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Abstract

Background: Differentiating benign from malignant breast
inflammatory conditionsis crucia because they have totally
different prognosis and management. Ultrasound Elastography
can be used as a noninvasive tool for ng inflammatory
breast lesions. Strain Elastography can help pickup malignant
inflammatory breast |esions and subsequently guide biopsy,
while ruling out benign inflammatory lesions and sparing the
patient unnecessary procedures.

Aim of Sudy: Assess the diagnostic performance of strain
ultrasound elastography added to the conventional B-mode
ultrasound in evaluating inflammatory breast lesions.

Patients and Methods: This study includes 33 female
patients presenting with mastitis in the time period from
September 2018 to October 2019. All breast lesions were
assessed by Conventional B-mode ultrasound and Strain
Elastography. Qualitative color-coded E-scoring and Semi-
quantitative SR (strain ratio) evaluation of the sonoelasto-
graphic images were performed. The results were compared
to histopathol ogic diagnoses or follow-up for 2 weeks after
antibiotic therapy, serving as reference standard.

Sensitivity, specificity, positive predictive values (PPV),
negative predictive value (NPV) and total accuracy were
calculated for conventional B-mode ultrasound, and Strain
elastography separately and then combined together.

Statistical analysis was done using IBM© SPSSO Statistics
version 22 (IBM® Corp., Armonk, NY, USA). Kappa test
tests were two-tailed. A p-value <0.05 was considered signif-
icant.

Results: Combined US and Elastography yielded the
highest accuracy (96.2%) and Specificity (96%). E-score
qualitative elastography yielded better accuracy (90.9%) and
Specificity (90.3%) than Strain ratio, semiquantitative elas-
tography.
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Introduction

INFLAMMATORY breast lesions can be caused
by awide range of etiological factors, whether
infectious, non infectious or malignancy. In some
cases, clear cut clinical and imaging differences
between benign and malignant mastitis can be
challenging which may hinder the diagnosis and
management of these patients [1].

Ultrasound Elastography offers a non-invasive
tool for assessment of breast lesions through eval-
uating lesion el adticity/stiffness because malignant
lesions tend to be more stiff (harder) than benign
ones. It has two main techniques, Strain elastogra-
phy (SE) that uses vibration energy either by ex-
ternal manual compression or intrinsic movement
such as breathing and Shear wave elastography
(SWE) in which the ultrasound machine itself
provides the vibration energy [2].

Thisis a prospective study to assess the added
value of Ultrasound Elastography in terms of ac-
curate diagnosis and consequent guidance for
management planning of inflammatory Breast
lesions.

Material and M ethods

This prospective study includes 33 female pa-
tients presenting with mastitis during the time
period from September 2018 to October 2019.
Their age ranged from 19 to 70 years with mean

Abbreviations:

US  : Ultrasound.

SR : Strain ratio.

ROI  : Region of interest.

PPV  : Positive predictive value.

NPV Negative predictive value.
DLBC : Diffuselarge B-cell lymphoma.
IDC :Invasive duct carcinoma.
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age 36.6% 10. The patients were referred from Kasr
Alainy Breast outpatient clinic to the Radiology
(Breast imaging) department. Patients presenting
with mastitis were included whereas those present-
ing with pathologically proven inflammation or
malignancy were excluded from the study.

All patients were examined using conventional
B-mode US as well as Strain US Elastography
after an informed written consent was obtai ned
from the patientswith approval of our institutional
ethical committee. Examinations, both B-mode US
and elastography, were performed by two consult-
ants of radiology, with at least 10 years of experi-
ence in breast imaging, who were blinded to each
other's analysis.

Final diagnosis, our gold reference standard,
was made upon follow-up for 2 weeks after anti-
biotic treatment or on the histopathological diag-
nosis of biopsy specimens. Biopsy was performed
for lesions that were considered suspicious or didn't
improve on empirical antibiotic treatment.

Examinations were carried out using a high-
end ultrasound system General Electric (GE) Logic
7 & Logic 8, using multi-frequency linear probe
operating at 6 to 15MHz. The scanning protocol
included transverse and longitudinal real-time
imaging of areas of concern. A split-screen imaging
mode (twin images) was used for conventional US
and US elastography so as to obtain identical
images optimal for accurate application for region
of interest (ROI) and strain ratio (SR) measurement
later on.

B mode US:

Some or all of the following signs (that indicate
inflammation) were confirmed:

- Echogenic, edematous fat |obules.

- Interstitial edema.

- ll1-defined collections and well defined abscess
cavities.

- Retro areolar duct system dilatation.

- Thickened skin (>2mm).

- Mass lesions whether cystic or solid in nature,
shape, boundary, orientation, margin, echo pat-
tern, and posterior acoustic features, * calcifica-
tions.

Lesions were classified according to the Amer-
ican College of Radiology Breast Imaging Report-
ing and Data System (BI-RADS) for B-mode ul-
trasonography as follows: Category 2 lesions were
classified as benign; category 3 as probably benign;

category 4 as suspicious for malignancy; category
5 as highly suggestive of malignancy.

Ultrasound elastography:

Strain elastography examinations were carried
out through qualitative color coded Elasticity soring
(E-score) and the semiquantitative strain ratio (SR)
measurement. Regarding E-scoring, images were
obtained by placing the transducer with coupling
gel on the skin and then the lesion is subjected to
repeated manual compression and decompression.
Color-coding is superimposed on the translucent
B-mode images. According to Itoh et al., [3] images
obtained in the early phase of compression were
sel ected because these images provide the best
contrast. Images were generated in a color range
from red to blue. The softest part of the lesion was
illustrated in red, showing the highest strain, where-
as the hardest part with almost no strain wasillus-
trated in blue. Areas of intermediate elasticity were
shown in green. Elasticity scoring (E-score) was
based on 5-point scoring method (Tsukuba scoring
system) proposed by Itoh et al., [3], where Score
1,2, & 3 are considered benign and score 4& 5
malignant.

- Score 1 indicated even strain for the entire lesion
(i.e., the entire lesion was evenly shaded in
green).

- Score 2 indicated strain in most of the lesion,
with some areas of no strain (i.e., the lesion had
amosaic pattern of green and blue).

- Score 3 indicated strain at the periphery of the
lesion, (i.e., the peripheral part of lesion was
green, and the central part was blue).

- Score 4 indicated no strain in the whole lesion
(i.e., the whole lesion was blue, but its surround-
ing area was not included.

- Score 5 indicated no strain in the entire lesion or
in the surrounding area (i.e. the whole lesion and
the surrounding breast tissue were blue).

To calculate the Strain ratio (SR), normal -
appearing breast region approximately at the same
level of the concerned lesion was elicited as an
internal reference (ROI 1) and the lesion was
selected asregion of interest 2 (ROI 2), to correctly
determine the difference in hardness of the lesion
compared with the surrounding normal tissue. The
strain ratio was automatically obtained.

ROC curve and Cut off-value:

Receiver operator characteristic (ROC) curve
plotting sensitivity against (1-specifity) of US
BIRADS classification, E-score and Strain ratio
isshown in (Fig. 1) below. Areaunder the curve
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was 0.9, 0.92, and 0.95 for BIRADS, strain ratio
and E-score respectively. Thisin turn regjects the
null hypothesis (area=0.5) with a significantp value
of 0.05, 0.04 and 0.03 respectively. Interpretation
of the ROC curve shows the following cut-off
values, BIRADS (4), E-score (4) and strain ratio
of (3.85).

ROC Curve
1.0
BIRADS
0.8 E-score
> Strain ratio
s 06
3
(% 04
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. (1): ROC curve of BIRADS, E-score and Strain ratio.

Results

The patients' age ranged from 19 to 70 years
with mean age 36.6+ 10 (mean * SD). Eighteen
patients (54.5%) presented with a breast lump,
while fifteen patients (45.5%) presented with dif-
fuse breast swelling. Patients had variable risk
factorsincluding diabetes (nine patients), lactation
(eight patients), five patients (15.2%) had previous
breast surgery (CBS), and one patient (3%) gave
history of previous TB infection.

10 cases showed complete resolution after
antibiotic therapy (30.3%), whereas Tru-cut biopsy
or fine needle aspiration cytology was performed
for 23 cases (69.7%), as shown in Table (1).

Table (1): Shows the final diagnosisof the patients partic-
ipating in the study. In patients with breast abscess (10 cases)
follow-up after 2 weeks showed complete resolution after
empirical antibiotic treatment. For the rest of the cases (23
cases) histopathological diagnosis was made by means of true
cut biopsy or fine needle aspiration cytology.

Diagnosis Number of patients (%)
Benign:
Breast abscess 10/33 (30.4%)
Granulomatous mastitis 7/133 (21.2%)
Fat necrosis 6/33 (18.2%)
Simple mastitis 4/33 (12.1%)
Infected sebaceous cyst 2/33  (6.1%)
Post-Irradiation changes 133 (3%)
TB axillary adenitis 133 (3%)
Malignant:
Invasive duct carcinoma 133 (3%)

Diffuse large B-cell lymphoma 133 (3%)
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Over half of the patients (54.5%) presented
with breast lump as their main concern. These
lesions proved to be benign, as shown in Table (2).
On the other hand, the two patients presenting with
malignancy had diffuse inflammation.

Table (2): Presents the number of patients presenting with
breast mass as the dominant feature and their final

diagnosis.

] ] No. of patients presenting
Diagnosis with masses (%)
Breast abscess 8/18 (44.4%)

Fat necrosis 6/18 (33.4%)

Granulomatous mastitis
Infected sebaceous cyst

2/18 (11.1%)
2/18 (11.1%)

Conventional B-mode USand Semi quantitative
SR Elastography:

Most of the lesions (81.8%) were categorized
as benign on conventional B-mode US as shown
in Table (3). Most of these benign lesions were
classified as BIRADS 3, whereas most of the US-
diagnosed malignant lesions were classified as
BIRADSA4.

Table (3): Shows BIRADS classification of breast lesions by
conventional B-mode US.

BIRADS No. of patients (%)
Benign:

I 2(6.1%)

Il 25 (75.7%)
Malignant:

v 5 (15.2%)

\Y, 1 (3%)

Semi-quantitative SR elastography revealed
wide range of SR valuesfrom 0.2 to 10 as shown
in Table (4). The range for benign lesions was
between 0.2 and 10 with amean strain ratio of 2
and a standard deviation of (+2). On the other
hand, malignant lesions showed a strain ratio of 4
for DLBCL and 7 for invasive duct carcinoma,
with an average strain ratio of 5.5 and a standard
deviation of (+2.1).

Table (4): Shows mean strain ratio according to diagnosis.

Diagnosis Mean strain ratio (range)
Breast abscess 12 (0.2-2.2)
Granulomatous mastitis 1.6 (0.4-3.7)

Fat necrosis 4.6 (0.8-10)
Simple mastitis 1.6 (0.3-34)
Infected sebaceous cyst 12 (0.8-1.7)
Post-irradiation changes 27

TB axillary adenitis 0.2

Invasive duct carcinoma 7

DLBCL 39
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Both conventional B-mode US and Semi quan-
titative strain ratio Elastography showed similar
results (using SR cutoff value of 3.85). Out of 33
patients, 27/33 lesions were diagnosed as benign,
all of which turned out to be benign by Pathology
(NPV=100%). 6 patients were diagnosed as malig-
nant, only 2 of them had malignant pathology
(PPV=33.3%;), one patient with IDC, and another
with DLBCL. The remaining 4 patients (66.7%;
false positive) had benign pathology, which proved
to be fat necrosis. The calculated sensitivity of
conventional US and Semi quantitative SR elas-
tography was 100%, specificity was 87%, and the
total accuracy was 87.8%. The PPV and NPV were
33.3%, and 100% respectively.

Qualitative elastography:

The distribution of elastography scores for
different breast lesionsisillustrated in Table (5).
Lesions that scored 1, 2, & 3 were considered
benign (28/33 cases, 84.8 %), whereas |esions that
scored 4 (5/33 cases, 15.2%) were considered
malignant.

Table (5): Shows number of patients according to Qualitative

Elastography.
E-Score No. patients (%)
Benign:
| 3(9.1%)
Il 19 (57.5%)
11 6 (18.2%)
Malignant:
v 5 (15.2%)

Fig. (2): 45 year old patient
presenting with right breast
lump. She has history of con-
servative breast surgery. B-
mode US (A) Shows irregular
lesion with heterogeneous @
echogenicity, ill-defined mar-
gins, showing peripheral hyper-
vascularity (B), SR6.2(C),and  (C)
E-score 4 (D). US guided core
biopsy was performed and his-
topathological analysis re-
vealed fat necrosis.

Qualitative E-score US showed dlightly better
results. Out of 33 patients, 28 lesions (84.8%) had
benign E-score, al of which turned out to be benign
by Pathology (100% NPV). Five patients (15.2%)
were diagnosed as malignant and had E-score of
4. Two of these 5 (40% PPV) had malignant pa-
thology as IDC and DLBCL. The remaining 3
patients had benign pathology (60%; false positive),
two cases of fat necrosis and one case of granulo-
matous mastitis. The calculated sensitivity of E-
score was 100%, specificity was 90.3%, and the
total accuracy was 90.9%. The PPV and NPV were
40%, and 100% respectively.

The calculated sensitivity of Combined US/
Elastography was 100%, specificity was 96%, and
the total accuracy was 96.2%. The PPV and NPV
were 66.7%, and 100% respectively.

Analyzing 10 patients with breast abscess,
results show that the strain ratio ranged between
0.2 and 2.2 with amean of 1.2 and standard devi-
ation of +0.6. On the other hand, qualitative elas-
tography results showed that 8/10 patients (80%)
had an E-score of 2. One patient (10%) had an E-
score of 1 and another had an E-score of 3.

Patients with granulomatous mastitis had a SR
ranging between 0.4 and 3.7 with amean of 1.6
and standard deviation of +1.2. On performing
qualitative elastography results showed that 4/7
patients (57.1%) had an E-score of 2. One patient
had an E-score of 1, another had an E-score of 3
and finally one patient with an E-score of 4.

(B)

(D)
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The strain ratio in patients with fat necrosis
ranged between 0.8 and 10 with amean of 4.6 and
standard deviation of £3.3. Qualitative elastography
results showed that 3/6 patients (50%) had an E-
score of 2. One patient had an E-score of 3 and 2
patients had an E-score of 4.

(A) (B)

(D)
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On analyzing 4 patients with simple mastitis,
results show that the strain ratio ranged between 0.3
and 3.4 with amean of 1.6 and standard deviation of
+1.3. Qualitative elastography results showed that
2/4 patients (50%) had an E-score of 2. One patient
had an E-score of 1 and another had an E-score of 3.

(©)

(E)

Fig. (3) 38 year old diabetic female patient presenting with right breast lump and mastalgia resistant to antibiotic treatment
of one month duration. B-mode US (A) Showed large hypoechoic retroareolar lesion with echogenic fat lobules and
intercommunicating ill-defined collections associated with focal skin thickening measuring 4.6mm and increased vascul arity
on color Doppler application (B). Lesion was classified as BIRADS IV. Ipsilateral axillary lymph nodes (C) were enlarged with
diffuse cortical thickening reaching 6mm with effaced fatty hilum. SR was 1.5 (D), and E-score was 2 (E). Ultrasound guided

core hiopsy revealed granulomatous mastitis.
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(A)

(€)

(E)

(B)

(D)

Fig. (4): 35 years old female, presented with left breast swelling and mastalgia of 2 months duration with no response to
medical treatment. B-mode breast US (A) & (B) Shows marked diffuse inflammatory changes in form of echogenic fat |obules,
interstitial edema, marked diffuse thickening of the overlying skin reaching 11.6 mm and hypervascularity on color Doppler
application (BIRADS V). (C) & (D) reveal pathologically enlarged axillary lymph nodes. SR is 7 (E) E-scoreis 4 (F). US
guided core needle biopsy was done and yielded invasive duct carcinoma grade I1.

Discussion

Differentiating benign from malignant mastitis
can present aclinical and aradiological diagnostic
challenge. Both have totally different approaches
and prognosis, which makes differentiation crucial.
Empirical antibiotic medical treatment and watchful
waiting used in benign mastitis can negatively
impact inflammatory carcinoma patients [4,5].

To our knowledge, few published studies were
exclusively dedicated for the discussion of different
breast inflammatory lesions by Strain Elastography.
In the present study we evaluated the diagnostic
performance of Strain elastography in different
inflammatory breast conditions and its ability to
pick up the malignant lesions and guide biopsy.
We used the qualitative color-coded E-scoring and

semi quantitative SR methods in addition to con-
ventional B-mode ultrasound.

Our study included 7 cases of granulomatous
mastitis. The strain ratio ranged from 0.4-3.7, with
amean of 1.6 1.2 (SD). All cases of granulomatous
mastitis had Elasticity score of 1 to 3 and only one
patient with score 4. These results are consistent
with two studies by Yag~c1 et al., [6] and Durur-
Karakayaet a., [7] investigating strain elastography
in idiopathic granulomatous patients. They con-
cluded SR of granulomatous mastitistobe 1.5 *
0.8 (SD) (range: 0.2-4) [6] and 1.10+0.79 (range
0.29-4.00) [7 and Elasticity scores between 1 and
3.

Sousaris and Barr [§] conducted a study inves-
tigating the value of Strain Elastography in the
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differentiation between mastitis with abscess for-
mation and malignancy. Their study showed abscess
cavities to have a soft center and stiff rim which
isarare occurrence in malignant lesions that have
central areas of necrosis. In their work, the SR of
the central soft areas of these abscess cavities
ranged from 1.2 to 2.0 (mean, 1.4). Thisis compa-
rable to our results that showed abscess cavities
to have SR ranging between 0.2 and 2.2 with a
mean of 1.2.

Fat necrosis tends to be hard at pal pation with
false positive results on Elastography owing to
stiffness of thelesion [9]. Our results showed fat
necrosis had strain ratio ranging between 0.8 and
10 with amean of 4.6 and standard deviation of
+3.3. Thishigh strain ratio is due to the fact that
fat necrosis patientsin our study presented at early
stages of inflammation when the lesion is still hard
before the eventual liquefaction into oil cysts.
However, qualitative elastography results showed
that 4 patients had benign elasticity score of 2 and
3 and only 2 patients had a malignant score of 4.
Razaet a., [10] had similar results where 2 out of
3 cases of fat necrosis had a benign elasticity score
of 2 and one case had elasticity score of 4.

Our study included only 2 cases with inflam-
matory breast cancer (6% of cases), which isjus-
tified in part by the relative rarity of the disease
itself. It represents 2-3% of breast cancersin the
USA and 6-10% in North Africa [11] . Even though,
in the current study Elastography was successfully
able to highlight both cases as malignant (100%
sensitivity).

Asfar as our results showed, conventional B-
mode US and Semi quantitative SRElastography-
performed similarly yielding sensitivity of 100%,
specificity of 87%, and total accuracy of 87.8%.
The PPV and NPV were 33.3%, and 100% respec-
tively. Meanwhile, we observed better results with
Qualitative E-score with 100% sensitivity, 90.3%,
specificity and 90.9% total accuracy. The PPV and
NPV were 40%, and 100% respectively.

Different SR cutoff values were used in different
studies influenced by the US equipment used from
different manufacturers as well as the study popu-
lation itself [12] . On implementing cut off values
of 3.85 for semiquantitative SR, and score of 3 for
qualitative E-score, above which we considered
the lesion malignant, we achieved results compa-
rable to many studies [13-19] evaluating strain
elastography for differentiating benign from ma-
lignant breast lesions.
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Our results are in concordance with avariety
of studies using SR cutoff values close to ours.
Yerli et al., [14] used SR cut off value of 3.52 and
reported 80% sensitivity, 93% specificity, 93%
NPV, while Mutala et al., [13] used SR cutoff value
4.2 with reported 93% sensitivity, 96% specificity
and 96% NPV. Also Houelleu Demay et al., [19]
achieved 99% specificity when using SR value of
3.05.

In our study, on combining B-mode US and
Elastography the sensitivity was not affected re-
maining at 100%. On the other hand specificity
improved to 96%, as did the PPV and NPV to
66.7% and 100% respectively. Similar conclusion
was suggested by Zhao et al., [16] where adding
SR to routine US examination improved the spe-
cificity of breast US lesion assessment without a
loss of sensitivity. Bojanic et a., [20] also concluded
that combined US and SE yielded better results
than US alone.

We concluded that Color-coded Qualitative E-
score had dlightly higher specificity (90.9%) than
Semi quantitative SR Elastography (87%). Similar
results were obtained by Barr et al., [21] (87%
versus 81%), Bojanic et al., [20] (93% versus
87.6%), and Menezes et al., [22] (82.6% versus
74.6) who concluded E-score to be more sensitive
than SR in differentiating benign from malignant
lesions. However, Mutala et al., [13] reported no
significant difference between the two methods.
Regarding results of our work, further larger scale
studies for inflammatory breast diseases are re-
quired to compare the diagnostic performance of
both examinations.

The current study hasits limitations. The first
and major limitation being the small size of the
study population with poor representation of ma-
lignant pathology. In addition the lack of compar-
ative studies committed to exclusive assessment
of US Elastography in different inflammatory
breast lesions. Last but not |east the operator de-
pendence encountered on performing any non-
automated US examination.

Future larger scale studies should be carried
out to assess the added benefit of US Elastography
in inflammatory breast lesions. Furthermore, de-
termining a standard SR cutoff value to rule out
malignant inflammation.

Conclusion:

Strain Elastography using color-coded Elasticity
score and SR is a valuable noninvasive addition
to routine breast USin evaluating different inflam-
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matory breast lesions. It has the potentia to mitigate
unnecessary biopsies in patients with benign in-
flammation and affirm the decision for biopsy in
suspicious inflammatory lesions.
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