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Abstract

The peripartum period, covering late pregnancy through postpartum, brings significant changes that increase the risk of neurological
disorders such as cortical vein thrombosis (CVT), osmotic demyelination syndrome (ODS), pituitary apoplexy, postpartum cerebral
angiopathy (PCA), posterior reversible encephalopathy syndrome (PRES), and intracranial hypotension (IH). Accurate diagnosis
relies heavily on MRI and CT, with MRI being especially useful for its detailed images. CVT often presents with severe headaches
and seizures, detected on MRI through characteristic signs like the “empty delta sign.” ODS, linked to the rapid correction of low
sodium levels, appears as T2 hyperintense lesions at specific locations. Pituitary apoplexy, involving sudden hemorrhage within a
pituitary adenoma, typically requires high-dose corticosteroids and, in severe cases, surgery. PCA results from hormonal changes and
shows as transient artery narrowing on MR angiography, managed with supportive care. PRES, associated with high blood pressure
disorders, manifests as vasogenic brain edema, treated by managing blood pressure. IH, often seen after a dural puncture, leads to
positional headaches and shows brain sagging on MRI, with treatments ranging from rest to epidural blood patches. Recognizing these
imaging patterns is critical for timely diagnosis and effective treatment, ultimately enhancing outcomes for mothers & preventing
peripartum morbidity & mortality.
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INTRODUCTION cause acute morbidity or mortality if not recognized in time.

he peripartum period, spanning late pregnancy through the ~ Among the most critical neurological conditions during the

postpartum stage, is marked by significant physiological ~ peripartum period are cortical vein thrombosis (CVT)', which
changes that can predispose women to various neurological  involves clot formation in cerebral veins, leading to symptoms
and neurovascular conditions. This phase is particularly  like headaches, seizures and altered sensorium; osmotic
critical because it involves unique challenges in diagnosis and ~ demyelination syndrome (ODS)(formerly called central
management due to overlapping symptoms of normal pregnancy ~ pontine myelinolysis)’, usually caused by rapid correction of
related changes and potential pathological conditions. Imaging ~ hyponatremia resulting in damage to the brain’s myelin; and
plays a pivotal role in early detection, accurate diagnosis, and  pituitary apoplexy!, characterized by sudden hemorrhage

therapeutic decision-making, especially for conditions that can ~ within a pituitary tumor, causing severe headaches and visual
disturbances. Additionally, reversible cerebral vasoconstriction

syndrome (RCVS), including postpartum cerebral angiopathy

E,? 'i_EE (PCA)* involves transient cerebral artery constriction, while
Website: https://www.nepjolL.info/index.php/NJN \ posterior reversible encephalopathy syndrome (PRES)is
associated with hypertension-induced brain swelling, presenting

DO https://doi.org/10.3126/njn.v22i24.76478 ET&F H with seizures and visual changes. Prompt central nervous
HOW TO CITE ' system (CNS) imaging is crucial for accurate diagnosis and
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This review aims to provide a detailed analysis of
the imaging characteristics associated with these neurological
conditions in the peripartum period, highlighting the role of
various imaging modalities in their diagnosis and management.
Recognizing these imaging patterns is essential for early
diagnosis and intervention, ultimately improving clinical
outcomes in peripartum women.

DISCUSSION
Cortical Vein Thrombosis

Incidence: It is estimated to occur in about 11.6 per 100,000
deliveries in developed countries. The risk is particularly
elevated in the postpartum period, which accounts for 60-70%
of peripartum CVT cases’.

Pathogenesis: CVT occurs due to thrombosis within the
cerebral dural venous sinuses or cortical veins, resulting in
impaired venous drainage and increased intracranial pressure.
This blockage causes venous congestion, leading to increased
capillary hydrostatic pressure and disruption of the blood-
brain barrier, which in turn can cause vasogenic edema and
hemorrhagic infarction®. The hypercoagulable state of pregnancy,
characterized by elevated levels of pro-coagulant factors like
fibrinogen and decreased fibrinolysis, predisposes women to
CVT, particularly in the postpartum period °. Additional risk
factors such as dehydration, infection, and cesarean section
further contribute to thrombosis.

Clinical Features: CVT often presents with a triad of symptoms:
headache, seizures, altered sensorium, and focal neurological
deficits. The headache is typically progressive, severe, and may
present as a thunderclap headache. Seizures, which may be focal
or generalized, occur due to irritation of the cerebral cortex by
venous infarction. Papilledema, a sign of elevated intracranial
pressure, is frequently observed on physical examination, along
with cranial nerve palsies in cases where increased pressure
affects the brainstem or cranial nerve roots.

Imaging Findings: CVT is best visualized using MRI with MRV
(contrast MRV being more confirmatory & sensitive), which
together provide detailed images of the cerebral venous system.
The most common finding in such cases is loss of flow void in
dural venous sinuses on T2-weighted (T2W)&fluid-attenuated
inversion recovery (FLAIR) images with hyperintense signal on
T1W images (Figure 1,2).

Figure 1,2: loss of flow void in dural venous sinuses on T2-
weighted (T2W)&fluid-attenuated inversion recovery (FLAIR)
images with hyperintense signal on TIW images (Figure 1,2).

A classic radiological sign of CVT is the “empty delta
sign” on contrast-enhanced T1-weighted (T1W) images, which
appears as a filling defect in the superior sagittal sinus surrounded

by enhancing dura ', This feature is indicative of thrombosis
obstructing blood flow. During the subacute phase, thrombus
formation appears hyperintense on T1W images and hypointense
on T2W images due to the presence of methemoglobin (Figure
2). MRV can demonstrate the absence of flow within the affected
sinus or cortical vein. Parenchymal involvement may be seen
on T2 and FLAIR sequences, showing hyperintense regions
consistent with vasogenic edema or cytotoxic edema in the
cortical and subcortical regions'"!2. Susceptibility-weighted
imaging (SWI) or gradient echo sequences(GRE) is especially
useful for detecting microhemorrhages, a common complication
of CVT that can signify venous infarction. Thrombosed cortical
veins can also be seen as a hyperintense signal on FLAIR
images with susceptibility on GRE or SWI images within the
sulcal spaces (Figure 1).

Differential Diagnosis: Differentiating CVT from conditions
like ischemic stroke, particularly in young patients, is crucial.
Ischemic strokes typically affect arterial territories and present
with characteristic diffusion restriction on DWI MRI, whereas
venous infarcts in CVT are more likely to demonstrate
hemorrhagic transformation and do not conform to arterial
distributions'*!*, Other conditions like dural arteriovenous
fistulas may present similarly with headache and intracranial
hemorrhage but are characterized by abnormal flow voids and
enlarged cortical veins on MRI '3,

Management:

e The primary treatment for CVT is anticoagulation, even
in the presence of hemorrhages, to prevent further clot
propagation. Low-molecular-weight heparin is typically
preferred initially, followed by oral anticoagulants like
warfarin for a duration of 3-6 months or longer, depending
on the severity of the condition and the underlying risk
factors!'e.

e In severe cases, where there is a risk of intracranial
pressure (ICP) elevation, measures like osmotic therapy
(e.g., mannitol) and decompressive craniectomy may be
considered.

* For patients with recurrent thrombosis or known

thrombophilia, long-term anticoagulation may be necessary
17

*  Regular follow-up with imaging, typically MRV preferably
with contrast, is advised to assess the resolution of the
thrombus '%.

Osmotic Demyelination Syndrome

Pathogenesis: ODS arises from the rapid correction of
chronic hyponatremia, leading to a shift in water balance
that causes osmotic injury to oligodendrocytes. This results
in the demyelination of regions where the gray-white matter
interface is particularly sensitive. During pregnancy, fluid and
electrolyte imbalances are common, increasing the risk of ODS
if hyponatremia is corrected too quickly, leading to cellular
shrinkage and demyelination ('),

Clinical Features: ODS presents with a rapid decline in
neurological function following sodium correction. Patients may
develop symptoms such as dysarthria, dysphagia, quadriparesis,
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and altered consciousness 12!, Severe cases can lead to locked-
in syndrome if corticospinal tracts in the pons are involved,
making early diagnosis crucial.

Imaging Findings: ODS is characterized by T2W hyperintense
lesions on MRI, particularly in the central pons and basal
ganglia. Central pontine myelinolysis often manifests as a
“trident-shaped” hyperintensity on axial T2W images, while
extrapontine myelinolysis can involve the thalamus, cerebellum,
and subcortical white matter (Figure3) 2.

Figure 3: T2W hyperintense lesions on MRI, particularly in the
central pons and basal ganglia.

DWI is particularly valuable in identifying areas of
acute demyelination and cytotoxic edema, as the earliest finding
visualized on MR is diffusion restriction, which may evolve
into areas of T2W/FLAIR hyperintensity over time. Lesions
typically lack enhancement, distinguishing them from infectious
or neoplastic processes. T2W and FLAIR linear hyperintense
signal can also be seen at the gray-white matter junction in the
bilateral cerebral hemispheres.

Differential Diagnosis: Differential diagnosisincludes brainstem
infarctions and multiple sclerosis (MS), but the symmetric
distribution of demyelination and lack of enhancement on MRI
help distinguish ODS 22. MS typically presents with asymmetric
lesions and gadolinium-enhancing plaques during active disease,
while infarctions show more localized restriction on DWI.

Management:

*  Prevention is key, focusing on the careful correction of
chronic hyponatremia to avoid rapid shifts in serum sodium
levels. The recommended rate of sodium correction is less
than 10 mmol/L per day.

* In cases of acute ODS, supportive care is critical. This
includes managing airway protection, controlling seizures
with antiepileptic drugs, and providing nutritional and fluid
support.

* No specific therapy has been proven to reverse the
demyelination, but early recognition and halting the
progression of sodium correction can help mitigate further
damage.

Pituitary Macroadenoma with Hemorrhage (Pituitary
Apoplexy)

Pathogenesis: Pituitary apoplexy involves sudden hemorrhage
or infarction within a pre-existing pituitary adenoma. During
pregnancy, increased estrogen levels lead to pituitary hyperplasia,
resulting in increased vascularity and a higher risk of apoplexy.

This rapid expansion can compress surrounding structures,
leading to symptoms like visual loss and endocrinopathies.

Clinical Features: Patients with pituitary apoplexy present with
a sudden onset of headache, visual disturbances like bitemporal
hemianopia due to optic chiasm compression, ophthalmoplegia,
and signs of acute adrenal insufficiency, such as hypotension
and altered mental status .

Imaging Findings: MRI is the imaging modality of choice
for diagnosing pituitary apoplexy, focusing on the sella.
Acute hemorrhage within a pituitary adenoma is visualized
as hyperintense on T1W images due to the presence of
methemoglobin. T2W imaging can reveal mixed signal
intensities that correlate with varying stages of hemorrhage and
necrosis (Figure 4).%

Figure 4 : Pituitary apoplexy hyperintense on TIW images and
mixed signal intensities in T2W imaging

Post-contrast imaging is crucial to identify residual adenomatous
tissue and assess compression of the optic chiasm and cavernous
sinus %, Recognizing the classic “snowman” shape of large
macroadenomas is essential for accurate diagnosis.

Differential Diagnosis: Differential diagnoses include
craniopharyngiomas, meningiomas, and aneurysms.
However, the acute presentation, presence of hemorrhage, and
characteristic pituitary location on MRI aid in the diagnosis of
pituitary apoplexy 2. Craniopharyngiomas are usually composed
of solid-cystic areas with calcification, while meningiomas are
usually homogenous enhancing with an associated dural tail.
An aneurysm shows characteristic dilatation of the lumen of the
vessel with a prominent flow void; sometimes associated with
flow artifact.

Management:

*  Acute management includes high-dose corticosteroids (e.g.,
dexamethasone) to reduce cerebral edema and maintain
adrenal function, as hypopituitarism can develop suddenly.
Surgical decompression through transsphenoidal

+ surgery may be required urgently if there is significant
visual impairment or altered mental status due to optic
chiasm compression.

* Hormonal replacement therapy is often necessary,
addressing deficiencies in cortisol, thyroid hormones, and
possibly sex hormones following the acute phase.
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. Regular MRI follow-up is required to monitor residual
adenoma size and pituitary function.

Postpartum Cerebral Angiopathy

Pathogenesis: PCA is thought to result from a transient
dysfunction of the cerebral arteries, often triggered by
hormonal changes associated with pregnancy and the
postpartum state& therefore now considered as a spectrum
of reversible vasoconstriction syndrome (RCVS)?. Elevated
levels of wvasoactive substances like endothelin, which
promote vasoconstriction, are believed to play a role %,
Additionally, factors like hypertension, preeclampsia, and use
of vasoconstrictive medications during labor can contribute to
the pathogenesis of PCA ?°. This condition typically resolves
spontaneously as the hormonal milieu stabilizes post-delivery *.

Clinical Features: Patients with PCA typically present within
two weeks postpartum with acute-onset severe headaches,
often described as thunderclap headaches, mimicking those
seen in subarachnoid hemorrhage 3'. Neurological deficits like
visual disturbances, seizures, and altered consciousness may
also occur, depending on the extent of vasoconstriction and
associated ischemic changes . Symptoms are usually transient
but can recur if untreated *.

Imaging Findings: A high incidence of suspicion is necessary
by the clinician to suspect PCA, as the plain MRI may be normal.
It is best evaluated using brain MRI, cerebral angiography, such
as CT angiography (CTA) or MRA angiography (MRA), or
DSA (Digital Subtraction Angiography)*. Imaging typically
reveals multifocal areas of segmental narrowing and dilation
(beading) in the medium to large-sized cerebral arteries, most
notably in the posterior circulation, due to vasospasm and with
more preferential involvement of the middle cerebral artery in
the anterior circulation (Figure 5)%.

Figure 5: Multifocal areas of segmental narrowing and dilation
(beading) in the medium to large-sized cerebral arteries, most
notably in the posterior circulation,

This reversible vasoconstriction is characteristic and
distinguishes PCA from other conditions like vasculitis 3. T2W
MRI may show hyperintense areas reflecting transient ischemic
lesions or edema*’. CTA and MRA can demonstrate the caliber
changes in the intracranial vessels, which tend to resolve
spontaneously over weeks **.

Differential Diagnosis: The main differential diagnoses include
primary angiitis of the central nervous system (PACNS)PL
Unlike PACNS, PCA does not show significant inflammatory
markers and has a self-limiting course .

Management:

*  PCA, being a self-limiting condition, is typically managed
with supportive care. This includes calcium channel

blockers (e.g., nimodipine) to help alleviate vasospasm 2.

*  Blood pressure control is critical, especially in patients with
preeclampsia or eclampsia .

+ Insevere cases with persistent vasoconstriction, intravenous
magnesium sulfate may be considered, which has been
shown to have a vasodilatory effect in similar conditions 4.

*  Regular follow-up imaging is necessary to ensure resolution
of the arterial narrowing.

Posterior Reversible Encephalopathy Syndrome

Pathogenesis: The pathogenesis of PRES involves a failure
of cerebral autoregulation, particularly in the setting of acute
hypertension, leading to hyperperfusion and endothelial
dysfunction®. The posterior circulation is especially vulnerable
due to fewer sympathetic innervations*. This breakdown of the
blood-brain barrier results in leakage of fluid into the extracellular
space, producing vasogenic edema. In the peripartum period,
preeclampsia and eclampsia are the most common triggers,
alongside rapid blood pressure fluctuations*’.

Clinical Features: PRES often presents with a triad of symptoms:
headache, seizures (usually generalized tonic-clonic), and visual
disturbances, ranging from blurred vision to cortical blindness*.
Altered mental status, confusion, or even coma may develop in
severe cases *. Seizures are frequently the presenting symptom
and can be refractory, necessitating prompt treatment.

Imaging Findings: PRES is primarily identified using brain
MRI, with T2W and FLAIR sequences revealing hyperintense
lesions predominantly involving the white matter, with or
without the involvement of grey matter, in the posterior
circulation, especially in the parieto-occipital regions (Image
6) °. These areas correspond to vasogenic edema without
significant diffusion restriction, differentiating them from
ischemic strokes ®'. However, involvement can extend to the
frontal and temporal lobes, cerebellum, or brainstem. DWI helps
in differentiating the vasogenic edema of PRES from cytotoxic
edema seen in infarcts?. Contrast-enhanced MRI may show
subtle enhancement around affected areas, and SWI can help
detect hemorrhagic components®. Other less common and
atypical patterns of PRES may appear as hemorrhagic PRES,
central PRES (involving brainstem & deep nuclei) or atypical
PRES with spinal cord involvement (Figure 6).

N .
Figure 6 : PRES is primarily identified using brain MRI, with
T2W and FLAIR sequences revealing hyperintense lesions
predominantly involving the white matter, with or without the
involvement of grey matter, in the posterior circulation,
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Differential ~ Diagnosis:  Conditions like  hypertensive
encephalopathy, CVT, and intracranial hemorrhage must
be considered when diagnosing PRES 3. CVT differs in its
imaging features, showing thrombosis within venous structures
and parenchymal changes consistent with venous infarction *°.
Intracranial hemorrhages may be more localized and have a
different imaging pattern on CT *¢. The presence of vasogenic
edema and typical posterior distribution on MRI helps
distinguish PRES from these conditions*’.

Management:

*  Control of blood pressure is the cornerstone of managing
PRES, with a goal to achieve a gradual reduction in blood
pressure using agents like labetalol or nicardipine 8.

* Magnesium sulfate is specifically recommended in
patients with eclampsia to control seizures and provide
neuroprotection.

e Seizures are common in PRES, and antiepileptic drugs
should be used if seizures are present, although they may

not be needed long-term after the acute phase has resolved
[59]

*  Monitoring and managing complications such as increased
ICP are also important. In cases where there is significant
cerebral edema, osmotic therapy may be employed .

*  MRI follow-up is advised to ensure resolution of edema and
to confirm reversibility of the syndrome ¢!

Intracranial Hypotension in the Peripartum Period

Incidence: Intracranial hypotension (IH) is uncommon in
the peripartum period but is frequently associated with dural
puncture from epidural or spinal anesthesia, performed during
labor or for caesarean section. The incidence of post-dural
puncture headaches (PDPH), a common symptom of IH, varies
but is reported to affect up to 1-3% of women after spinal
anesthesia®?. Spontaneous IH, without an identifiable dural tear,
is even rarer, with limited literature describing such cases ¢

Pathogenesis: The primary cause of IH is cerebrospinal fluid
(CSF) leakage, typically following a dural puncture or trauma,
leading to decreased CSF volume and pressure. The brain and
spinal cord sag due to this decrease, causing tension on pain-
sensitive structures. Spontaneous IH may occur due to connective
tissue disorders or weakened dura, increasing susceptibility to
dural tears. During the peripartum period, strain from labor,
along with pregnancy-related connective tissue changes, can
contribute to or exacerbate IH.

Clinical Features: The hallmark symptom of IH is a positional
headache that worsens upon sitting and standing and improves
when lying down. This headache may present within hours to
days after a CSF leak, especially following epidural anesthesia.
Other symptoms can include nausea, vomiting, neck stiffness,
visual disturbances, or cranial nerve palsies if the brainstem is
involved. Severe cases can result in encephalopathy or altered
mental status, although these are rare in the peripartum context®.

Imaging Findings: Mostly diagnosed clinically; however,
in a doubtful clinical setting, MRI is the preferred imaging
modality for diagnosing IH, with key findings including

(Flgure 7):

Figure 7 : MRI showing, brain sagging, dural enhancement,
subdural fluid collections, venous engorgement and Pituitary
hyperemia

e Brain sagging: Descent of brain structures like
the cerebellar tonsils, potentially mimicking Chiari
malformation.

*  Dural enhancement: Diffuse dural enhancement(diffuse
pachymeningitis) on contrast-enhanced TIW MRI, due to
compensatory venous dilation.

e Subdural fluid collections: Fluid collections on T2W,
secondary to CSF leakage ().

e Venous engorgement: Visible in dural venous sinuses®®!,

e Pituitary hyperemia: Pituitary enlargement due to
increased venous pressure.

MR myelography can be useful for locating CSF leaks if MRI
findings are inconclusive. CT myelography may be used for
detailed views of spinal CSF leaks "\

e Differential Diagnosis: Distinguishing IH from other
peripartum headaches is essential:

e Migraine: Not significantly affected by positional changes
and often includes a preexisting history.

*  Preeclampsia/eclampsia: Involves elevated blood
pressure and proteinuria, absent in IH.

e Pseudotumor cerebri: Characterized by elevated, not
decreased, intracranial pressure and lacks brain sagging
seen in TH 8,

Management:

*  Conservative management: Initial treatment often includes
bed rest, hydration, and caffeine intake to alleviate mild [H
symptoms.

»  Epidural blood patch (EBP): This is the primary treatment
for IH secondary to dural puncture. An EBP involves
injecting a small amount of the patient’s blood into the
epidural space near the CSF leak, creating a clot that seals
the dural defect and restores CSF pressure. Relief is often
immediate, though repeat procedures may be necessary ().

IV fluids and caffeine: In cases where EBP is not
immediately available, intravenous fluids and caffeine can
help by constricting cerebral blood vessels and increasing
CSF production "1,

*  Surgical Repair: In cases of persistent spontaneous CSF
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leak where EBP is ineffective, targeted surgical repair of the
dural defect may be required, typically guided by imaging.

*  Follow-up imaging: Repeat MRI or myelography may be

warranted to assess the resolution of the leak, especially if

symptoms persist after EBP.
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