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Pseudoangiomatous stromal hyperplasia (PASH) is a benign mesenchymal tumor-like

lesion of the breast. It is commonly seen as incidental background changes of the
intralobular stroma in biopsy specimens performed for other breast lesions. Less
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Introduction

Pseudoangiomatous stromal hyperplasia (PASH) is a rare
benign mesenchymal tumor-like lesion of the breast with
no malignant potential. PASH was first described by Vuitch
et al as grossly circumscribed lesions with a distinct histo-
logical appearance of complex interanastomosing channels
lined by spindle stromal cells in the breast parenchyma
simulating the vascular spaces of low grade angiosarcoma.’
The lesions consist of dense hyalinized collagen bundles
that cause expansion of intralobular stroma and are dis-
sected by slit-like pseudovascular spaces lined by myofi-
broblasts. Majority of the lesions are discovered as
incidental microscopic findings in biopsy specimens of
other benign breast diseases. Less frequently, they are
identified on screening mammography or present as clini-
cally palpable breast lumps.? In this case series, we report
and discuss the spectrum of clinicoradiological manifesta-
tion of PASH including incidental PASH changes, nodular,
and diffuse PASH.
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frequently, it presents as a nodular form that has a benign morphology on imaging,
mimicking fibroadenoma or as a diffuse form causing progressive massive giganto-
mastia. Diagnosis is established by biopsy. Knowledge of the imaging appearance of
PASH not only facilitates proper assessment of radiopathological correlation but also
helps in deciding further management of these lesions. Occasionally, nodular PASH
may have a suspicious appearance on imaging wherein excision biopsy is indicated to
exclude a coexisting carcinoma.

Case Reports

We report 8 cases of PASH worked up at our hospital, of
which cases 1 to 5 were nodular PASH, case 6 was diffuse
PASH, and cases 7 and 8 were PASH changes seen in associa-
tion with benign breast lesions.

Cases1to5

Nodular PASH (=Figs. 1-5)—All the patients in this group
presented either for screening mammography with inciden-
tally identified lesions or with palpable lumps. Except for one
postmenopausal woman, all the others were in their fourth
and fifth decades of life. On mammogram, all the lesions
appeared as equal density masses and showed either circum-
scribed or obscured margins. Coarse calcification was noted
in one of the lesions and no associated feature was seen in
any of them. Contrast-enhanced mammography was per-
formed in two lesions that showed heterogeneous persistent
enhancement in one and minimal enhancement in the other.
On ultrasound, the lesions appeared oval or irregular and
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Fig. 1 Case 1. Incidentally detected nodular pseudoangiomatous stromal hyperplasia in a patient with mastalgia. Craniocaudal and
mediolateral oblique images of left breast (A, B) show an oval equal density lesion with circumscribed margins in upper outer quadrant, showing
no significant enhancement on recombined postcontrast images (C, D). On ultrasonography, the lesion appears hypoechoic with indistinct
margins and cystic spaces (E), shows mild vascularity (F), and is soft on elastography (G). On magnetic resonance imaging, the lesion shows
intermediate signal intensity on axial T1-weighted (H) and T2-weighted inversion recovery (1) images with no diffusion restriction on diffusion-
weighted image and apparent diffusion coefficient map (arrow in |, K). On early and delayed postcontrast subtracted images, minimal
enhancement is observed (arrowhead in L, M). (N) Photomicrograph (40x magnification; hematoxylin and eosin stain) showing collagenized
sparsely cellular stroma with slit-like spaces (arrow) rimmed by spindled myofibroblasts (arrowhead).
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Fig. 2 Case 2. Nodular pseudoangiomatous stromal hyperplasia identified on screening mammogram. Craniocaudal and mediolateral oblique
images (A, B) of left breast show oval equal density lesion (arrow) with obscured margins in outer central quadrant with heterogeneous
enhancement in recombined postcontrast images (C, D). On ultrasound (E), the lesion appears oval, hypoechoic with indistinct margins and
cystic spaces (arrow) and was soft on elastography (not shown). (F) Photomicrograph (40x magnification; hematoxylin and eosin stain) showing
collagenized stroma with slit-like spaces (arrow) lined by slender myofibroblasts (arrowhead).

showed either indistinct or circumscribed margins. Cystic
spaces were observed in three of the lesions and all were soft
on elastography. Minimal internal vascularity was observed
in all the lesions.

All were categorized as BIRADS 4 either because of
atypical imaging appearance (cases 1, 2, 3, 5) or because of
the age at presentation (case 4) and biopsy was performed.
Core biopsy specimens of the lesions revealed stromal hyali-
nization with slit-like spaces rimmed by spindled myofibro-
blasts consistent with PASH. Since the radiopathological
findings were concordant, surgery was deferred and fol-
low-up advised in all of them. Magnetic resonance imaging
(MRI) was performed in case 1 that showed intermediate
signal intensity of the lesion on T1-weighted (T1W) and T2-
weighted (T2W) images with no diffusion restriction and
minimal postcontrast enhancement.

Case 6

Diffuse PASH (~Fig. 6)—A 47-year-old female presented with
progressive painless increase in size of both breasts over the
past few years. On examination, the breasts were massively
enlarged with multiple vaguely palpable lumps. Mammo-
gram showed increased density of both breasts with multiple
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oval and round equal density lesions showing circumscribed
and obscured margins diffusely involving the parenchyma.
Ultrasound correlation revealed multiple round and oval
heterogeneous lesions of varying sizes with minimal vascu-
larity diffusely involving both breasts and appearing soft on
elastography. MRI was performed for further characteriza-
tion that showed multiple lesions with circumscribed mar-
gins, replacing the breast parenchyma. The lesions appeared
hypointense on TIW and T2W images and showed delayed
progressive contrast enhancement. Interspersed hyperin-
tense slit-like areas and cysts were seen in the lesions on
T2W inversion recovery (IR) images. Biopsy from lesions in
both breasts showed sparse terminal duct-lobular units and
hyalinized collagenous stroma with many slit-like angulated
spaces lined by spindled cells suggestive of PASH. The patient
was not willing for surgery and hence was advised follow-up.

Cases 7 and 8

Benign lesions with incidental PASH changes (~Figs. 7, 8)—
Both the patients presented with breast lumps that on
mammogram and ultrasound showed benign features sug-
gestive of fibroadenoma. Though the imaging appearance
was benign, the patients opted to get the lesions removed
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Fig. 3 Case 3. Nodular pseudoangiomatous stromal hyperplasia presenting as a palpable lump. Craniocaudal and mediolateral oblique images
(A, B) of the right breast show an equal density lesion with obscured margins in the retroareolar region (arrowhead). On ultrasound, the lesion
appears hypoechoic with partly circumscribed and partly indistinct margins with a few cysts along the posterior aspect (C), shows mild

vascularity (D), and appears soft on elastography (E).

because of palpability and hence vacuum-assisted excision
was performed. Histopathology revealed ducts lined by
bilayered epithelium and background collagenized stroma
intervened by slit-like spaces rimmed by slender myofibro-
blasts suggestive of fibroadenoma with PASH like stroma.
Further details of the cases are presented in =Table 1.

Discussion

PASH is a rare benign mesenchymal tumor of the breast. The
name is derived from the characteristic histopathological
stromal appearance of the lesion consisting of complex
intercommunicating empty spaces lined by spindle shaped
myofibroblasts simulating the endothelium lined vascular
spaces seen in low-grade angiosarcoma.' Hormonal role has
been postulated in the pathogenesis of PASH, evinced by the
fact that it commonly occurs in premenopausal women and
that the spindle cells in PASH demonstrate estrogen and
progesterone receptor positivity. Less commonly, PASH
occurs in postmenopausal women on hormonal replacement
therapy and in men with gynecomastia.> Also, the stromal
appearance of PASH consisting of pseudoangiomatous spaces
resembles the normal changes observed in the hormone
responsive intralobular stroma during the luteal phase of
menstrual cycle.

It is hypothesized that PASH results from deviant re-
sponse of myofibroblasts to the hormones resulting in
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abnormal expansion of intralobular stroma. Though a
wide age range of involvement has been reported including
premenarchal girls and postmenopausal women, women in
the fourth and fifth decades are the most affected as was
observed in our cases.>*> Clinicopathological spectrum of
PASH includes the nodular and diffuse forms that are
relatively rare entities and PASH changes of the mammary
stroma that are common incidental background stromal
findings in biopsy specimens of other benign and malignant
breast pathologies.

Incidental PASH Changes

PASH is mostly seen as an incidental pathological finding in
biopsy specimens performed for other breast lesions. In a
retrospective analysis of 200 consecutive breast biopsy and
mastectomy specimens, Ibrahim et al reported that 23%
showed at least one microscopic focus of incidental PASH
changes.? Kelten et al similarly reported that 37 out of 412
core needle biopsy specimens (9%) had background PASH
changes.® Breast pathologies associated with PASH changes
include fibrocystic changes, fibroadenoma, sclerosing lobu-
lar hyperplasia, benign breast parenchyma with stromal
fibrosis, columnar cell hyperplasia, and invasive carcinoma.
Though PASH is a benign entity and does not have increased
risk of malignant transformation, there are reports of PASH
occurring in the setting of invasive carcinoma.” In a large
retrospective study of the Mayo Benign Breast Disease
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Fig. 4 Case 4. Nodular pseudoangiomatous stromal hyperplasia incidentally detected on screening mammogram. Craniocaudal and
mediolateral oblique views of the right breast show an irregular equal density lesion with circumscribed margins and coarse calcification in the
upper outer quadrant (A, B). On ultrasound, the lesion appears hypoechoic with circumscribed margins (C), no significant vascularity (D) and is

soft on elastography (E) resembling a fibroadenoma.

Cohort consisting of 9,087 women aged between 18 and
85 years, Degnim et al reported that PASH was identified in
6.4% biopsies and that PASH was not associated with in-
creased risk of developing breast cancer in future.® Ferreira
et al reported a case of invasive ductal carcinoma in the

background of PASH; the malignant focus measured 9mm
and was totally within the confines of PASH that was other-
wise grossly well circumscribed on excision biopsy. The
authors inferred it to be an incidental association rather
than malignant degeneration of PASH.> PASH has also been

Fig. 5 Case 5. Nodular pseudoangiomatous stromal hyperplasia presenting as a breast lump. Craniocaudal and mediolateral oblique (MLO)
views of the right breast (arrow in A, B) show an oval equal density lesion with obscured margins in the upper outer quadrant. MLO view
tomosynthesis image shows better definition of the lesion margins (C). On ultrasound, the lesion appears oval, isoechoic with circumscribed

margins (D) and with mild internal vascularity (E).
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Fig. 6 Case 6. Diffuse pseudoangiomatous stromal hyperplasia causing gigantomastia. Craniocaudal (A, B) and mediolateral oblique (C, D)
images of both breasts show diffusely increased density with multiple equal density lesions having obscured margins extensively involving the
parenchyma. Ultrasound images show circumscribed heterogeneous lesions with minimal vascularity involving the breast parenchyma (E, F).
Multiple such lesions were seen diffusely involving the breasts. Magnetic resonance images demonstrate the lesions showing intermediate signal
intensity on T1-weighted (TTW) and T2W (T2W) images with interspersed slit-like areas appearing hypointense on TTW image (arrow in G),

hyperintense on T2W image (arrow in H). A cyst is also seen in the T2W image (arrowhead in H). No diffusion restriction is observed in diffusion-
weighted image and apparent diffusion coefficient map (1, J). The lesions show persistent heterogeneous enhancement in early and delayed
subtracted postcontrast images (K, L). (M) Photomicrograph (40x magnification; hematoxylin and eosin stain) showing sparse terminal duct
lobular units and hyalinized collagenous stroma with many slit-like spaces (arrow) lined by spindled myofibroblasts (arrowhead).
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Fig. 7 Case 7. Fibroadenoma with pseudoangiomatous stromal hyperplasia changes. Craniocaudal and mediolateral oblique images (A, B) of
the right breast show an oval equal density lesion (arrowhead in (B) with circumscribed margins in the lower inner quadrant. The lesion on
ultrasound appears oval, hypoechoic and shows circumscribed margins (C, D).

Fig.8 Case 8. Fibroadenoma with incidental pseudoangiomatous stromal hyperplasia changes. Ultrasound image (A) shows an oval hypoechoic
lesion with circumscribed margins typical of fibroadenoma. (B) Photomicrograph (40x magnification; hematoxylin and eosin stain) showing
ducts lined by bilayered epithelium (arrow) and intervening collagenized stroma with slit-like spaces lined by slender myofibroblasts

(arrowhead).

reported as an incidental finding in 24 to 47% of men with
gynecomastia.’

Nodular PASH

Nodular PASH is a rare entity with an incidence of 0.4% in
breast biopsies.'® It may either present as a palpable
breast lump or may be incidentally identified on imaging.
The lesions are usually firm, nontender, and mobile on
palpation and may either remain stable, enlarge, or regress
in size on follow-up. They may be of varying size at
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presentation and lesions as large as 20cm are reported
in literature.

As was observed in our series, nodular PASH lesions
frequently have a benign morphology on mammogram
appearing as oval or round equal density lesions with
circumscribed or obscured margins. Less commonly they
present as focal asymmetries. Calcifications are rare. In the
study by Celliers et al, most of the PASH lesions with
calcifications had a primary diagnosis of other benign breast
disease with incidental PASH changes in stroma.'’

Vol. 32 No. 4/2022 © 2022. Indian Radiological Association. All rights reserved.
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Ultrasound

Final
diagnosis

Oval equal density lesion with
circumscribed margins in up-
per outer quadrant of left

Oval hypoechoic lesion with
indistinct margins and cystic
spaces, showing minimal vas-
cularity and appearing soft on
elastography

Nodular PASH

Oval equal density lesion with
obscured margins in outer
central quadrant of left breast

Oval hypoechoic mass with in-
distinct margins and a few
cystic spaces, soft on
elastography

Nodular PASH

Oval equal density lesion with
obscured margins in retroar-
eolar region of left breast

Oval hypoechoic lesion with
partly circumscribed and partly
indistinct margins, soft on
elastography

Nodular PASH

Irregular equal density lesion
with circumscribed margins

and coarse calcification in the
upper outer quadrant of right

Irregular hypoechoic lesion
with circumscribed margins,
soft on elastography

Nodular PASH

Oval equal density lesion with
obscured margins in upper
outer quadrant of right breast,
stable since the previous

Oval hypoechoic lesion with
circumscribed margins and
minimal internal vascularity,
soft on elastography

Nodular PASH

Bilateral enlarged breasts with
increased density and multiple
oval/round equal density

circumscribed/obscured mar-
gins diffusely involving the

Multiple oval heterogeneous
masses of varying sizes dif-
fusely involving both breasts
with minimal vascularity and
appearing soft on elastography

Diffuse PASH

Oval equal density lesion with
circumscribed margins in lower
inner quadrant of right breast

Oval hypoechoic lesion with
circumscribed margins, soft on
elastography

Fibroadenoma
with PASH like
stroma

Age Presentation Mammogram
(iny)
Case 1 | 42 Right mastalgia with nipple
discharge that was attribut-
ed to periductal mastitis on
imaging. Mammogram fur- | breast
ther showed an incidental
left breast lesion
Case 2 | 44 Screen-detected
Case 3 | 32 Right breast lump
Case 4 | 60 Screen-detected
breast
Case5 | 46 Right breast lump that was
proven to be PASH on biopsy
from a different hospital
2 years before, presented
for screening mammogram
Case 6 | 47 Progressive painless in-
crease in size of both breasts
over past few years
lesions with
parenchyma
Case7 | 43 Right breast lump
Case 8 | 26 Left breast lump -

Oval hypoechoic lesion with
circumscribed margins, soft on
elastography

Fibroadenoma
with PASH like
stroma

Abbreviation: y, years

Suspicious features like architectural distortion and micro-
calcification are usually absent. On ultrasound, the lesions
appear round to oval, hypoechoic with circumscribed or
indistinct margins.

Both on mammography and ultrasound, they are often
misdiagnosed as fibroadenoma due to the overlapping imag-
ing appearance. Occasionally, cystic changes may be seen as
was observed in our first three cases and the lesions may
appear hyperechoic or heterogeneous. Posterior acoustic fea-
tures are variable, and the lesions are soft on elastography. At
times, the lesions may present with suspicious imaging fea-
tures like irregular shape and noncircumscribed margins both
on mammogram and ultrasound and these warrant biopsy.
Jones et alreported that 14% of the 56 lesions in their study had
irregular or indistinct margins and were assigned as BIRADS
category 4."~13 Though PASH does not upgrade to carcinoma,
PASH may coincidentally occur at the site of carcinoma, and
hence excision biopsy is recommended if clinical and radio-
logical findings are discordant with pathological findings.

Indian Journal of Radiology and Imaging

Limited literature is available on MRI appearance of PASH.
The lesions are usually of intermediate signal intensity on
T1W and T2W images with interspersed hyperintense slit-
like spaces and cysts on T2W/IR images as discussed further
under diffuse PASH. They show variable enhancement pat-
terns, appearing either as a mass or nonmass enhancement.
Rapid and persistent enhancement pattern is observed on
dynamic postcontrast images.14

Diagnosis is usually established by core needle biopsy.
Surgical excision is preferred in lesions with suspicious
imaging features, those which are rapidly increasing in
size and to alleviate patient symptoms. Recurrence
following surgery is reported in 15 to 22% cases, and
hence wide local excision is preferred. Lesions managed
conservatively are followed up clinically and with
imaging.” The term tumoral PASH is used to describe
circumscribed PASH lesions that grow to very large
sizes causing asymmetric enlargement of the involved
breast.'*

Vol. 32 No. 4/2022 © 2022. Indian Radiological Association. All rights reserved.
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Diffuse PASH

PASH, in the least common form, presents as diffuse involve-
ment of both breasts causing progressive asymmetric gigan-
tomastia. Diffuse PASH either presents as multiple tumoral
lesions replacing the breast parenchyma or as diffusely
infiltrative lesions without forming discrete masses.'?

On mammography, diffuse PASH has the distinctive ap-
pearance of massively enlarged breasts with overall in-
creased density. Additionally, multiple circumscribed or
obscured lesions may be seen extensively involving the
breast parenchyma as was noted in our case. On ultrasound,
hypoechoic or heterogeneous lesions, either diffusely infil-
trating or forming masses, are seen in the breast. Lace-like
reticular hyperechoic areas and cysts may be seen and the
lesions do not show increased vascularity.

Like nodular PASH, diffuse PASH shows intermediate
signal intensity on TIW images and heterogeneous signal
intensity on T2W/IR images with the slit-like areas and cysts
appearing hyperintense on T2W and hypointense on T1W
images. Teh et al described that the reticular lace-like pattern
on imaging, appearing hyperechoic on ultrasound and as
hyperintense slit-like areas on T2W/ IR images could poten-
tially represent a specific imaging appearance of tumoral and
diffuse PASH and is likely representative of empty clefts
within the expanded collagenous stroma seen in PASH
lesions.'® The lesions show diffuse prominent enhancement
with contrast with persistent enhancement kinetics in dy-
namic images.' The standard of care in diffuse and tumoral
PASH is mastectomy or reduction mammoplasty for symp-
tomatic relief and cosmetic purposes.'’'°

Conclusion

PASH is a rare noncancerous lesion of the breast with a wide
spectrum of manifestations ranging from incidental micro-
scopic changes to bilateral diffuse involvement causing
gigantomastia. While diffuse PASH has a specific imaging
appearance, nodular PASH mimics other benign breast
lesions on imaging, commonly fibroadenoma. Irrespective
of the imaging findings, provided there are no suspicious
features of malignancy, a histopathologically proven nodular
PASH can be safely followed up avoiding surgery.
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