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Preface

Women’s health issues consume a large portion of medical 
resources and healthcare dollars. Proper management 
requires a team of physicians from various specialties. 
Within the field of Radiology, there has been a trend 
toward developing a subspecialty dedicated to compre-
hensive imaging of women’s healthcare needs, including 
gynecological, obstetric, genitourinary, and breast condi-
tions. The term “Women’s Imaging” is used differently in 
different contexts; for the purpose of this textbook, the 
term is used to describe imaging of the female reproduc-
tive system, including the pelvis and breast. An effective 
women’s imager must work closely with clinical colleagues 
of various specialties and maintain a current understand-
ing of diagnostic strategies, clinical implications of imaging 
findings, and the appropriate use of imaging tests to 
detect and monitor treatment.

The use of magnetic resonance imaging (MRI) for evalu-
ation of gynecological, obstetric, and breast conditions 
has increased in recent years. MRI provides excellent tissue 
contrast resolution in the female pelvis and breast without 
ionizing radiation. Used together with complementary 
modalities, such as ultrasound and mammography, MRI 
has been shown to add important information to help 
guide patient care. The current text aims to provide the 
essentials of MRI in Women’s Imaging, including indica-
tions, technique, and interpretation. For a number of enti-
ties, we illustrate the companion imaging studies of 
computed tomography, ultrasound, or mammography. 

Hopefully this text serves to redress the considerable 
underutilization of MRI in these settings. Used appropri-
ately, MRI is cost-effective and singularly informative. 
There are other textbooks on the separate topics of pelvic 
and breast MRI; the goal of this text is to combine and 
update the essentials of Women’s Imaging MRI into a 
comprehensive and succinct overview.

The present volume is separated into two main sections: 
female pelvis (chapters 1–7) and breast (chapters 8–12). 
The first chapter presents current common indications and 
sample protocols for female pelvis MRI. Chapters 2–5 
address pathology and respective imaging findings of the 
vagina and female urethra, pelvic floor, uterus, and adnexa. 
Chapters 6 and 7 focus on issues specific to pregnancy. 
Chapter 8 discusses rationale and technique for MRI of 
the breast. Chapters 9–12 are dedicated to the imaging 
features of breast disease and the role of MRI-guided 
intervention in the care of women with abnormal breast 
imaging findings.

This text is the collective effort of many individuals. I 
would like to thank the co-editors and contributors for 
their hard work. In addition, I am indebted to my radiology 
colleagues at the University of California San Diego for 
their help and support, with special thanks to every 
member of the body imaging and breast imaging 
divisions.

Michele A. Brown, MD
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Chapter 1

Imaging	evaluation	of	the	female	pelvis

•	 Imaging	plays	an	important	role	in	the	management	of	
gynecological	disease

•	 Ultrasound	is	often	the	initial	imaging	test
•	 Poor	tissue	contrast	of	CT	limits	gynecologic	applications
•	 MRI	benefits	from	excellent	tissue	contrast	and	lack	of	

ionizing	radiation
•	 Increased	 experience	 and	 availability	 have	 led	 to	

increased	role	of	MRI
•	 MRI	 deemed	 appropriate	 by	 American	 College	 of	

Radiology	 for	 gynecological	 conditions,	 especially	 pre-
treatment	 assessment	 of	 endometrial	 and	 cervical	
cancer,	 work-up	 of	 suspected	 adnexal	 mass,	 and		
evaluation	 of	 acute	 pelvic	 pain	 in	 reproductive-aged	
women	 in	 the	 setting	 of	 indeterminate	 ultrasound	
[1–4]

•	 Numerous	 gynecological	 and	 obstetric	 conditions	 are	
depicted	 by	 MRI,	 which	 may	 provide	 initial	 imaging	
(e.g.,	 suspected	 urethral	 diverticulum)	 or	 problem-
solving	after	ultrasound

Indications	for	MRI

(Table	1.1)
•	 Benign	uterine	conditions

○	 Anomalies
■	 MRI	considered	imaging	modality	of	choice
■	 Informs	management	decisions	(e.g.,	septate	versus	

bicornuate	uterus)
○	 Acquired	disease
■	 Problem	solving	for	indeterminate	ultrasound
■	 MRI	allows	definitive	diagnosis	for	conditions	such	

as	urethral	diverticulum,	leiomyoma,	adenomyosis,	
endometriosis,	and	dermoid

•	 Uterine	malignancy
○	 Endometrial	cancer
■	 Preoperative	staging:	deep	myometrial	invasion	cor-

related	with	lymph	node	invasion	[5,	6]
■	 MRI	shown	to	aid	management	for	advanced	and	

high	grade	cancer	[7]
○	 Cervical	carcinoma
■	 Depth	of	stromal	and	parametrial	invasion	[8,	9]
■	 MRI	particularly	aids	management	for

•	 Tumors	larger	than	2	cm
•	 Endocervical	tumors	[10]
•	 Biopsy-proved	 adenocarcinoma	 (cervical	 versus	

endometrial	origin)
•	 Coexistent	pelvic	mass(es)
•	 New	diagnosis	of	cervical	cancer	during	pregnancy
•	 Prior	radiation	therapy	[11–15]

•	 Adnexal	mass
○	 Determine	origin	of	mass
○	 Tissue	 characterization	 aids	 specific	 diagnosis	 (e.g.,	

endometrioma,	dermoid)
○	 MRI	helps	predict	 likelihood	of	malignancy	 to	direct	

proper	 management	 and	 limit	 surgical	 intervention	
for	benign	disease	[16,	17]

○	 For	 known	 ovarian	 cancer,	 CT	 typically	 used	 for	
staging;	MRI	if	CT	contraindicated

○	 MRI	may	yield	definitive	diagnosis	for	adnexal	disease	
that	 is	 indeterminate	on	ultrasound,	obviating	need	
for	follow-up	imaging

•	 Abdominal	pain	in	pregnancy
○	 Accurate	evaluation	for	appendicitis	(and	other	acute	

diseases)	without	ionizing	radiation	[18,	19]
○	 Increasing	availability	of	MRI	in	acute	setting

•	 Fetal	anomalies
○	 Problem	solving	for	indeterminate	ultrasound
○	 Usefulness	 of	 MRI	 has	 increased	 with	 ultrafast	

sequences

Women’s Imaging: MRI with Multimodality Correlation,	First	Edition.	Edited	by	Michele	A.	Brown,	Haydee	Ojeda-Fournier,	
Dragana	Djilas,	Mohamed	El-Azzazi,	and	Richard	C.	Semelka.
©	2014	John	Wiley	&	Sons,	Inc.	Published	2014	by	John	Wiley	&	Sons,	Inc.
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2 	 PELVIS	 MRI: 	 INTRODUCTION	 AND	 TECHNIQUE

Patient	preparation	for	MRI

•	 Empty	bladder
•	 Fasting	4	hours
•	 Optional

○	 Antispasmotic	(e.g.,	glucagon	1	mg)
○	 Intra-vaginal	gel	[20]

•	 Supine	position,	or	decubitus	in	late	pregnancy
•	 Phased-array	coil	positioned	over	pelvis
•	 To	reduce	artifact,	may	utilize

○	 Saturation	 band	 over	 anterior	 abdominal	 wall	 for	
non-fat-saturated	sagittal

○	 Supplemental	 anteroposterior	 frequency-encoding	
direction	for	axial	images

•	 Intrauterine	contraceptive	devices	are	safely	imaged	[21]

Sequence	protocols

•	 Many	protocol	options
•	 Appropriate	choice	depends	on

○	 Specific	clinical	question
○	 Available	equipment	and	expertise

•	 For	 known	 or	 suspected	 uterine	 disease/anomalies,	
T2-weighted	 sequences	 are	 obtained	 in	 an	 oblique	
plane	oriented	to	uterus	(Figure	1.1)

•	 Individual	 sequence	 parameters	 may	 vary	 based	 on	
manufacturer,	etc.

•	 Sequences	may	include
○	 Single-shot	(SS)	echo-train	spin	echo	(ETSE)
■	 For	example,	HASTE	or	SSFSE
■	 Sensitive	 to	 fluid,	 resistant	 to	 motion	 and	

susceptibility
■	 Large	field	of	view

•	 Localization,	evaluation	of	coil	position
•	 Coronal:	 evaluation	 of	 renal	 anomalies/

obstruction
•	 Axial:	prescribe	true	sagittal	view	of	uterus

○	 T2-weighted
■	 Breathhold	may	be	sufficient	for	benign	disease
■	 Non-breathhold	 (high-resolution)	 for	 uterine	

malignancy
■	 With	or	without	fat	saturation
■	 May	be	done	as	3D	ETSE
■	 Best	sequence	for	uterine	zonal	anatomy

○	 T1-weighted

Table	1.1.	 Indications	for	MRI	of	the	female	pelvis

Indication Protocol Notes

Pelvic	pain General FS	T1WI	for	endometriosis
Urethral	diverticulm Urethra Contrast	if	known/visualized	mass
Vaginal	mass Urethra Contrast	if	known/visualized	mass
Pelvic	floor	symptoms Pelvic	floor Sagittal	images	with	Valsalva
Uterine	anomaly Uterine	anomaly True	coronal	to	uterine	fundus
Adenomyosis General Bright	myometrial	foci	on	T2WI
Fibroids General Add	contrast	if	pre-embolization
Fibroid	versus	adnexal	mass General Vessels	extending	from	uterus	to	mass	suggest	uterine	origin
Endometrial	cancer Uterine	malignancy High	resolution	T2WI	and	T1WI	+	contrast	oblique	to	

endometrium	for	tumor	invasion
Cervical	cancer Uterine	malignancy High	resolution	T2WI	oblique	to	cervix	for	parametrial	invasion
Adnexal	mass	characterization General FS	T1WI	for	dermoid,	endometrioma
Abdominal	pain	in	pregnancy Maternal	abdominal	

pain
SS-ETSE	(+	FS),	and	steady-state	GE	for	appendix,	monitor	if	

possible
Fetal	anomaly Fetal SS-ETSE	oriented	to	region	of	interest,	monitor	if	possible

FS = fat	saturated;	T1WI = T1-weighted	images;	T2WI = T2-weighted	images;	SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo
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○	 T1-weighted	3D	GE	pre-	and	post-contrast
■	 Fat-suppressed	GE,	repeated	for	dynamic	imaging
■	 Provides	enhancement	information
■	 May	 use	 MRA	 parameters	 (e.g.,	 vascular	

malformation)
○	 Diffusion-weighted	imaging	(DWI)	(optional)
■	 B	 values	 of	 0	 and	 at	 least	 one	 other	 value	 up	 to	

1000
■	 Apparent	diffusion	coefficient	(ADC)	map	created
■	 DWI	 sequence	 and	 ADC	 map	 interpreted	

together
■	 Aids	detection	of	tumor,	inflammation

■	 Breathhold	in-	and	out-of-phase	dual	echo
•	 Differentiates	fat-	and	blood-containing	lesions
•	 Sensitive	to	small	foci	of	fat	within	adnexal	mass

■	 Non-breathhold	(high-resolution)	for	uterine	cancer
■	 Chemically	 selective	 fat	 saturation	 for	

endometriosis
○	 T2/T1-weighted	steady-state	free	precession	gradient	

echo	(GE)
■	 For	example,	TruFISP	or	FIESTA
■	 Rapid,	resistant	to	motion
■	 Differentiates	vessels	from	bowel	(e.g.,	appendix)
■	 Useful	for	fetal	and	maternal	imaging

Figure	1.1.	 Imaging	planes	oriented	to	the	uterus.	Multiple	T2-weighted	images	in	a	patient	with	septate	uterus.	Large	field-of-view	
single-shot	sequence	(a)	is	obtained	first	and	is	used	to	plan	an	oblique	sagittal	T2-weighted	sequence	(b)	obtained	parallel	to	the	
endometrium	(line,	a).	The	oblique	sagittal	is	used	to	plan	an	oblique	axial	(c)	obtained	perpendicular	to	the	endometrium	(line,	b).	The	
oblique	axial	may	then	be	used	to	plan	a	true	coronal	of	the	uterus	(d)	obtained	parallel	to	the	endometrium	(line,	c).	In	the	absence	of	
3D	T2-weighted	imaging,	this	process	assures	appropriate	imaging	planes	regardless	of	angle/tilt	of	the	uterus.

(a) (b)

(d)(c)
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○	 Additional	functional	techniques	may	have	increasing	
role	[7]

•	 Oblique	planes	oriented	to	the	endometrium	or	cervix	
important	for	cancer	[22]

•	 Protocol	 tailored	 to	 clinical	 question	 (Table	 1.2,	 Table	
1.3,	Table	1.4,	Table	1.5,	Table	1.6,	Table	1.7,	Table	1.8)

Table	1.2.	 General	female	pelvis

Sequence Plane FOV		
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32 8
SS-ETSE Axial 32 8
T2	ETSE Sagittal 24 5
T2	ETSE Axial 24 5
T1	GE	in/out-	of-phase Axial 24 5
T1	GE	FS Axial 24 5
DWI	(optional) Axial 28 6
T1	3D	GE	FS	(pre) Axial	or	

sagittal
24 3

Contrast
T1	3D	GE	FS	(post	×	3) Axial	or	

sagittal
24 3

T1	GE	FS	(delayed) Axial 24 5

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated;	DWI = diffusion-weighted	imaging

Table	1.3.	 Urethra

Sequence Plane FOV		
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32 8
T2	ETSE Coronal 16 4
T2	ETSE Axial 16 4
T1	GE Axial 16 4
T1	3D	GE	FS	(pre) Axial 24 3
Contrast	(if	known	or	visualized	lesion)
T1	GE	FS	(delayed) Axial 24 3

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated

Table	1.4.	 Pelvic	floor

Sequence Plane FOV		
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32 8
SS-ETSE Axial 32 8
SS-ETSE Sagittal 32 5
SS-ETSE	(Valsalva,	

repeat × 3)
Sagittal 32 5	(midline	slice)

SS = single	shot;	ETSE = echo-train	spin-echo

Table	1.5.	 Uterine	anomaly

Sequence Plane FOV		
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32 8
SS-ETSE Axial 32 8
T2	ETSE Sagittal	(to	uterus) 24 5
T2	ETSE Axial	(to	uterus) 24 5
T2	ETSE Coronal	(to	uterus) 24 5
T1	GE	in/

out-of-phase
Coronal	(to	uterus) 24 5

T1	GE	FS Axial 24 5

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated

Table	1.6.	 Uterine	malignancy

Sequence Plane FOV		
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32 8
SS-ETSE Axial 32 8
T2	ETSE Sagittal 24 5
T2	ETSE Axial 24 5
T1	GE	in/out-of-phase Axial 24 5
T1	GE	FS Axial 24 5
DWI	(optional) Axial 28 6
T1	3D	GE	FS	(pre) Axial	or	

sagittal
24 3

Contrast
T1	3D	GE	FS	(post	×	3) Axial	or	

sagittal
24 3

T1	GE	FS	(delayed) Axial 24 5

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated
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Image	optimization	at	3T

•	 Potential	advantages
○	 Increase	in	signal-to-noise	ratio	(SNR),	or
○	 Similar	SNR	at	a	faster	speed

•	 Challenges
○	 Signal	shading	magnified	by	dielectric	effects
○	 Increased	specific	absorption	rates	(SARs)
○	 Changes	in	optimal	TR	and	TE
○	 Increased	signal	inhomogeneities
■	 Greater	shimming	challenge	for	extrinsic	magnetic	

field
■	 Intrinsic	 field	 distortion	 due	 to	 increased	

susceptibility/chemical	shift
•	 Solutions	[23–28]

○	 Dialectric	 effect:	 dialectric	 pad	 (=	 radiofrequency	
cushion)	placed	between	patient	and	surface	coil

○	 Susceptibility:	 use	 shorter	 TE/higher	 receiver	 band-
width,	higher	spatial	resolution

○	 3D	GE	and	ETSE	sequences	may	benefit	from	higher	
field	strength

○	 Consider	individual	patient
■	 Pregnant	patients	less	suitable	for	3T	due	to	stand-

ing	 wave	 effects	 from	 amniotic	 fluid	 and	 safety	
concerns	[26]

■	 Non-pregnant	patients	may	be	 imaged	 safely	 and	
effectively	at	3T	using	optimized	parameters	[28]

Image	interpretation

•	 Large	volume	data	acquisition
•	 May	be	useful	 to	employ	a	 systematic	 checklist	 (Table	

1.9)
•	 Several	gynecological	conditions	have	MRI	features	that	

allow	definitive	diagnosis

Table	1.7.	 Maternal	abdominal	pain

Sequence Plane FOV	
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 32–40 8
SS-ETSE Axial 32 5
SS-ETSE	FS Axial 32 5
Steady-state	GE Coronal 32 5
Steady-state	GE Axial 32 5
T1	GE	in/out-of-phase Axial 32 5

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated

Table	1.8.	 Fetal

Sequence Plane FOV	
(cm)

Slice	thickness	
(mm)

SS-ETSE Coronal 40 8
SS-ETSE Axial 40 8
SS-ETSE Sagittal 40 8
SS-ETSE	(repeat	as	

needed)
Directed 24–32 4–6

Steady-state	GE	
(optional)

Directed 24–32 4–6

T1	GE	in/out-of-phase	
(optional)

Directed 24–32 4–6

SS = single	shot;	ETSE = echo-train	spin-echo;	GE = gradient	echo;	
FS = fat	saturated
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Chapter 2

Vagina

Normal anatomy
Key facts
•	 Fibromuscular	 tube	 between	 bladder	 and	 rectum,	

7–9	cm	long	(Figure	2.1)	Embryological	origin	[1]
○	 Upper	one-third = Müllerian	duct
○	 Lower	two-thirds = urogenital	sinus

•	 Layers	[2]
○	 Inner = mucosa
○	 Middle = submucosa	and	muscularis
○	 Outer  =  adventitia,	 containing	 vaginal	 venous	

plexus
•	 Fornices:	anterior,	posterior,	lateral

○	 Portion	of	vagina	that	surrounds	the	cervix
○	 Best	visualized	on	sagittal	and	transverse	images

Women’s Imaging: MRI with Multimodality Correlation,	First	Edition.	Edited	by	Michele	A.	Brown,	Haydee	Ojeda-Fournier,	
Dragana	Djilas,	Mohamed	El-Azzazi,	and	Richard	C.	Semelka.
©	2014	John	Wiley	&	Sons,	Inc.	Published	2014	by	John	Wiley	&	Sons,	Inc.

Imaging the vagina and urethra
Shannon St. Clair, Randy Fanous, Mohamed El-Azzazi, Richard C. Semelka, & Michele A. Brown

Figure 2.1. Normal	female	pelvic	anatomy	in	the	sagittal	plane.	(Source:	Tortora	&	Derrickson	(Eds),	Principles	of	Anatomy	and	Physiology,	
13th	edn.	Hoboken,	NJ:	Wiley,	2012.)
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Vaginal agenesis/atresia
Key facts
•	 Rare	Müllerian	duct	anomaly	ranging	from	complete	to	

partial	agenesis
○	 Incidence	of	all	Müllerian	duct	anomalies	 in	women	

is	1–15%
○	 1	in	4000–5000	women	have	vaginal	agenesis	[3,	4]

•	 Typically	normal	ovaries	and	external	genitalia,	however	
associated	 abnormalities	 of	 the	 uterus,	 cervix,	 upper	
urinary	tract,	and	skeleton	may	occur

•	 Presentation	 depends	 on	 presence	 of	 functioning	
endometrium
○	 If	no	functioning	endometrium = primary	amenorrhea
○	 If	functioning	endometrium	present = pain	and	mass	

effect	at	the	age	of	menarche	secondary	to	hematom-
etra	(Figure	2.3)

•	 Untreated	 patients	 with	 functional	 endometrium	 may	
develop	endometriosis

•	 Surgical	management	depends	on	presence	of	function-
ing	endometrium	and	cervix
○	 Complete	agenesis + small	rudimentary	uterine	bulb	

with	no	functioning	endometrium = vaginoplasty

•	 For	 descriptive	 purposes,	 vagina	 may	 be	 divided	 into	
thirds
○	 Upper	third = level	of	the	lateral	fornices
○	 Middle	third = level	of	the	bladder	base
○	 Lower	third = level	of	the	urethra

MRI features
•	 T1WI	–	low	signal	intensity
•	 T2WI

○	 Stratified:	 outer	 high	 signal	 intensity,	 middle	 low	
signal	intensity,	inner	high	signal	intensity

○	 Thickness	correlates	with	estrogen	level;	most	promi-
nent	 during	 late	 proliferative	 and	 early	 secretory	
phases	of	menstrual	cycle	(Figure	2.2)

○	 Loss	of	normal	stratification
■	 Pregnant = outer	and	middle	intermediate	to	high	

signal	intensity,	inner	high	signal	intensity
■	 Premenarchal/	postmenopausal = outer	and	middle	

low	signal	intensity,	markedly	thin	inner	high	signal	
intensity

•	 T1WI + contrast	–	avid	early	enhancement	of	outer	and	
middle	layers	only

Figure 2.2. Normal	vagina	in	two	patients.	Axial	T2-weighted	image	in	two	patients	(a, b)	show	variable	thickness	in	the	vagina	
depending	on	estrogen	levels.	Note	vagina	(arrow),	urethra	(white	arrowhead),	and	rectum	(black	arrowhead).

(b)(a)
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MRI features
•	 Thin-section	transverse	T2WI	best
•	 Sagittal	 to	delineate	 vaginal	 length	 if	partial	 agenesis;	

important	for	surgical	planning
•	 Demonstrates	presence	or	absence	of	the	uterus,	cervix,	

and	kidneys
•	 T1WI	 used	 to	 identify	 blood	 products	 of	 functioning	

endometrial	tissue

Vaginal duplication and septa
Key facts
•	 Duplication	 typically	 occurs	 in	 the	 setting	 of	 uterus	

didelphys
○	 Associated	with	renal	agenesis
○	 Longitudinal	septum	may	result	in	dyspareunia

○	 Complete	agenesis + small	rudimentary	uterine	bulb	
with	 functioning	 endometrium  =  vaginoplasty  + 
hysterectomy

○	 Complete	agenesis + uterus	with	endometrium	but	
no	cervix = vaginoplasty + hysterectomy

○	 Partial	agenesis + normal	uterus	and	cervix =  crea-
tion	of	an	external	 vaginal	os	 (i.e.,	 fertility	potential	
restored)

•	 Mayer–Rokitansky–Küster–Hauser	syndrome	[5]
○	 Vaginal	 and	 uterine	 agenesis,	 with	 normal	 tubes	

and	 ovaries	 and	 variable	 urinary	 tract	 anomalies	
(Figure	2.4)

○	 1	in	5000	female	births
○	 Most	patients	have	a	normal	karyotype
○	 Uterine	 and/or	 vaginal	 rudiments	 may	 be	 present;	

important	for	surgical	planning

Figure 2.3. Vaginal	atresia	with	hematometrocolpos.	Sagittal	T2-weighted	(a)	and	T1-weighted	(b)	images	show	the	upper	vagina	and	
uterus	are	dilated	and	blood	filled.	Narrowing	of	the	blood-filled	structures	is	noted	at	the	level	of	the	cervix	(arrow,	b).	Note	absence	of	
the	distal	vagina	inferior	to	the	blood-filled	mass,	best	appreciated	on	T2WI.	This	finding	helps	distinguish	from	imperforate	hymen	or	
obstructing	vaginal	septum.

(b)(a)
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Figure 2.4. Mayer–Rokitansky–Küster–Hauser	syndrome.	Axial	T2-weighted	images	(a–d)	show	vaginal	and	uterine	agenesis	with	only	fat	
seen	between	the	urethra	and	rectum.	Both	ovaries	(arrows,	c,	d)	are	superiorly	positioned	but	otherwise	normal;	note	physiologic	fluid	in	
the	pelvis	(arrowheads,	c).

(a) (b)

(c) (d)
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Figure 2.5. Transverse	vaginal	septum	and	hematocolpos.	Sagittal	T2-weighted	image	(a)	in	a	young	woman	with	pelvic	pain	shows	a	
distended	vaginal	canal	(V)	that	is	filled	with	complex	fluid.	Axial	T2-weighted	image	(b)	distal	to	the	septum	shows	a	normal	vaginal	
canal	(arrow,	b).	Demonstration	of	a	normal	distal	vagina	helps	distinguish	this	entity	from	imperforate	hymen	or	vaginal	atresia	on	MR	
imaging.

(b)(a)

Abnormalities of gonadal differentiation
Key facts
•	 Gonadal	dysgenesis

○	 Pure-type
■	 Bilateral	streak	gonads	–	i.e.,	fibrous	lesions,	without	

germ	cells	[8]
■	 Majority	have	Turner’s	syndrome

○	 Mixed-type
■	 Mosaic	karyotypes	(XO/XY	and	XO/XYY)
■	 One	testis,	one	streak	gonad

○	 Y	 chromosome-containing	 gonads	 at	 increased	 risk	
for	malignant	transformation;	should	be	removed

•	 True	hermaphrodites
○	 Ovarian	and	testicular	tissue,	together	as	ovotestis	or	

separate	discrete	gonads	[8]
○	 80%	XX	karyotype,	remaining	either	XY	or	mosaic	[9]
○	 Sex	 assignment	 typically	 determined	 by	 external	

genitalia
○	 Ovotestes,	testes,	or	ovaries	typically	intra-abdominal	

and	at	increased	risk	of	malignancy

•	 Transverse	septum	may	occur	without	Müllerian	anomaly	
[6,	7]
○	 Failure	of	fusion	of	the	down-growing	Müllerian	duct	

with	the	up-growing	urogenital	sinus
○	 Results	in	obstruction
○	 Presents	 at	 puberty	 with	 amenorrhea	 and	 cyclical	

abdominal	pain
•	 Thin-section	T2-weighted	transverse	images	are	optimal
•	 Untreated	patients	may	develop	endometriosis
•	 Surgical	management

○	 Vaginal	reconstruction	with	resection	of	longitudinal/	
transverse	septa

○	 Vaginoplasty	and	hysterectomy,	if	associated	cervical	
agenesis	[4,	6,	7]

MRI features
•	 Hematocolpos	 if	 obstruction	 present	 –	 variable	 signal	

intensity	on	T1WI	and	T2WI	(Figure	2.5)
•	 Vaginal	and/or	uterine	duplication	if	associated	Müllarian	

anomaly
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Figure 2.6. Testicular	feminization.	Sagittal	T2-weighted	image	
shows	absent	uterus	and	blind-ending	vagina	(arrow).

Figure 2.7. Asymptomatic	Bartholin	cyst.	Sagittal	T2-weighted	
image	shows	a	cystic	lesion	at	the	posterolateral	distal	vagina	
(arrow).

•	 Pseudohermaphrodites
○	 Normal	genotype,	but	ambiguous	genitalia
○	 Male	pseudohermaphrodites:
■	 Testes	with	ambiguous	genitalia	[8]
■	 Most	commonly	testicular	feminization	(Figure	2.6)

•	 X-linked	recessive	disorder	of	absent	cytoplasmic	
testosterone	receptors

■	 Phenotypically	female,	blind-ended	vagina	with	no	
uterus	or	fallopian	tubes

■	 T2-weighted	 MR	 imaging	 helpful	 in	 preoperative	
location	of	testes,	which	are	removed	due	to	risk	of	
malignancy

○	 Female	pseudohermaphrodites:
■	 46	XX	karyotype,	normal	ovaries,	virilized	external	

genitalia	secondary	to	in utero	androgen	exposure	
[8]

■	 Most	commonly	21-hydroxylase	deficiency,	which	is	
one	form	of	congenital	adrenal	hyperplasia

■	 More	 rare	 causes	 include	 androgen-producing	
tumors	 or	 maternal	 ingestion	 of	 androgen-
containing	drugs	during	the	first	trimester

■	 With	 surgical	 and/or	 hormonal	 treatment,	 these	
females	can	have	normal	 fertility	and	near-normal	
female	phenotype

MRI features
Streak gonads
•	 T2WI	–	small	and	low	signal	intensity

Bartholin cyst
Key facts
•	 Mucus	secreting	glands	drain	into	posterolateral	vaginal	

vestibule	[10]
•	 Chronic	inflammation	or	trauma	leads	to	mucous	reten-

tion	and	cyst	formation
•	 Typically	 asymptomatic,	 unless	 superinfection	 (e.g.,	

Neisseria gonorrhoeae)
•	 Treatment	options:	antibiotic	therapy,	aspiration,	incision	

and	drainage,	laser	vaporization,	and	marsupialization

MRI features
•	 Location	–	posterolateral	wall	of	the	lower	third	of	the	

vagina	[10]
•	 T1WI	–	intermediate	to	high	signal	intensity,	depending	

on	the	protein	content	(Figure	2.7)
•	 T2WI	–	high	signal	intensity
•	 T1WI  +  contrast	 –	 rim	 enhancement,	 suggests	

infection

Gartner duct cyst
Key facts
•	 Mesonephric	or	wolffian	duct	remnant
•	 Most	common	benign	vulvovaginal	lesion	in	children
•	 Incidentally	 identified	 in	 1–2%	 of	 female	 pelvic	 MRI	

examinations	[11]
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•	 T2WI	–	high	signal	intensity
•	 T1WI + contrast	–	typically	no	rim	enhancement

Cavernous hemangioma
Key facts
•	 Rare	benign	lesion	of	the	vulva	or	vagina
•	 Most	 common	 in	 infants,	 tends	 to	 stabilize	or	 regress	

during	childhood
•	 Typically	 asymptomatic,	 however	 may	 cause	 bleeding,	

ulceration	 or	 hemorrhage	 during	 vaginal	 delivery		
[13]

•	 Typically	 asymptomatic,	 however	 larger	 lesions	 may	
cause	dyspareunia	or	difficult	vaginal	delivery
○	 Associated	 with	 genitourinary	 abnormalities,	 e.g.,	

ipsilateral	renal	agenesis	(Herlyn–Werner–Wunderlich	
syndrome)	[12]

MRI features
•	 Location	–	anterolateral	wall	 of	 the	 lower	upper	 third	

of	the	vagina
•	 T1WI	–	 low	signal	 intensity	 (most)	versus	 intermediate	

to	high	signal	intensity	(depending	on	amount	proteina-
ceous	or	hemorrhagic	contents)	(Figure	2.8)

Figure 2.8. Gartner	duct	cyst.	Axial	T2-weighted	(a),	T1-weighted	(b),	and	sagittal	T2-weighted	(c)	images	in	a	patient	with	an	
asymptomatic	palpable	paracervical	mass.	There	is	a	well-circumscribed	mass	with	high-signal-intensity	(g,	a–c),	centered	within	the	left	
side	of	the	proximal	vagina	(v,	a,	b).The	high	signal	on	T1WI	reflects	intracystic	protein.	Sagittal	T2-weighted	image	(c)	reveals	that	the	
mass	is	located	above	the	urethra	(U,	c)	and	below	the	cervix	(C,	c)	within	the	proximal	vagina.	The	normal	zonal	anatomy	of	the	uterus	is	
present.

(a) (b)

(c)
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•	 Tumors	in	the	upper	third	of	the	vagina	spread	to	iliac	
nodes,	whereas	those	in	the	lower	two-thirds	spread	to	
inguinal	nodes

•	 Melanoma	is	the	second	most	common	vaginal	primary	
cancer

•	 Primary	vaginal	clear	cell	adenocarcinoma	is	associated	
with	in utero	diethylstilbestrol	(DES)	exposure

•	 Other	rare	primary	vaginal	malignancies	include:
○	 Leiomyosarcomas	–	poor	prognosis
○	 Lymphoma
○	 Endodermal	sinus	tumors	–	infants,	poor	prognosis
○	 Embryonal	 rhabdomyosarcoma	 (sarcoma	botryoides)	

–	children

MRI features
Squamous cell carcinoma
•	 Location	–	typically	arise	from	the	posterior	wall	of	the	

upper	third	of	the	vagina	(Figure	2.10)
•	 T1WI	–	intermediate	signal	intensity,	often	occult
•	 T2WI	–	moderate	to	high	signal	intensity
•	 T1WI + contrast	–	variable

Melanoma
•	 T1WI	–	may	be	high	signal	 intensity	 (i.e.	secondary	to	

either	intratumoral	hemorrhage	or	from	T1-shortening	
effects	 of	 paramagnetic	 metals	 such	 as	 iron	 that	 are	
associated	with	melanin	[18]

Clear cell adenocarcinoma
•	 Location	–	typically	arise	from	the	anterior	wall	of	 the	

upper	third	of	the	vagina	(Figure	2.11)

Figure 2.9. Vulvar	cavernous	hemangioma.	Coronal	fat-
suppressed	T2-weighted	image	in	a	patient	with	a	spongy	
palpable	vulvar	mass	shows	a	lobular	hemangioma	(H)	in	the	
region	of	the	right	vulva.	Note	asymmetric	prominence	of	
ipsilateral	pelvic	veins	(v)	due	to	the	malformation.

Table 2.1. FIGO	staging	for	carcinoma	of	the	vagina	[16]

Stage Description

I Tumor	limited	to	vaginal	wall
II Involves	subvaginal	tissue	but	has	not	extended	

to	pelvic	wall
III Extends	to	pelvic	wall
IV Extends	beyond	true	pelvis	or	involves	mucosa	of	

bladder	or	rectum
	 IVa Invades	bladder	and/or	rectal	mucosa	and/or	

direct	extension	beyond	true	pelvis
	 IVb Spread	to	distant	organs

Source:	 FIGO	Committee	on	Gynecologic	Oncology	[16].

MRI features
•	 T2WI	–	high	signal	 intensity	 in	the	serpentine	vascular	

lakes	(Figure	2.9)
•	 T1WI + contrast	–	heterogeneous	enhancement

Vaginal cancer
Key facts
•	 Most	vaginal	cancers	are	metastatic	(usually	from	cervix	

or	vulva)	[14]
•	 Primary	vaginal	cancers	account	for	less	than	3%	of	all	

gynecological	cancers
•	 Up	to	95%	of	primary	vaginal	malignancies	are	of	squa-

mous	cell	histology,	usually	well	differentiated	[15]
•	 Typically	affects	older	patients,	peak	incidence	of	60–70	

years
•	 Infection	with	human	papillomavirus	is	a	risk	factor	[14]
•	 FIGO	 classification	 schemes	 are	 most	 commonly	 used	

for	staging	(Table	2.1)	[16,	17]
•	 Overall	5	year	survival	rate	for	all	stages	is	40%	(Stage	

I	68%;	Stage	IV	20%)	[15]
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year	 may	 also	 demonstrate	 high	 signal	 intensity	 and	
mimic	tumor	recurrence	[19]

•	 T1WI + contrast	–	tumor	typically	demonstrates	intense	
heterogeneous	 enhancement,	 whereas	 granulation	
tissue	 typically	 demonstrates	 more	 delayed	 homoge-
neous	enhancement

Vaginal metastases
Key facts
•	 Secondary	 vaginal	 malignancies	 make	 up	 80%	 of	 all	

vaginal	cancers	[14]
•	 Local	 spread	 from	 cervical	 or	 vulvar	 cancers	 comprise	

the	majority	of	cases
•	 MRI	 technique	 should	 include	 T2-weighted	 and	

T1-weighted	 fat-suppressed	 post-gadolinium	 images		
in	axial	and	sagittal	planes

MRI features
•	 T1WI,	T2WI,	T1WI + contrast	–	signal	intensity	typically	

indistinguishable	 from	 that	 of	 primary	 vaginal	 squa-
mous	cell	carcinoma,	however	may	see	primary	tumor	
(Figure	2.12)

Vulvar carcinoma
Key facts
•	 Typically	of	squamous	cell	origin
•	 Typically	 older	 patients	 with	 pruritus	 (pain,	 bleeding,	

and	palpable	mass	may	also	occur)

Differentiating post-therapeutic changes from 
residual/recurrent disease:
•	 T2WI	–	tumor	is	typically	high	signal	intensity	on	T2WI	

with	 irregular	 contours,	 whereas	 granulation	 tissue	 is	
typically	low	signal	intensity	on	T2WI	with	smooth	con-
tours;	however	post-radiation	changes	within	 the	first	

Figure 2.10. Vaginal	carcinoma.	Axial	T2-weighted	(a)	and	post-gadolinium	fat-suppressed	T1-weighted	(b)	images	show	an	irregular,	
enhancing,	partially	necrotic	vaginal	mass	(arrow).

(a) (b)

Figure 2.11. Clear	cell	adenocarcinoma	of	the	vagina.	Sagittal	
T2-weighted	image	shows	a	large	heterogeneous	intermediate	to	
high-signal-intensity	mass	(T)	in	the	anterior	wall	of	the	proximal	
vagina	with	gross	invasion	of	the	posterior	bladder	wall	(B)	and	
the	posterior	urethra	(u).	The	posterior	vaginal	wall	is	preserved	
(white	arrow).
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•	 Acute	radiation	changes	(less	than	1	year	post-treatment)	
reflect	histologic	changes	of	interstitial	edema	and	capil-
lary	leakage

•	 Chronic	 changes	 (more	 than	 1	 year	 post-treatment)	
reflects	 histologic	 changes	 of	 fibrosis	 with	 diminished	
interstitial	fluid	and	vascularity;	mural	necrosis	with	sec-
ondary	fistula	formation	may	also	occur	[19,	22]

MRI features
Acute:
•	 T2WI	 –	 mural	 thickening	 with	 high	 signal	 intensity	

(Figure	2.14)
•	 T1WI + contrast	–	avid	enhancement

Chronic:
•	 T2WI	–	mural	thinning	with	low	signal	intensity
•	 T1WI + contrast	–	diminished	enhancement
•	 Fistulas	 may	 appear	 as	 high-signal-intensity	 tract	 with	

enhancing	rind

•	 FIGO	 system	 most	 commonly	 used	 for	 staging	 (Table	
2.2)	[20,21]

•	 Management	 options	 includes	 local	 resection	 with	
inguinal	lymph	node	dissection,	sentinel	node	mapping	
and	biopsy,	and/or	adjuvant	radiation	therapy	[14]

•	 Other	rare	primary	vulvar	malignancies	include	[14]:
○	 Basal	cell	carcinoma
○	 Adenocarcinoma	–	most	arise	in	Bartholin’s	gland
○	 Melanoma
○	 Sarcoma

MRI features
•	 T2WI	–	irregular	mass,	low	to	Intermediate	signal	inten-

sity	(Figure	2.13)
•	 T2WI	–	intermediate	signal	intensity
•	 T1WI + contrast	–	delayed	enhancement

Radiation change
Key facts
•	 Imaging	appearance	of	radiation	change	varies	depend-

ing	on	the	time	interval	between	therapy	and	imaging

Figure 2.12. Vaginal	invasion	of	cervical	carcinoma.	Sagittal	T2-weighted	(a)	and	post-gadolinium	fat-suppressed	T1-weighted	(b)	images	
show	cervical	carcinoma	with	extensive	uterine	(long	arrows,	a)	and	vaginal	invasion	(short	arrow).

(a) (b)
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(a)

(c)

(b)

Figure 2.13. Vulvar	carcinoma.	Axial	T1-weighted	(a),	
T2-weighted	(b),	and	post-gadolinium	fat-suppressed	T1-weighted	
(c)	images	show	an	irregular	low-signal-intensity	mass	arising	from	
the	vulva	with	posterior	extension	to	involve	the	anus	(arrow,	a).	
On	the	T2-weighted	image	(b)	the	mass	is	intermediate	in	signal	
intensity.	Heterogeneous	enhancement	of	tumor	is	seen	(c).

Table 2.2. FIGO	staging	for	carcinoma	of	the	vulva	[21]

Stage Description

I Tumor	confined	to	vulva
	 IA ≤2	cm,	confined	to	vulva/perineum,	stromal	invasion	≤1.0	mm,	no	nodal	metastasis
	 IB >2	cm	or	stromal	invasion	>1.0	mmb,	confined	to	vulva/perineum,	negative	nodes
II Extension	to	adjacent	perineal	structures	(1/3	lower	urethra,	1/3	lower	vagina,	anus)	with	negative	nodes
III +/−	extension	to	adjacent	perineal	structures	(1/3	lower	urethra,	1/3	lower	vagina,	anus)	with	positive	inguino-femoral	

nodes
	 IIIA (i)	 With	1	lymph	node	metastasis	(≥5	mm)

(ii)	 1–2	lymph	node	metastasis(es)	(<5	mm)
	 IIIB (i)	 With	2	or	more	lymph	node	metastases	(≥5	mm)

(ii)	 3	or	more	lymph	node	metastases	(<5	mm)
	 IIIC Positive	nodes	with	extracapsular	spread
IV Invades	other	regional	(2/3	upper	urethra,	2/3	upper	vagina),	or	distant	structures
	 IVA (i)	 upper	urethral	and/or	vaginal,	bladder,	or	rectal	mucosa,	or	fixed	to	pelvic	bone

(ii)	 fixed	or	ulcerated	inguino-femoral	lymph	nodes
	 IVB Any	distant	metastasis	including	pelvic	lymph	nodes

Source:	 Pecorelli	S	[21].


