Additionally, the combined SM reported 76.6% accuracy with an area 
under the curve of 0.8, whereas the CEDM had 87.2% accuracy with an area under the curve of 0.89.

Conclusions CEDM had higher specificity, positive predictive value, and accuracy than SM in PND patients, 
along with its stronger agreement with the final pathology results, subsequently reduce the rate of false positive cases 
and the rate of recall back, making it a highly accurate malignancy predictor in those patients and can be an invalu‑
able diagnostic imaging tool for identifying associated malignancies.
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Background
After breast pain and lumps, breast discharge is the third 
most common complaint [1]. It is normally caused by 
benign diseases, but occasionally it signifies a major med-
ical concern, especially when it is unilateral spontaneous 
serous or bloody discharge from a single or many orifices 
and it is known as pathological nipple discharge (PND) 
[2]. Although benign disorders like papilloma (35–56%) 
and duct ectasia (6–59%) account for the majority of 
PND causes [3], it is important to consider the possibility 
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of underlying malignant lesions, which account for 
7–33% of cases [4]. Ultrasonography, in addition to mam-
mography, is regarded as the standard imaging modality 
utilized in the diagnosis of PND. However, because the 
masses are too small and not necessarily connected to 
microcalcifications, mammography frequently returns 
negative results and is unable to identify the underlying 
lesion [5]. As a result, the sensitiviy of mammography in 
these situations is insufficient. Further intervention may 
be necessary, such as cytology, when examining PND. 
While cytology is an uncomplicated and painless process, 
it has varied sensitivity and characteristics, leading to a 
high false-negative rate for cancer [1].

In PND, magnetic resonance imaging (MRI) is a use-
ful supplementary diagnostic modality, particularly 
when the results of the other two modalities are unclear 
or negative, despite a high degree of clinical suspicion. 
Unfortunately, access to MRI is restricted to large institu-
tions, the procedure is costly and time-consuming, and it 
is contraindicated in patients with metallic implants and 
pacemakers. MRI has a high sensitivity rate for detect-
ing invasive breast cancer (88–95%) and dutal carcinoma 
insitu (DCIS) (77–90%) associated with PND [6].

Compared to MRI, Contrast-enhanced digital mam-
mography (CEDM) is a less expensive, quicker, and 
simpler imaging method that patients can tolerate. It is 
predicated on the increased permeability within tumor 
locations and the contrast enrichment brought about by 
recently created, growing tumor vasculature. Given these 
benefits, CEDM allows to assess the local extent of the 
disease, multifocalty, and multicentricty and it has been 
proven to be a viable alternative imaging method to MRI 
in certain patients with PND [7].

According to earlier studies, CEDM dramatically raised 
the positive rate, accuracy, and sensitivity for the detec-
tion of breast cancer, which decreased the recall rates 
[8]. The purpose of our study was to investigate the diag-
nostic efficacy of CEDM in evaluating PND patients, 
added values of incorporating the CEDM in the diagnos-
tic workup of patients with PND and to demonstrate its 
diagnostic significance as a predictor of malignancy in 
these patients. Nevertheless, there have been few studies 
that have addressed the role of CEDM in the evaluation 
of PND.

Methods
Patients population
This prospective study was approved by our institu-
tional ethical committee. Written informed consent 
was obtained from each patient for participation after 
receiving information about all the details of the study. 
This study was conducted from April 2021 to September 

2023 on 47 women referred from the breast clinic of our 
institute.

Diagnosis was established via a core needle biopsy or 
open surgery (microdectectomy or major duct exci-
sion) or by cytology and routine follow-up by ultrasound 
(every 6 months in the first year and once in the second 
year) in cases of typically benign lesions, considered to 
be the gold standard test. Female patients who are con-
traindicated for contrast medium administration, those 
with physiological nipple discharge, females less than 
30 years old, and pregnant patients were excluded from 
our study, otherwise, all the female complaining of PND 
were included in our study.

Methods
After fulfilling the clinical data, including the age, color, 
and laterality of the discharge, all patients breasts were 
examined by SM, followed by CEDM (Amulet Innovality, 
Digital Mammography; Fujifilm, Japan).

Contrast‑enhanced digital mammography
CEDM is performed with high-energy (HE) images that 
were acquired at 45–50 KVp and low-energy (LE) images 
obtained at 27–31 KVp after the injection of an iodinated 
contrast agent (Zentex; 350 mg/ mL), which was injected 
intravenously in the antecubital fossa at a dose of 1.5 mL/
kg using an automated power injector at a flow rate of 
3  mL/s, followed by a saline flush, followed by a 2-min 
wait before breast compression. The LE image presents 
the morphological information equivalent to 2-dimen-
sional (2D) mammography, whereas the HE image dis-
plays the post–contrast enhanced lesions to evaluate 
tumor neovascularity.

Then, a dual-energy CEDM image in the two standard 
positions (mediolateral oblique, MLO, and craniocaudal, 
CC views) was performed. Low- and high-energy images 
were consecutively acquired in each view, starting with 
the CC view of the healthy breast, then the CC and MLO 
of the diseased breast, and finally the MLO of the healthy 
breast. Then recombined images of both views of both 
breasts were obtained.

Image analysis
Two breast imaging consultants with at least ten years 
of expertise in the field of breast imaging assessed each 
breast lesion found in the CEDM, and they agreed on 
the final diagnosis. The MRI Breast Imaging-Reporting 
and Data System (BI-RADS) [9], served as the basis for 
the image analysis, which took distribution, degree of 
enhancement, and lesion form into account. Finding 
enhancing lesions and categorizing them as mass or non-
mass enhancements is the first step in the assessment 
process. The mass is a space-occupying lesion of three 
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dimensions, its description should include its shape (oval, 
round, lobulated, or irregular), margins (circumscribed 
or non-circumscribed), and internal enhancement fea-
tures (homogeneous, heterogeneous, ring enhancement, 
or dark internal septation).

The non-mass is defined as a lesion that does not 
occupy space, Reports have been made about its distribu-
tion (focal, linear, regional, multiregional, segmental, or 
diffuse) and internal enhancing pattern (homogeneous, 
heterogeneous, clumped, and clustered). Breast lesions 
were finally categorized using BI-RADS; the classifica-
tion was then cross-checked with the results of the his-
topathology or, in some circumstances, with the results 
of cytology.

The diagnostic algorithm was used
In CEDM, a mass lesion must meet the following criteria 
in order to be classified as suggestive of malignancy and 
assigned a BIRADS 4 or 5: it must be lobulated or irregu-
lar in shape, non-circumscribed margin, and have het-
erogeneous or ring enhancement. Benign masses had a 
rounded or oval shape, circumscribed margin, with mild 
homogenous or dark septa enhancement patterns [8].

The non-mass lesion was classified as suggestive of 
malignancy and recorded as BIRADS 4 or 5. It had a seg-
mental, or regional distribution, linear or ductal, and a 
moderate to marked degree of heterogeneous or clumped 
enhancement. Diffuse enhancement, or many loca-
tions displaying various homogenous ring patterns, was 
thought to be benign [8].

Statistical analysis
Data was collected and analyzed using SPSS (Statistical 
Package for the Social Sciences, version 20, IBM, and 
Armonk, New York). The Shapiro test was used to deter-
mine the compliance of the data to normal distribution. 
Quantitative data were expressed as mean ± standard 
deviation (SD) and compared with the Student t test. 
Nominal data were given as numbers (n) and percentage 
(%).  Chi2 test was implemented on such data. The accu-
racy of different procedures in diagnosing the nature of 
nipple discharge was assessed by using the receiver oper-
ator characteristics (ROC) curve. The level of confidence 
was kept at 95%, and hence the P value was considered 
significant if < 0.05. The sample size was calculated using 
the Epi-Info7 software program, version 23.1.

Results
This prospective study included 47 women, whose 
ages ranged from 30 to 78  years, with a mean age 
was 45.56 ± 12.11  years, duration of discharge was 
3.12 ± 2.82  months, ranging from 0.50 to 12  months. 
Every patient experienced spontaneous nipple discharge; 

29 patients (63.8%) had uniorificial discharge, whereas 
17 patients (36.2%) had multiorificial discharge. Thirteen 
(27.6%), fifteen (32%), and nineteen patients (40.4%) had 
bloody, serous, or serosanguinous discharge, respectively. 
Nineteen out of forty-seven (40.4%) of the women under 
study had a bloody discharge; eight of those cases were 
benign and eleven of the cases were malignant. On the 
other hand, out of the 28 cases (59.5%) that had a non-
bloody discharge (serious and serosanguinous), 19 cases 
were benign and 9 cases were malignant. In 38/47 cases, 
the final diagnosis was made by histopathology through 
either a tru-cut biopsy or surgery. In the remaining 9 
cases, the diagnosis was made by follow-up and cytology 
because the imaging results and the cytology were typical 
benign with stability on follow-up. with 20/47 instances 
(42.6%) were malignant in the form of IDC, whereas 27 
cases (57.4%) of the 47 patients had benign lesions in the 
form of papilloma, 13 cases (27.7%), which was the most 
prevalent benign lesion, followed by ductectazia 10 cases 
(21.3%), the other pathology described in Table 1.

Sonomammographic findings
According to the results of the SM imaging, 16/47 (34%) 
cases were likely benign lesions and were classified as 
BIRADS 3, 17/47 (36.2%) cases were classified as sus-
picious and placed in the BIRADS 4 group, and 14/47 
(29.8%) cases had malignant signs and were classified as 
BIRDAS 5 (Table 2).

All of the BIRADS 3 patients were benign, and 11 cases 
out of the 17 patients classified as BIRADS 4 were false 

Table 1 Final diagnosis of the studied patients

Data expressed as frequency (percentage). IDC invasive ductal carcinoma

Final diagnosis N = 47

Benign lesions 27 (57.4%)

  Papilloma 13 cases (27.7%)

  Ductectazia 10 cases (21.3%)

  Fibrocystic changes
  Granulomatous mastitis

2 case (4.2%)
2 case (4.2%)

Malignant lesions 20 (42.6%)

  IDC 20 cases (42.6%)

Table 2 correlation between sonomammographic BIRADS and 
the final pathology

Bold value demonstrate the results that had a significant differance in our results

BIRADS class Benign Malignant  < 0.001

(27 cases) (20 cases)

3 16 (59.3%) 0

4 11 (40.7%) 6 (30%)

5 0 14 (70%)
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positives. Eight of the patients displayed asymmetry by 
mammography and dilated ducts with intraductal irregu-
lar outline hypoechoic solid masses by ultrasound; these 
lesions proved pathologically to be papilloma Fig. 1. Two 
cases were pathologically proven to be granulomatous 
mastitis; one of them appeared as regular dense mass 
lesion by mammography and as a hypoechoic mass with 
an regular outline by ultrasound examination Fig. 2, the 
second case appears as regional asymmetry by mam-
mography and by ultrasound examination, it appears 
as hypoechoic non mass lesion Fig. 3. The last case was 
focal fibrocystic changes appeared on mammography as 
a focal area of asymmetry; by complementary ultrasound, 
there is a focal area of heterogeneity with minute cysts.

Contrast enhanced digital mammography findings
Based on the morphology and enhancement patterns in 
the 47 cases, the CEDM findings were analyzed. The BI-
RADS score was assigned based on the most suspicious 
criteria, and correlations were made with the final pathol-
ogy or on follow-up (9 instances), as shown in Table 3.

All patients classified as BIRADS 2 and 3 were benign 
based on CEDM findings. Only one case was assigned as 
BIRADS 4, and it was a false positive because it showed 
moderate heterogeneous mass enhancement with a cir-
cumscribed margin which pathologically proved to be 
granulomatous mastitis Fig. 2. Among the 25 cases clas-
sified as BIRADS 5, 5 cases were found to be false posi-
tives; 3/5 cases had papillomas and displayed moderate 
segmental non-mass enhancement Fig.  1; 2/5 cases had 
moderate heterogeneous regional non-mass enhance-
ment; granulomatous mastitis was the cause of one of 
these cases Fig. 3.

Finally, combined SM had a moderate degree of agree-
ment (55%) with the final diagnosis, whereas CEDM had 
a strong degree of agreement (75%) with it Table 4. Then, 
we observed that the combined SM reported 76.6% accu-
racy with an area under the curve of 0.8, whereas the 
CEDM had 87.2% accuracy with an area under the curve 
of 0.89. Additionally, the CEDM had high specificity 
(83.2%) compared to the combined SM (59.3%), as there 
was a decrease in the number of false positive cases by 
the CEDM (6 cases) compared to the combined SM (11 
cases) Table 5. 

Discussion
Though PND is mostly caused by benign breast diseases, 
its association with malignancy risk is a serious issue, so 
the challenge for clinicians is to distinguish the estimated 
7%-33% of breast malignancies that may present with 
PND from the majority of cases of nipple discharge that 
are secondary to a benign and sometimes unidentified 
cause [10]. It is still debatable whether mammography, 

ductography, ultrasound, MRI, or particular combina-
tions of several modalities constitute the best radiological 
examination strategy, despite the use of a variety of diag-
nostic methods [11].

As a problem-solving tool, CEDM is generally regarded 
as a relatively recent imaging technique [12]. However, 
with regard to PND, there is a lack of literature regard-
ing the role of CEDM in women with PND, so achieving 
a systematic approach in the diagnostic workup of PND 
was necessary. Therefore, the purpose of our study was 
to evaluate the accuracy of CEDM in evaluating PND 
patients in order to identify the underlying cause of the 
disease, rule out or confirm malignancy based on evalu-
ation of its morphological criteria and enhancement 
patterns.

According to the findings of our investigation, the 
color of the discharge does not rule out malignancy. Of 
the 20 cases of cancer, 11/20 (55%) of the patients had 
bloody discharge, and 9/20 (45%) had non-bloody dis-
charge. This conclusion was in line with a study by Fakry 
et  al., [13] that found that bloody nipple discharge was 
present in 77.8% of patients with malignant lesions, 
but non-bloody discharge was seen in the remaining 
22.2% of patients. On the other hand, we reported that 
8/27 (29.6%) patients with benign lesions had bloody 
discharge, while 19/27 (70.3%) of them presented with 
non-bloody discharge, which was consistent with the 
results of Fakhry et  al., [13] who noted that among the 
examined 59 cases with benign lesions 20 cases (33.8%) 
showed bloody discharge, and 39 cases (66.1%) showed 
non-bloody discharge, so the color of the discharge has 
no role in exclusion or confirmation of malignancy.

The frequency of malignant lesions in our study 
was 42.6% (20/47), which is relatively higher than the 
reported frequency, despite the fact that benign breast 
disorders are the most common cause of PND. This find-
ing may be explained by the different nature of the study 
population because the study was conducted at a cancer 
institute. The findings of Fakhry et al., [13] were almost 
identical to ours, showing that out of 140 women with 
PND who were investigated, 81/140 (57.8%) had malig-
nant lesions and 59/140 (42.2%) had benign lesions.

In line with our study Wang et al., [14] found that pap-
illoma and duct ectasia were the most prevalent benign 
causes of PND in their study (57% and 33%, respec-
tively), papilloma was the most common benign lesion 
in our study (26.7%), followed by ductectazia (21.3%). 
In our investigation, we stated that all malignant lesions 
were IDC. However, other researchers found that IDC 
accounted for 82.8% of malignant cases, whereas DCIS 
represented 17.2% [15].

By SM imaging the majority of benign lesions (59.2%) 
had an oval shape, well-defined margin (77.8%), and 
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Fig. 1 A 46‑year‑old female patient complaining of bloody nipple discharge from the right breast. Mammography CC (a, b) and MLO (c, d) 
views showed right upper outer focal asymmetry. CEDM in CC (e, f) and MLO views (g, h) showed a suspicious, right breast, clumped, non‑mass 
enhancement of segmental distribution (BI‑RADS 5). Pathology revealed intraductal papillomatosis
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hypoechoic echopattern (48.1%); none of these lesions 
displayed microcalcification. In contrast, the major-
ity of malignant lesions (70%) had irregular shapes, 

poorly defined margins (75%), and hypoechoic 
echopatterns (95%), with seven cases (35%) displaying 
microcalcification.

Fig. 1 continued
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Fig. 2 A 44‑year‑old female patient complaining of serous nipple discharge from the left breast. Mammography CC (a, b) and MLO (c, d) views 
showed left upper outer quadrant mass. CEDM in CC (e, f) and MLO views (g, h) showed a suspicious, left breast, moderate heterogeneous mass 
enhancement (BI‑RADS 4). Pathology revealed granulomatous mastitis
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Fig. 2 continued



Page 9 of 13Khalaf et al. Egypt J Radiol Nucl Med          (2024) 55:126  

Fig. 3 A 39‑year‑old female patient complaining of bloody nipple discharge from the left breast. Mammography CC (a, b) and MLO (c, d) views 
showed left lower inner quadrant asymmetry. CEDM in CC (e, f) and MLO views (g, h) showed a suspicious, left breast, moderate heterogeneous 
regional, non‑mass enhancement (BI‑RADS 5). Pathology revealed granulomatous mastitis
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From our study, we noted that in evaluating the 
patients with PND, the combined SM imaging exhib-
ited 100% sensitivity, 59.3% specificity, and 76.6% overall 
accuracy. Consistent with our research, Fakhry et al., [13] 

found that the combined SM sensitivity and specificity 
were 92.6% and 54.2%, respectively. Additionally, it was 
shown by Abdalla et al. [16] that coupled SM had an 80% 
sensitivity which nearly similar to our results. Most of the 

Fig. 3 continued



Page 11 of 13Khalaf et al. Egypt J Radiol Nucl Med          (2024) 55:126  

false positive cases in our study featured as asymmetries 
by mammography and dilated ducts with intraductal 
irregular outline hypoechoic solid masses by ultrasound; 
these lesions proved pathologically to be papilloma apart 
from one of them appear as regular mass in both SM 
examination and pathologically proved to be granuloma-
tous mastitis.

The interpretation of CEDM findings in this study 
depends on the analysis of enhancement patterns and 
morphological criteria based on the MRI BIRADS lexi-
con. Regarding the interpretation of the mass by CEDM 
at our study, most of the benign lesions were rounded or 
oval in shape (42.8% for each), with a circumscribed mar-
gin in most of them (85.7%) and homogenous enhance-
ment in 85.7% of the patients. However, most malignant 
lesions were irregular in shape (94.1%), with a non-cir-
cumscribed margin (100%) and heterogeneous enhance-
ment (76.5%). As regard the non-mass pattern in CEDM 
in our study, the most common pattern in malignant 
lesions is linear enhancement (66.7%) followed by mod-
erate segmental non mass enhancement (33.3%), yet 
theses distribution is also seen in benign lesions in our 
study: 50% for moderate segmental followed by moderate 
heterogeneous regional non mass enhancement (33.3%) 
and 16.7% for linear enhancement, this can explain the 
increased number of false positive cases in the non-mass 
lesion as it was 5 cases out of six false positive cases, this 
is in line with multiple literatures who reported that the 
most of the false positive cases were non mass [15] & 
[17].

The sensitivity and the specificity of CEDM in our 
study were 100% and 83.2%, respectively, with 87.2% 
overall accuracy. In agreement with our study as regards 
to the sensitivity and accuracy Fakhry et al., [13] reported 
97.5% sensitivity, 79.3% accuracy of the CEDM, but they 
reported low specificity 54.2%, the difference in the spec-
ificity may be due to increase in the number of the false 
positive cases as there were 27 false positive cases out 
of 140 cases in their study but in our study they were 6 
false positive cases out of 47 examined cases. In a retro-
spective study of 186 patients with negative conventional 
imaging results, Chung et al., [18] reported 19% positive 
predictive value and 63% negative predictive value for 
CEDM when detecting cancers and high-risk lesions in 
their study, however in our study CEDM had 76.9% PPV 
as we had only 6 false positive cases and 100%NPV as we 
didn’t have false negative cases.

Our study’s findings indicate that CEDM, in addition 
to being more widely available, less expensive, and more 
patient-friendly than MRI, it can be used as a high-accu-
racy malignancy predictor as it has a strong degree of 
agreement with the final pathology (75%, P < 0.001) com-
pared to the combined SM that show moderate degree 

Table 3 CEDM characteristics in studied patients

Bold value demonstrate the results that had a significant differance in our results

Data expressed as frequency (percentage), mean. P value was significant if < 0.05

Nature of lesions P value

Benign
(n = 27)

Malignant
(n = 20)

Findings < 0.001
  No abnormality 14(51.8) 0

  Mass 7 (25.9%) 17 (85%)

  Non mass 6 (22.2%) 3 (15%)

BIRAD class < 0.001
  2 14 (51.9%) 0

  3 7 (25.9%) 0

  4 1 (3.7%) 0

  5 5 (18.5%) 20 (100%)

Characteristics of mass lesions

Number of patients 7 17

Shape

  Irregular
  Rounded
  Oval

1 (14.2%)
3 (42.8%)
3 (42.8%)

16 (94.1%)
1 (5.9%)
0

0.06

Margin 0.10

  Circumscribed 6 (85.7%) 0

  Non circumscribed 1 (14.2%) 17 (100%)

Pattern of enhancement  < 0.001
Moderate heterogeneous 1(14.3%) 13 (76.5%)

Mild homogenous 6 (85.7%) 0

Ring enhancement 0 4 (23.5%)

Characteristics of non mass lesions

Number of patients 6 3

Distribution and enhancement

  Linear 1 (16.7%) 2 (66.7%)

  Heterogenous regional 2 (33.3%) 0

  Moderate Segmental 3 (50%) 1 (33.3%)

Table 4 Cross‑tabulation and degree of agreement between the 
two techniques and final diagnosis

Final diagnosis K degree P value

Benign Malignant

Combined SM

Benign 16 (59.3) 0 55% 0.01

Malignant 11 (40.7) 20
(100)

CEDM

Benign 21 (77.8) 0 75%  < 0.001

Malignant 6 (22.2) 20
(100)
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of agreement (55%, P = 0.01), subsequently help us to 
exclude or confirm malignancy with confidence. It also 
has a higher specificity, PPV, accuracy and AUC in com-
parison to the combined SM technique, leading to reduce 
the rate of false positive cases that, in turn, decrease the 
rate of recall back, finally CEDM add a great value to the 
diagnostic work up of PND when incorporating in the 
steps of diagnosis.

This study has two primary limitations. First, a small 
sample size can influence the number of false positive 
and false negative cases, which can impair the CEDM 
sensitivity, specificity, PPV, and NPV. For this reason, we 
suggest doing numerous large-scale investigations. Sec-
ond, our study was unable to compare the diagnostic per-
formance of contrast-enhanced MRI with CEDM. As a 
result, we anticipate that additional research will be con-
ducted to ascertain whether or not CEDM may be used 
as a substitute for contrast-enhanced MRI as a tool for 
problem-solving in PND.

Conclusion
Sonomammography remains a crucial imaging modality 
in the diagnostic workup of PND, but in certain cases, 
despite a patient’s serious complaints, it is inconclusive. 
In these cases, CEDM can be an invaluable diagnostic 
imaging tool for identifying associated malignancies. Its 
higher specificity, positive predictive value, and accuracy 
in PND patients, along with its stronger agreement with 
the final pathology results, reduce the rate of false posi-
tive cases and the rate of recall back, making it a highly 
accurate malignancy predictor in those patients.
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