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Chapter 1

Figure 1.1 The axial T2 image on the left shows

dilatation of the subarachnoid space around the optic

nerves. On the right is a sagittal T1 image depicting

an empty sella.

Chapter 3

Figure 3.1 34 y/o female, 1-week postpartum, with

severe headache. Physiologic hypertrophy with a

sagittal T1-weighted image demonstrating a

homogenous, enlarged pituitary gland with convex

superior margin, measuring 1.0 cm in height.

Reproduced from Reference 2 with permission of

Elsevier.

Figure 3.2 33 y/o peripartum female with acute

onset right-sided weakness and difficult speaking.

Axial FLAIR through the basal ganglia (a)

demonstrates abnormal T2 signal within the left basal

ganglia and internal capsule; diffuse weighted image

(b) also demonstrates increased signal while the

corresponding ADC (c) and exponential-ADC (d) maps

confirm restriction of water diffusion, signifying acute

infarction. Reproduced from Reference 2 with

permission of Elsevier.



Figure 3.3 33 y/o female, 10 days postpartum, with

persistent headaches. Sagittal T1 (a) demonstrates

flattening of the pituitary gland and settling of the

posterior fossa contents. Axial T2 images (b,c)

demonstrate an “empty sella” as well as optic nerve

tortuosity and circumferential CSF space

prominence. Imaging findings of increased

intracranial pressure, in combination with a lumbar

puncture opening pressure of 45 mm water and

papilledema on ophthalmologic examination, were

consistent with pseudotumor cerebri. In a different

patient, 21 y/o female with pseudotumor cerebri, MRI

demonstrates tortuous optic nerves with marked

dilatation of the CSF spaces with flattening of the

optic disc (d). Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.4 31 y/o female, 1 day following cesarean

section for arrested labor and chorioamnionitis, with

sudden onset headache with rapid deterioration of

mental status. Examination revealed fixed and dilated

pupils. Non-contrast CT images (a,b) demonstrate a

hyperdense, lentiform extra-axial (subdural)

collection over the left hemisphere with marked mass

effect and midline shift. Reproduced from Reference

2 with permission of Elsevier.

Figure 3.5 30 y/o female with preeclampsia

developed acute onset severe headaches following

childbirth. Non-contrast CT images (a,b) demonstrate

linear sulcal hyperdensity consistent with acute

subarachnoid hemorrhage; corroborating MR images

demonstrate loss of normal FLAIR CSF suppression

(c,d) as well as blooming artifact on susceptibility-

weighted images (e,f), all findings of subarachnoid



blood products. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.6 45 y/o postpartum female with 9 days of

headache. Axial (a) and reconstructed sagittal (b)

non-contrast CT images demonstrate a

hyperattenuating, expanded sagittal dural venous

sinus consistent with acute thrombosis. Reproduced

from Reference 2 with permission of Elsevier.

Figure 3.7 22 y/o female, first trimester, presenting

with headache. Axial T2 MR through the sagittal (a)

and transverse (b) sinuses demonstrate a normal flow

void. Three-dimensional phase-contrast (non-

contrast) MR venography (c–e) confirms normal flow-

related signal, signifying patent venous sinuses.

Reproduced from Reference 2 with permission of

Elsevier.

Figure 3.8 Non-contrast MR with axial proton

density (a) and sagittal T1 (b,c) MR images

demonstrate loss of the expected flow void within the

left transverse sinus, compared to the contralateral

side; axial susceptibility-weighted images (d–f)

demonstrate “blooming” artifact from acute

thrombosis of the vein of Galen and transverse sinus

with additional blooming within the deep cerebral

and small cortical veins, likely from additional

thrombosis or extremely slow flow; left occipital

parenchymal hemorrhage is also present; axial (g)

and sagittal (h) T1-weighted images demonstrate a

filling defect with the dural venous sinuses.

Reproduced from Reference 2 with permission of

Elsevier.

Figure 3.9 Non-contrast MR angiography in a 42 y/o

female, 4 weeks pregnant, with acute-onset right arm



weakness and numbness. Diffusion-weighted imaging

(a), with ADC maps (not shown) confirmed acute

infarction; axial T2 through the skull base (b,c)

demonstrate loss of the expected left internal carotid

artery (ICA) flow void, while T1 fat-suppressed image

through the distal internal carotid (d) demonstrates

crescentic hyperintense mural thrombus; maximum-

intensity projection (MIP) reformatted image from 2D

time-of-flight imaging through the neck (e)

demonstrates loss of the expected flow-related signal

from the left internal carotid with “string sign;” axial

3D time-of-flight images (f,g) confirm loss of flow-

related signal from the left internal carotid; MIP

reformatted image (h) demonstrates rapid flame-

shaped tapering of the distal ICA. Reproduced from

Reference 2 with permission of Elsevier.

Figure 3.10 Non-contrast 2D phase-contrast MR

venography with axial (a) and sagittal (b) MIP-

reformatted images demonstrate signal gaps (lack of

flow-related enhancement) within the sagittal and

transverse venous sinuses due to in-plane flow

artifact; 2D time-of-flight venography demonstrates

flow-related signal within the sagittal sinus (c),

however, a signal gap is seen within the right

transverse sinus (d). Reproduced from Reference 2

with permission of Elsevier.

Figure 3.11 42 y/o postpartum female, diagnosed

with preeclampsia, presenting with dizziness. Axial

FLAIR MR image (a) demonstrates the expected dural

venous sinus flow voids (open arrow); MIP

reformatted images from 2D phase-contrast MR

venography through the sagittal (b) and transverse

venous sinuses (c,d) demonstrates absent flow-

related signal from the right transverse sinus; similar



findings on 3D phase-contrast venography with

sagittal (e), coronal (f), and axial (g) MIP images,

likely due to slow flow within normal a variant;

subsequent contrast-enhanced CT venography with

axial (h) and MIP reformatted images (i,j)

demonstrate a patent sinus. Reproduced from

Reference 2 with permission of Elsevier.

Figure 3.12 45 y/o female with 9 day history of a

persistent postpartum headache. Sagittal T1 MR (a)

demonstrates loss of the expected sagittal sinus flow

void; axial susceptibility-weighted images (b,c)

demonstrate blooming artifact within the sagittal

sinus; 3D phase-contrast venography with sagittal (d)

and coronal (e) MIP reformatted images demonstrate

loss of flow-related signal from the sagittal sinus;

axial (f,g), coronal (h), and sagittal (i) post-contrast

MR venography demonstrate filling defect within the

sagittal sinus, confirming thrombosis. Reproduced

from Reference 2 with permission of Elsevier.

Figure 3.13 33 y/o female with acute-onset

confusion and tachycardia during labor,

cardiovascular collapse ensued and patient became

comatose. An emergent cesarean section was

performed and the patient was presented for

imaging. FLAIR MR images (a–c) demonstrate

multiple cortical and subcortical regions of T2 signal

abnormality across multiple vascular territories; DWI

(d) demonstrate confluent restricted diffusion within

the posterior left hemisphere with a contralateral

punctate focus of signal abnormality—findings

concerning for an embolic event; (e) ADC map

demonstrates both infarction by decreased pixel

values and vasogenic edema by increased pixel



values. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.14 35 y/o, G3P2, postpartum day 9 from

twin delivery, re-admitted with tonic–clonic seizures.

History of hypertension and several days of

headache. Axial (a–c) and sagittal (d) FLAIR MR

images demonstrate patchy areas of juxtacortical,

primarily white matter T2 hyperintensity involving the

parietal and occipital lobes and cerebellum, typical

locations for hypertensive encephalopathy or

PRES/PRLS. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.15 36 y/o female, one day following

cesarean section at 33 weeks for severe

preeclampsia, presenting with cortical blindness.

Magnetic resonance imaging confirms findings of

hypertensive encephalopathy with axial FLAIR

through the lateral ventricles (a) demonstrates

abnormal T2 signal within the occipital

periventricular and juxtacortical white matter, as well

as within the left internal capsule; diffusion-weight

image (b) demonstrates associated increased signal

within the occipital regions, however, the

corresponding ADC map (c) reveals facilitated

diffusion, as opposed to infarction. A follow-up MRI

(d) demonstrates complete signal alteration

resolution. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.16 27 y/o male presented with abdominal

pain at outside facility. Rapid mental status

deterioration necessitated transfer. Axial FLAIR (a–d)

demonstrates abnormal increased T2 signal within

the posterior frontal cortex, medial thalami,

periaqueductal gray matter, and floor of the fourth



ventricle. Areas of true restricted diffusion (e,f) were

confirmed by ADC maps (g). Patient became

comatose, was unresponsive to medical management,

and died. Postmortem examination demonstrated

macrophage-rich infiltration of the periaqueductal

brainstem, medial thalamus, hypothalamus, and

mammillary bodies consistent with Wernicke's

encephalopathy. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.17 76 y/o female with 6 months of blurry

vision, bilateral temporal hemianopsia. Axial (a),

sagittal (b), and coronal (c) post-contrast T1 MR

images demonstrate a homogenously enhancing

supra-sellar meningioma exerting upward mass effect

upon the optic chiasm. Reproduced from Reference 2

with permission of Elsevier.

Figure 3.18 38 y/o female with left facial numbness,

facial droop, and jaw pain. Axial T2 MR (a), as well as

3D thin-slice gradient echo (b,c) demonstrates a part

solid, part cystic mass along the expected course of

the left trigeminal nerve, expanding Meckel's cave;

post-contrast axial (d) and coronal (e) T1 MR images

demonstrate homogenous enhancement of the soft

tissue component, again filling Meckel's cave, with

lack of enhancement within the cystic portion. Biopsy

confirmed a trigeminal schwannoma. Reproduced

from Reference 2 with permission of Elsevier.

Figure 3.19 Photograph from an endonasal trans-

sphenoid sellar dissection (Image courtesy Dr. Juan

Fernandez-Miranda MD) demonstrating an opening in

the dural reflections covering the pituitary gland, the

adjacent cavernous carotid, the abducens nerve

laterally, and the lateral-most aspect of the cavernous

sinus containing cranial nerves III, IV, V2, and V3.



Reproduced from Reference 2 with permission of

Elsevier.

Figure 3.20 21 y/o female with multiple left-sided

cranial neuropathies, most prominently CN III,

worsening during pregnancy. Coronal T1 MR (a)

demonstrates a hypointense, well-defined, lobulated

extra-axial supra-cellar mass. Axial T2 MR (b)

confirms a hyperintense supra-sellar extra-axial mass

that is fairly homogenous in signal, though exerts

region mass effect upon the pons and left cavernous

sinus structures; post-contrast axial (c) and coronal

(d) T1 MR imaging demonstrates robust homogenous

enhancement. Subsequent biopsy revealed a

cavernous hemangioma. Reproduced from Reference

2 with permission of Elsevier.

Figure 3.21 Bell's palsy confirmed by contrast-

enhanced T1 MR with axial (a) and coronal (b) images

demonstrate abnormal, asymmetric enhancement

involving the labyrinthine facial nerve segment and

geniculate ganglion. Reproduced from Reference 2

with permission of Elsevier.

Figure 3.22 50 y/o female with persistent,

progressive disequilibrium, diagnosed with a

petroclival meningioma. Axial T2 MR image through

the level of the internal auditory canal (a)

demonstrates a lobulated extra-axial cerebellopontine

angle mass compressing the pons; contrast-enhanced

T1 MR image at the same level (b) demonstrates a

homogenously enhancing mass with dural tail, a

typical finding of meningioma; 3D gradient echo

image (c) demonstrates the masses' proximity to the

abducens nerve as well as the facial and



vestibulocochlear nerve complex. Reproduced from

Reference 2 with permission of Elsevier.

Figure 3.23 23 y/o with known prolactinoma, 25

weeks pregnant, presenting with persistent

headaches and new left visual field disturbance.

Magnetic resonance examination 10 months prior

with post-contrast T1 sagittal (a) and coronal (b)

imaging demonstrates a lobulated, slightly hypo-

enhancing and heterogeneous intra-pituitary lesion

with partial encasement of the right cavernous

carotid. Non-contrast imaging performed during

pregnancy with sagittal (c) and coronal (d) T1 MR

images demonstrate marked enlargement of the

sellar mass with circumferential encasement of the

cavernous carotid. A 2-year postpartum MRI

demonstrates marked size reduction of the pituitary

lesion with less regional mass effect (e,f). Reproduced

from Reference 2 with permission of Elsevier.

Figure 3.24 27 y/o female with diabetes insipidus

and hypothyroidism. Contrast-enhanced sagittal (a)

and coronal (b) T1-weight images demonstrate

abnormal enlargement and enhancement of the

infundibulum and hypothalamus. Infectious causes

were excluded and lumbar puncture was only

significant for elevated protein. A presumptive

diagnosis of hypophysitis was made and the patient

improved with steroid therapy. Reproduced from

Reference 2 with permission of Elsevier.

Figure 3.25 35 y/o G2P0 female with

hypothyroidism, 31 weeks pregnant, presenting with

worsening dizziness. Sagittal T1 MR (a) demonstrates

an empty or partially empty sella; in a 31-week

pregnant female one would expect physiologic



hypertrophy; T2 (b) and FLAIR MR images (c) also

demonstrate an empty sella with a “central dot”

representing the non-displaced pituitary

infundibulum. Imaging findings are consistent with

the clinical diagnosis of Sheehan's. Reproduced from

Reference 2 with permission of Elsevier.

Figure 3.26 22 y/o female with history of infrequent

and irregular menses and “pituitary tumor”

presented to outside facility with headache,

subsequently transferred for surgical management.

Final pathology revealed a hemorrhagic adenoma.

Sagittal (a) and coronal (b) non-contrast T1 MR

images demonstrate an intrinsically T1 hyperintense

lesion within the pituitary, consistent with acute

blood products; post-contrast T1 imaging (c–e)

demonstrates appropriately enhancing pituitary

parenchymal with a hypo-enhancing rim surrounding

the region of hemorrhage presumably relate to the

underlying adenoma. Reproduced from Reference 2

with permission of Elsevier.

Figure 3.27 57 y/o male with 6 days of severe

headache and third cranial nerve palsy. Axial non-

enhanced CT (a) demonstrates hyperattenuating

sellar soft tissue consistent with acute blood

products. Axial pre-contrast T1 (b), T2 (c), and FLAIR

(d) MR images demonstrate mixed-signal sellar

material; axial susceptibility-weighted gradient echo

image (e) demonstrates sellar blooming artifact;

constellation of findings consistent with acute blood

products. Post-contrast sagittal (f) and coronal (g) T1

MR images demonstrate marked pituitary

enlargement with heterogeneous enhancement; note

mass effect upon the optic chiasm. Reproduced from

Reference 2 with permission of Elsevier.



Figure 3.28 30 y/o male with “pituitary tumor”

presenting with severe headaches. Axial T2 (a) and

FLAIR (b) MR images through the sella demonstrate

a fluid–fluid level within the sella with T2

hyperintense fluid layering non-dependently,

consistent with acute hemorrhage; sagittal pre- (c)

and post-contrast (d) T1 MR images demonstrate

intrinsically T1-hyperintense non-dependent

hemorrhagic fluid; note a normally enhancing

pituitary gland displaced posteriorly. Reproduced

from Reference 2 with permission of Elsevier.

Figure 3.29 50 y/o female with migraines and

progressive lower extremity weakness. Non-contrast

sagittal (a) and contrast-enhanced sagittal (b) and

axial (c) T1 MR images demonstrate abnormal nerve

root enhancement consistent with Guillain–Barre

syndrome. Reproduced from Reference 2 with

permission of Elsevier.

Figure 3.30 30 y/o female, 5 days postpartum, with

persistent, severe headaches. Sagittal T1 MR image

(a) demonstrates subtle settling of the posterior fossa

structures; axial T2 images through the basal cisterns

demonstrate effacement and crowding (b,c); axial T2

(d) demonstrates thin, bi-hemispheric extra-axial

CSF-equivalent collections; axial (e) and coronal (f)

post-contrast T1 MR images demonstrate smooth

pachymeningeal enhancement. Constellation of

findings are consistent with intracranial hypotension.

Reproduced from Reference 2 with permission of

Elsevier.

Chapter 6



Figure 6.1 Illustrative case posterior reversible

encephalopathy syndrome. FLAIR MR sequence with

axial cuts. Arrows indicate vasogenic edema

predominantly affecting the posterior cerebral

regions with sparing of the paramedian occipital

cortex.

Figure 6.2 Illustrative case of reversible cerebral

vasoconstriction syndrome. Sagital CT angiogram

(maximum intensity projection images). Arrows

indicate segments of constriction and dilatation

(“beading”) of the left posterior inferior cerebellar

artery.

Chapter 7

Figure 7.1 Progestin-releasing intrauterine device,

containing levonorgestrel. Courtesy of Association of

Reproductive Health Professionals (AHRP).

Reproduced under the Creative Commons License:

http://creativecommons.org/licenses/by/3.0/

Figure 7.2 Copper T 380A Intrauterine Device.

Courtesy of Association of Reproductive Health

Professionals (AHRP). Reproduced under the Creative

Commons License:

http://creativecommons.org/licenses/by/3.0/

Figure 7.3 The contraceptive implant elutes

etonogestrel. Courtesy of Association of Reproductive

Health Professionals (AHRP). Reproduced under the

Creative Commons License:

http://creativecommons.org/licenses/by/3.0/

Chapter 9

Figure 9.1 Relapse during pregnancy and

postpartum.

Chapter 11



Figure 11.1 Coronal and sagittal MRI scans of an

intrasellar prolactin-secreting macroadenoma in a

woman prior to conception (above) and at 7 months

of gestation (below). Note the marked tumor

enlargement at the latter point, at which time the

patient was complaining of headaches. Reproduced

from Reference 17 with permission of Elsevier.

Chapter 13

Figure 13.1 (a) T1 axial post contrast MRI showing

an enhancing meningioma in the left cavernous sinus

(white arrow). (b) T1 axial post contrast MRI 5 years

later showing enlargement of the meningioma (white

arrow). Vignette 1: A 47-year-old peri-menopausal

woman presented to her primary care physician with

pain in her left eye. A brain MRI with contrast

revealed a meningioma in the left cavernous sinus

(Figure 13.1a). Given the challenging surgical

location, unknown growth rate of the meningioma,

and mild symptoms that were not necessarily related

to the meningioma, follow-up MRI was recommended.

Unfortunately, the patient failed to follow-up until

approximately 5 years later when she presented with

progressive diplopia and was found to have a third

nerve palsy. Repeat brain MRI showed an increase in

the size of the meningioma (Figure 13.1b). Debulking

surgery was recommended given the expansion of the

meningioma close to the optic chiasm and pressure

on surrounding normal brain. Although this growth

happened during menopause, an association is hard

to prove.

Figure 13.2 (a) FLAIR MRI showing no evidence of

tumor. (b) FLAIR MRI 3 months later showing new

hyperintensity in the right frontal lobe with

significant mass effect and brain shift consistent with



progressive glioma as shown by the white arrow. The

patient was pregnant so did not receive gadolinium

contrast. Vignette 2: A 38-year-old woman with a

known low-grade (WHO grade II) astrocytoma was

being followed with surveillance MRIs (Figure 13.2a)

when she presented with a seizure. She was 3 months

pregnant at the time so a non-contrast MRI was done

and revealed significant disease progression (Figure

13.2b). Given the degree of mass effect, she

underwent a subtotal resection of the recurrence,

and the pathology was consistent with a glioblastoma

(WHO grade IV). She received involved field radiation

without the standard chemotherapy regimen because

of her pregnancy. At approximately 32 weeks, she had

a successful caesarian section and delivered a

healthy baby. Chemotherapy was started after

delivery.

Chapter 14

Figure 14.1 Worsening of diabetic retinopathy

during pregnancy. Retinal hemorrhages (straight

white arrows) and cotton wool spots (white

arrowheads) are present in both eyes. The right eye

(left panel) also has retinal exudates nasal to the

optic disc (gray arrow). The left eye (right panel) has

neovascularization on the optic nerve (curved arrow).

Figure 14.2 Hypertensive retinopathy. There is optic

disc edema, blood vessel tortuosity, and pre-retinal

hemorrhage (arrow).

Figure 14.3 Cerebral venous sinus thrombosis in the

immediate postpartum period. (a) Magnetic

resonance venogram with contrast showing a filling

defect consistent with thrombosis from the torcula to

the mid left transverse sinus (arrow). (b) Severe

bilateral papilledema secondary to raised intracranial



pressure from venous sinus thrombosis. Both optic

discs are elevated and there are bilateral

hemorrhages and exudates.

Figure 14.4 Moderate bilateral papilledema in

idiopathic intracranial hypertension. The disc

margins are blurred and elevated, and the vessels are

obscured.

Figure 14.5 Goldmann visual fields showing severe

peripheral visual field constriction due to idiopathic

intracranial hypertension.

Figure 14.6 Pituitary apoplexy in the postpartum

period (Sheehan syndrome). (a) Coronal T1 MRI with

gadolinium shows a sellar/suprasellar mass with

peripheral rim enhancement. The optic chiasm is

draped over the mass lesion (arrow). This patient

presented with acute onset of headache, diplopia, and

visual loss. (b) Automated visual field (24–2 SITA

standard) showing a bitemporal hemianopia worse in

the right eye (the dark areas are not seen).

Figure 14.7 Posterior reversible encephalopathy

syndrome in a patient with preeclampsia and cerebral

blindness. Axial T2 MRI reveals hyperintense areas in

the occipital lobes bilaterally (arrows). The patient's

vision was normal within a few days after delivery

and three weeks later, the MRI abnormalities had

resolved.

Figure 14.8 Valsalva retinopathy in the right eye.

There is a large boat-shaped pre-retinal hemorrhage

obscuring the macula (arrow).

Chapter 15

Figure 15.1 Tuberculous meningitis. (a) Axial T1-

weighted post contrast MRI demonstrating multiple

nodular enhancing regions (arrows) throughout the



cerebral hemisphere. (b, c) Axial T2 FLAIR MRI

demonstrating diffuse sulcal and cisternal

hyperintensities, respectively (dashed arrows).

Figure 15.2 Neurocysticercosis. Axial T2 FLAIR

image demonstrates cystic lesion with scolex in the

left Sylvian fissure (arrow).

Chapter 16

Figure 16.1 (a) Noncontrast head CT showing large

right cerebellar hematoma from a ruptured

arteriovenous malformation (AVM). (b) CT angiogram

(CTA) demonstrating an AVM with feeders from the

posterior inferior cerebellar artery.

Figure 16.2 (a) Noncontrast head CT showing

parietal ICH from a ruptured arteriovenous

malformation (AVM). Cerebral angiography ((b)

anteroposterior and (c) lateral views) shows an AVM

with a feeding artery from the angular branch and

drainage into the superior sagittal sinus. (d)

Postoperative angiogram showing complete

resection.

Chapter 18

Figure 18.1 Peripheral innervation of the female

lower urinary tract. Reproduced from Reference 1

with permission of Elsevier.

Figure 18.2 The role of the autonomic and somatic

nervous systems in bladder filling and storage, as

well as voiding. Reproduced from Reference 1 with

permission of Elsevier.


