
Renganathan et al. Egypt J Radiol Nucl Med          (2023) 54:193  
https://doi.org/10.1186/s43055-023-01132-8

RESEARCH

Novel scoring system using 
contrast‑enhanced mammography 
to differentiate benign and malignant 
architectural distortion
Rupa Renganathan1*   , Prema Subramaniam1   , Adrija Mandal1   , P. Suganya1   , 
Jeevithan Shanmugam2    and Mathew Cherian3    

Abstract 

Background  Incidence of malignancy in architectural distortion (AD) is variable, and as a standard of care, all 
the architectural distortions are biopsied. It is important to identify benign and malignant characteristics of ADs 
on imaging to predict the probability of malignancies as well as to establish radiological–pathological concordance. 
The aim of our study was to analyse the utility of contrast-enhanced mammography (CEM) in primary AD, 
to describe and evaluate the accuracy of CEM parameters and derive a novel scoring system to differentiate benign 
and malignant AD.

Results  Forty-six patients with 49 ADs were evaluated with a median age, 51 years (age range—34–72 years) and all 
were women. Of the 49 ADs, 65.3% (32/49) were benign, and 34.69% (17/49) were malignant. The CEM parameters 
which predicted malignancy were moderate or marked density, size > 0.95 cm, CT ratio > 1.31, mass morphology 
and washout kinetics. The absence of enhancement and enhancing AD with AD score of 0 had a 100% NPV 
for malignancy. Enhancing architectural distortion with a score of 3 or more had 100% PPV for malignancy. A score 
of 1 or 2 was indeterminate, and an individualised decision was recommended.

Conclusions  In primary AD, several CEM features have significantly predicted malignancy when the score is 3 
and above. A biopsy may be avoided in non-enhancing AD and enhancing AD with a score of 0 due to high NPV.

Key points 

1.	 Incidence of malignancy in architectural distortion is variable and all are biopsied.
2.	 Contrast-enhanced mammography parameters and architectural distortion score helps to differentiate benign 

and malignant causes.
3.	 Biopsy can be avoided in non-enhancing architectural distortion and surgery should be advised when score is 3 

and above even with benign histopathology results.
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Background
Architectural distortion (AD) is defined as “thin straight 
lines or spiculations radiating from a point, and focal 
retraction, distortion or straightening of the anterior 
or posterior edge of the parenchyma”, according to the 
American College of Radiology—Breast Imaging Report-
ing And Data System (ACR-BIRADS) atlas [1].

AD can be primary or secondary to an infection, 
trauma, or breast interventions. The differential diagnosis 
for primary AD includes fibrocystic disease, radial scar, 
complex sclerosing lesion, stromal sclerosis, high-risk 
lesions and in situ or invasive malignancy [2].

Primary AD is associated with malignancy in 23.7% 
to 74.5% of patients [3–7]; hence, all architectural dis-
tortions are biopsied. With the widespread availabil-
ity of Digital Breast Tomosynthesis (DBT), more AD is 
detected with a low rate of malignancy [5]. Hence, it is 
essential to characterise AD further. Also, it is crucial to 
establish radiological–pathological concordance after the 
biopsy results to decide on the lesions’ excision [6].

So far, several studies have evaluated the usefulness 
of various imaging modalities, including digital breast 
tomosynthesis (DBT), ultrasonography (USG) and mag-
netic resonance imaging (MRI) to differentiate benign 
and malignant architectural distortions [5, 6, 8–11].

DBT and USG are not accurate enough to predict or 
exclude malignancy in architectural distortions. MRI is 
useful in ruling out malignancy in AD because of its high 
negative predictive value when they do not enhance [7, 
12, 13]. But MRI has several limitations, such as availabil-
ity, duration of the study and high cost.

Contrast-enhanced mammography (CEM) uses the 
same principle of MRI, i.e. neo angiogenesis in detecting 
malignancies [14]. However, compared to MRI, CEM is 
easy to implement in clinical practice, has relatively low 
cost and acts as a quick one-stop solution [14]. To the 
best of our knowledge, there are only two published stud-
ies evaluating the role of CEM in AD, and both showed 
promising results [15, 16].

In this study, we aimed to evaluate the utility of CEM 
in predicting malignancy in primary AD, described and 
assessed certain CEM parameters. We also derived a 
scoring system attempting to differentiate benign and 
malignant causes of AD.

Methods
This is a retrospective  observational  study approved by 
our institutional review board. The need for informed 
consent was waived.

The search of the radiological database from 1 April 
2021 to 31 January 2023 identified 212 architectural 
distortions in 203 patients. Of these, 155 were excluded 

as they were AD secondary to surgery or trauma. Eight 
more patients were excluded because either CEM or 
biopsy was not done, leaving 49 architectural distortions 
in 46 female patients as the cohort as shown in Fig. 1.

When architectural distortions were detected in digital 
breast tomosynthesis (DBT) with synthesised 2D images, 
as an institutional protocol, we performed 2D contrast-
enhanced mammography for further characterisation of 
these lesions after obtaining informed consent.

All the studies were performed using the 3Dimensions 
Mammography System (Hologic). The contrast dose was 
1.5  ml/kg of iodinated contrast media (Iohexol 350  mg, 
OMNIPAQUE, GE healthcare). The contrast was injected 
intravenously at a rate of 3  ml/sec. After 2  min of con-
trast injection, low- and high-energy images of CC and 
MLO views of both breasts were obtained within a 6-min 
window period. No adverse events were noted while per-
forming CEM in the study population.

All patients underwent a biopsy on the same day with 
either a 14G core or 10G vacuum-assisted biopsy (VAB) 
using mammography guidance or USG when localised 
on ultrasound. One patient in the study population had 
undergone an excision biopsy after wire localisation as an 
USG correlate was not identified, and a mammographic 
biopsy could not be performed due to the posterior loca-
tion of AD.

The following features were evaluated retrospec-
tively by three different readers—Dr RR, Dr.PS and Dr 
SP with more than 15 years, 6 years and three years of 
experience in breast imaging, respectively. The con-
sensus opinion was the agreement of at least two of 
three breast radiologists. All the three radiologists read 

Fig. 1  Patient flow
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in the order of synthesised 2D images, tomo images 
and recombined images in the same sitting for inter-
pretation. The low-energy images were not used for 
interpretation.

The readers were blinded to the histopathology, and 
the CEM features were categorised as follows:

1.	 Detection of architectural distortion—in 3D or both 
in 2D and 3D

2.	 Characteristics of AD in CEM:

1.	 Presence or absence of enhancement.
2.	 The density of enhancement in the first (CC) 

view—categorised as no enhancement, mild, 
moderate and marked enhancements using imag-
ing reference standards from our patients (Fig. 2).

3.	 The longest dimension of the AD on CEM.
4.	 The longest dimension of the architectural dis-

tortion on recombined image and tomosynthe-
sis images is calculated. The ratio between the 
longest dimension of AD in recombined and 
tomosynthesis images was calculated, and it is 
described as contrast/tomo ratio (C/T ratio).

5.	 Morphology of enhancement: mass or non-mass 
enhancement.

6.	 Relative change in density of enhancement in the 
first (CC) and second (MLO) views was divided 
into three categories (similar to kinetic informa-
tion in MRI): 1. Increase in density 2. No change 
in density 3. Decrease in density.

For all the architectural distortions which showed 
enhancement, a scoring system was developed to 
increase diagnostic accuracy and remove subjective 
variability among radiologists. Enhancing architectural 
distortions were assigned a score of either 0 or 1 based on 
the imaging findings on each CEM parameter described 
above (Fig.  3 and Table  1). The moderate and marked 
density of enhancement was grouped for scoring and was 
assigned a score of 1 for statistical analysis. Similarly, for 
relative change in density, the increase and no change in 
density were grouped and were assigned a score of 0 for 
statistical analysis. The minimum and maximum scores 
would be 0 and 5, respectively.

Pathological results were analysed, and the lesions were 
categorised into benign, malignant and high-risk lesions 
(atypical ductal hyperplasia, atypical lobular hyperplasia 
and lobular carcinoma in  situ). All high-risk lesions in 
core needle biopsy underwent surgical excision. When 
they were upgraded to invasive carcinoma or ductal 
carcinoma in  situ after surgical excision, they were 
classified as malignant lesions. High-risk lesions after 
surgical excision that were not upgraded were classified 
as benign for statistical purposes. Malignant lesions were 
considered true positives for analysis.

Statistical analysis
Receiver operating characteristic curve (ROC) analysis 
and Youden index were performed for enhancement size 
and contrast/tomo ratio of AD to determine the optimal 
cut-off value for maximising specificity and sensitivity.

Fig. 2  Imaging reference standards for assigning density of enhancement. Architectural distortions are marked by white arrows in a–d. a 
no enhancement. b Minimal enhancement. c Moderate enhancement. d Marked enhancement
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Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and diagnostic accuracy 
of CEM were calculated in the AD evaluation using these 
six parameters, considering histopathologically proven 
malignant lesions as true positives.

The sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and diagnostic 
accuracy of AD scores in predicting malignant architec-
tural distortions were calculated.

Results
Forty-six patients with 49 ADs were evaluated with a 
median age, 51  years (age range—34–72  years) and all 
were women.

Of the 49 architectural distortions, 40 (81.63%) showed 
enhancement, and nine (18.36%) did not. Of the 49 ADs, 
65.3% (32/49) were benign, and 34.69% (17/49) were 
malignant. Table  2 shows the basic demographics of 
study population.

38.8% (19/49) of AD were seen both in 2D and DBT. 
Out of 19 ADs that were seen in both 2D and DBT 
images, 63.2% (12/19) were malignant and only 36.8% 
(7/19) were benign. When the AD was seen in both 2D 
and 3D, they were more likely malignant. 61.2% (30/49) of 
the AD were detected in DBT only, out of which 83.33% 
(25/30) were benign and 16.67% (5/30) were malignant. 
AD detection only by DBT is significantly associated with 
benign histopathology with a P value of < 0.05.

Fig. 3  Schematic diagram showing benign and malignant CEM characteristics of architectural distortion

Table 1  Architectural distortion scoring using CEM parameters

S. No Parameter Score 0 (for each) Score 1 (for each)

1 Density of enhancement mild moderate/marked

2 Enhancement size (in cm) ≤ 0.95  > 0.95

3 Contrast/Tomo (C/T) ratio  ≤ 1.31  > 1.31

4 Enhancing morphology Non-mass enhancement Mass

5 Relative change in density—early versus delayed Increase or no change Decrease
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Out of five malignant architectural distortions 
detected only by DBT, 40% (2/5) were invasive 
lobular carcinomas and 60% (3/5) were invasive 
ductal carcinomas. Out of 12 malignant architectural 
distortions detected by 2D plus DBT, 66.67% (8/12) 
were invasive ductal carcinomas, 16.67% (2/12) were 
ductal carcinoma in  situ, 8.33% (1/12) was a tubular 
carcinoma, and only 8.33% (1/12) was invasive lobular 
carcinoma.

From the ROC analysis, a cut-off ratio of 1.31 and a 
size of 0.95 cm was derived for differentiating between 
benign and malignant lesions.

Our study found that AD, which showed no or mild 
enhancement and non-mass morphology with an 
enhancement size of ≤ 0.95  cm and C/T ratio of ≤ 1.31 
in recombined images, was more likely to be benign. 
Architectural distortions, seen as moderate or marked 
density-enhancing masses with an enhancement 
size > 0.95  cm and a C/T ratio of > 1.31 in recombined 
images, were highly suspicious of malignancy. The 

sensitivity, specificity, positive predictive value and 
negative predictive value of each parameter are listed in 
Table 3.

The absence of enhancement had a 100% NPV for 
malignancy in our study (Fig.  4) (9/49). All nine lesions 
that did not enhance in CEM were proven benign on 
histopathology. All the AD which showed a decrease 
in density on delayed recombined image akin to early 
washout was malignant (PPV—100%).

The distribution of benign and malignant 
histopathology for all the enhancing AD based on the 
score is shown in Figs. 5, 6, 7, 8 and Table 4.

The receiver operating characteristic (ROC) curve 
showed high diagnostic accuracy for architectural 
distortion scores in predicting malignancy with an area 
under the curve of 0.959 (Fig. 9).

The accuracy of CEM in predicting malignant AD was 
independent of detection by only tomosynthesis or 2D 
plus tomosynthesis (mean score of 3.8 for only tomosyn-
thesis detected ADs and 3.5 for 2D plus tomosynthesis).

Discussion
In this study, we evaluated the utility of CEM in predict-
ing malignancy in primary AD. We have attempted to 
describe certain CEM parameters which helped to differ-
entiate benign and malignant aetiology with a novel scor-
ing system.

In our study, the incidence of malignancy in primary 
AD was 34.69% (17/49), well within the range reported in 
the previous literature [3–7].

Our study proved that non-enhancing AD had a 100% 
negative predictive value for malignancy.

The study by Goh et  al. [15] in 2021 showed that the 
absence of enhancement in ADs had 100% negative pre-
dictive value for malignancy. A study by Patel et al. [16] 
in 2017 evaluated the role of CEM in predicting malig-
nancy in 49 architectural distortions. In their research, 
all except one architectural distortion which did not 
enhance were benign. One malignant AD thought to have 
no enhancement was in the background of marked BPE.

We described five CEM parameters to differenti-
ate benign and malignant AD. Among them, three were 
described first in the literature and were C/T ratio, 
enhancing morphology and relative change in density.

We found that when AD showed no or mild enhance-
ment, non-mass morphology with an enhancement 
size of ≤ 0.95  cm and C/T ratio of ≤ 1.31 in recombined 
images, they were more likely to be benign. Architectural 
distortions, seen as moderate or marked density-enhanc-
ing masses with an enhancement size > 0.95  cm and a 
C/T ratio of > 1.31 in recombined images, were highly 
suspicious of malignancy.

Table 2  Basic demographics and distribution of benign and 
malignant lesions

Parameter Value

Age

 Median 51 years

 Range 34–72 years

Breast density category

 Almost entirely fatty 1 (2.0%)

 Scattered 11 (22.4%)

 Heterogeneously dense 31 (63.3%)

 Extremely dense 6 (12.2%)

Background parenchymal enhancement

 Minimal 6 (12.24%)

 Mild 21 (42.86%)

 Moderate 18 (36.73%)

 Marked 4 (8.16%)

Malignancy 17 (34.69%)

 Invasive ductal carcinoma 11 (64.71%)

 Invasive lobular carcinoma 3 (17.65%)

 Ductal carcinoma in situ 2 (11.76%)

 Tubular carcinoma 1 (5.88%)

Benign lesions 32 (65.3%)

 Complex sclerosing lesion 1 (3.12%)

 Sclerosing adenosis, 8 (25%)

 Stromal sclerosis, 6 (18.75%)

 Fibrocystic disease with focal fibroadenomatoid hyper-
plasia

1 (3.12%)

 Fibrocystic change 12 (37.5%)

 Intraductal papilloma with usual ductal hyperplasia 1 (3.12%)

 Atypical ductal hyperplasia 3 (9.37%)
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Table 3  Association of CEM characteristics with malignant AD

Characteristics Benign Malignant Sensitivity (%) Specificity (%) PPV# (%) NPV* (%)

2D/Tomosynthesis detected DBT detected 25/32
(78.13%)

5/17
(29.41%)

70.6 78.1 63.2 83.3

2D and DBT detected 7/32
(21.87%)

12/17
(70.59%)

Enhancement Absent 9/32
(28.12%)

0/17
(0%)

100 28.12 42.5 100

Present 23/32
(71.88%)

17/17
(100%)

Density of enhancement Absent/mild 26/32
(81.25%)

2/17
(11.76%)

88.2 81.3 71.4 92.9

Moderate/marked 6/32
(18.75%)

15/17
(88.24%)

Enhancement Size (in cm) ≤ 0.95 17/23
(73.92%)

5/17
(29.41%)

70.6 73.9 66.7 77.3

 > 0.95 6/23
(26.08%)

12/17
(70.59%)

Contrast/Tomo (C/T) ratio ≤ 1.31 20/23
(86.96%)

4/17
23.53%)

76.5 87 81.3 83.3

 > 1.31 3/23
(13.04%)

13/17
(76.47%)

Enhancing morphology Non-mass enhancement 21/23
(91.30%)

4/17
(23.53%)

76.5 91.3 86.7 84

Mass 2/23
(8.70%)

13/17
(76.47%)

Relative change in density—
early versus delayed

Increase/no change 23/23
(100%)

9/17
(52.95%)

47.1 100 100 71.9

Decrease 0/23
(0%)

8/17
(47.05%)

Fig. 4  a–c a Spot tomosynthesis image shows an architectural distortion in the upper central quadrant of the left breast (white arrow). On 
post-contrast recombined images b and c there was no enhancement of the architectural distortion. On histopathology, it was proven to be 
sclerosing adenosis and is concordant
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A study by Goh et  al. [15] in 2021, in addition to the 
presence or absence of enhancement, also studied 
several CEM features such as degree enhancement of 
AD, enhancing morphology (enhancement as foci versus 
mass and non-mass enhancement), size of enhancement 
with the size cut-off and enhancing spiculations. Factors 
showing significant association with malignancy in 
their study were marked intensity of enhancement and 
presence of enhancing spiculations.

The three new CEM parameters we have described in 
this study also had high diagnostic accuracy. When the 
C/T ratio is > 1.31, the sensitivity, specificity, PPV and 
NPV in predicting malignancy were 76.5%, 87%, 81.3% 
and 83.3%, respectively. When AD presents as a mass 
rather than a non-mass enhancement in recombined 
images, the sensitivity, specificity, PPV and NPV in pre-
dicting malignancy were 76.5%, 91.3%, 86.7% and 84%, 
respectively.

Fig. 5  Distribution of benign and malignant histopathology based on the AD score

Fig. 6  a–e CEM features of a benign AD (marked by white arrows in a–c). a Tomosynthesis image shows an architectural distortion in the inner 
quadrant of the left breast. Post-contrast recombined CC (early, b) and MLO (delayed, c) images show heterogeneous focal non-mass enhancement 
in the area of architectural distortion. The density of enhancement is mild, enhancing size is 0.7 cm (< 0.95), contrast/tomo ratio is 1.2 (< 1.31) 
(d and e), and there is relative increase in density in delayed phase compared to early phase. The architectural distortion score is 0. Final 
histopathology was radial scar which is concordant
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If the AD shows washout in the delayed image, which 
was subjectively assessed by comparing the density of 
enhancement in CC (early) and MLO (delayed) views, 
it is more likely to be malignant. This had 100% positive 
predictive value. This parameter is identical to the wash-
out kinetics in MRI [17].

Using this simple, reproducible and novel scoring 
system based on CEM parameters of AD described in 
this study, we can differentiate benign and malignant 
ADs. ADs with a score of 0 had a 100% negative 
predictive value for malignancy, similar to non-
enhancing AD. Hence, a benign biopsy report is 
considered concordant, and the patient can be safely 

Fig. 7  a–e CEM features of a malignant AD (Marked by white arrows in a–c). a Spot tomosynthesis image shows an architectural distortion 
in the upper quadrant of the right breast. Post-contrast recombined CC (early, b) and MLO (delayed, c) images show heterogeneously enhancing 
irregular mass in the area of architectural distortion. The density of enhancement is marked, enhancing size is 1.72 cm (> 0.95), contrast/tomo ratio 
is 2.1 (> 1.31) (d and e) and there is relative decrease in density in delayed phase compared to early phase. The architectural distortion score is 5. 
Final histopathology was invasive ductal carcinoma and is concordant

Fig. 8  a–e CEM features of a malignant AD (Marked by white arrows in a–c). a Spot tomosynthesis image shows an architectural distortion 
in the upper outer quadrant of the right breast. Post-contrast recombined CC (early) and MLO (delayed) images b and c show non-mass 
enhancement in the area of architectural distortion. The density of enhancement is marked, enhancing size is 1.81 cm (> 0.95), contrast/tomo 
ratio is 1.5 (> 1.31) d and e and there is relative decrease in density in delayed phase compared to early phase. The architectural distortion score 
is 4. Biopsy from the AD was suggestive of benign proliferative breast disease which was considered discordant and she was referred for surgical 
excision. Final histopathology was suggestive of invasive lobular carcinoma, lobular carcinoma in situ, atypical lobular hyperplasia, sclerosing 
adenosis and intraductal papillomatosis
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followed up. In future, a biopsy may be avoided entirely. 
When the AD scored three or more using the described 
CEM parameters, it was always malignant. A benign 
biopsy report for a score of 3 and above should be 
considered discordant, and further surgical excision is 
recommended to exclude malignancy.

The score of 1 and 2 could be considered a grey zone 
because the benign and the malignant causes overlap.

Limitations
The study has a few limitations. Firstly, it was a retro-
spective single-centre study with a limited sample size, 
but our results were consistent with other retrospec-
tive studies. Secondly, inter-reader agreement was not 

checked for the described CEM parameters. Lastly, as 
the study aimed to study the utility of CEM, compari-
son with other modalities like MRI was not evaluated.

Conclusions
In primary architectural distortion, several CEM fea-
tures were significantly associated with final pathology, 
the scoring system appears to be promising and may 
help to recommend appropriate management. There 
may be a paradigm shift in the imaging and manage-
ment recommendations of AD with the use of CEM in 
future.
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