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Abstract

Cervical artery dissections (CAD) are the leading cause (20-25%) of ischemic stroke in young and middle age adults. One
particular population that is at increased risk is the peripartum woman. Imaging plays a crucial role for the initial diagnosis
and follows up of CAD. Although conventional angiography is the gold standard for evaluating the arterial lumen, it doesn’t
offer information about the vascular wall and is unable to detect mural hematomas, thus increasing false negative rates. On
the contrary, MRI imaging provides direct visualization of the mural hematoma with greater sensitivity and specificity than
CT. MRI also facilitates the detection of luminal abnormalities and cerebral ischemic events resulting from CAD. Currently the
2D fat saturated (FS) T1 weighted sequence spin echo (SE) is one of the main tools in the protocol to study cervical artery
dissections, yet this sequence has many limitations. Some research studies have demonstrated the advantages of the 3D T1 FS
SPACE sequence(such as faster speed of acquisition, greater field of coverage and superior spatial resolution) when compared
to the 2D FS T1 SE sequence. We present 3 cases of recently postpartum females who presented with neck pain, headache,
and several other neurologic symptoms including stroke like symptoms and were found to have CADs on 3D FS T1 sequence
MRI that were not diagnosed using conventional CT angio or ultrasound. We encourage clinicians to implement the 3D FS T1
SPACE sequence in their workup for optimal diagnosis of cervical artery dissections in the pregnant/peripartum population
that present with neck pain, headache, and other neurologic symptoms, which will guide prompt treatment subsequently
decreasing the rate of morbidity and mortality in this high risk population.
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Abbreviations: CAD: Cervical Artery Dissections; MRI:
Magnetic Resonance Imaging; CT: Computed Tomography;
FS: Fat Saturated; SE: Spin Echo; TIA: Transient Ischemic
Attack; SAH: Subarachnoid Hemorrhage; SPACE: Sequence
Using Different Flip Angle Evolutions; MRA: Magnetic
Resonance Angiography; RICA: right internal carotid artery;
TOF: Time of flight angiography; MR: Magnetic Resonance;
SPAIR: Spectral Attenuated Inversion Recovery; MPRAGE:
Magnetization Prepared Rapid Gradient Echo.

Introduction

Cervical artery dissections (CAD) are the leading cause
(20-25%) of ischemic stroke in young and middle age adults.
CADs often occur due to the formation of mural hematomas

The Use of 3D FS T1 Sequence to Diagnose Cervical Arterial Dissections in Peripartum Populations:

A Case Series

in the arterial walls and most commonly affect the internal
carotid and vertebral arteries [1]. CAD generally happen
after cervical trauma, but can also occur spontaneously in
the absence of other associated risk factors such as recent
infections, hypertension, and connective tissue disorders
(Ehlers Danlos and Marfan syndrome) [2]. Although they can
have benign clinical manifestations such as neck pain, cranial
nerve palsy and Horner’s syndrome, a majority of patients
with CAD eventually develop TIA or stroke like symptoms

[3].
One particular population that is at increased risk is

the peripartum woman. It is still unclear about what factors
cause increased risk within this population but multiple
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cases have been documented in the academic literature
[4]. Patients can present at any time during the pregnancy
or recently after and often have symptoms similar to those
described above however there have been reports of stroke,
subarachnoid hemorrhage (SAH), and even death [5]. Some
of the mechanisms of action that have been proposed to
cause CAD in the pregnant population include hormonal
and mechanical factors, hypertensive disorders such as
preeclampsia, and other pregnancy related etiologies [6,7].

Imaging plays a crucial role for the initial diagnosis and
follows up of CAD. Although conventional angiography is the
gold standard for evaluating the arterial lumen, it doesn’t
offer information about the vascular wall and is unable to
detect mural hematomas, thus increasing false negative rates.
On the contrary, MRI imaging provides direct visualization of
the mural hematoma with greater sensitivity and specificity
than CT [1]. MRI also facilitates the detection of luminal
abnormalities and cerebral ischemic events resulting from
CAD. Thus it is the imaging of choice when suspecting CAD

[3].

Currently, the 2D fatsaturated (FS) T1 weighted sequence
spin echo (SE) is one of the main tools in the protocol to
study cervical artery dissections, yet this sequence has many
limitations. The implementation of a 3D FS T1 sequence
using different flip angle evolutions (SPACE), has proven
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to have increased and possibly better value than the 2D FS
T1 SE sequence on the optimal diagnosis of cervical artery
dissection [8]. We present 3 cases of recently postpartum
females who presented with neck pain, headache, and several
other neurologic symptoms including stroke like symptoms
and were found to have CADs on 3D FS T1 sequence MRI.

Cases
Case 1l

The first patient is a 25 year old female without
significant past medical history who presented with
worsening throbbing headaches localized to the right face
and back of the neck as well as into the vertex of the head 10
days after an uncomplicated, full term, spontaneous vaginal
delivery. She denied nausea, vomiting or any neurological
symptoms. Thorough neurological exam and vital signs were
unremarkable. Imaging evaluation with bilateral carotid
doppler ultrasound and CT Angiogram did not show clear
evidence of dissection. Subsequent MRI and MRA however
demonstrated a dissection of the cervical portion of the right
carotid artery (Figure 1). The patient was managed medically
with heparin and follow up CT angiogram several days later
demonstrated an improved RICA dissection with interval
development of a pseudoaneurysm. She was managed
conservatively with Apixaban 5 mg QD and discharged home
on hospital day 5.

Figure 1(A&B): Axial MRI 3D T1 FS SPACE views of the neck demonstrating T1 hyperintensity in the wall of the right carotid
artery indicating a dissection of the right ICA not visualized on US or CTA.

Case 2

The second patientis a 39 year old female who developed
headaches after caesarean section 6 days prior. The
pregnancy was complicated by postpartum preeclampsia
for which she received a standard regimen of Magnesium
infusion and Ibuprofen. The patient reported a radiating
cephalgia originating in the occiput and progressing down
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her neck. She described the pain as throbbing in character
with gradual onset. She denied any history of migraines or
other neurological symptoms and physical exam was non
focal. Imaging evaluation with CT Angiogram demonstrated
segmental narrowing of the bilateral vertebral arteries
asymmetric to the left and thought to represent vasospasm
(Figure 2).
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vertebral arteries indicating bilateral dissection.

Figure 2(A-D): A-Contrast enhanced axial CT of the vertebral arteries shows narrowing of the bilateral vertebral arteries but
no evidence of dissection, B-Maximum intensity projection views of the cervical arteries redemonstrate narrowing without
clear dissection, C&D-Axial MRI 3D T1 FS SPACE views of the neck demonstrating T1 hyperintensity in the wall of the bilateral

The patient was refractory to standard medical
management for vasospasm (which included Nifedipine 60
mg daily), and continued to deteriorate. Subsequent MRI
and MRA TOF imaging of the head and neck demonstrated
dissections of the bilateral cervical and vertebral arteries
(Figure 2). The patient was managed medical with aspirin 81
mg daily and Clopidogrel 75 mg daily and observed clinically.
Repeat imaging showed no evidence of SAH or stroke and the
patient was discharged on aspirin 81 mg QD and clopidogrel
75 mg QD and a cervical collar with instructions to follow up
in several months with neurology.

Case 3

The third patient is a 36 year old female who presented
with gradually worsening intractable holocephalic
headaches. She presented 5 days after an uncomplicated
spontaneous vaginal delivery complaining of increasing
third trimester headaches during the last two weeks of the
trimester. She noted intermittent, sharp left sided neck pain,
left facial pain and photosensitivity. She denied additional
neurological symptoms however physical exam revealed the
classic triad of a left sided Horner’s syndrome as well as mild
weakness and sensory deficit in the left lower extremity.

Figure 3(A-D): A-Diffusion weighted axial MRI of the brain demonstrates small are of increased activity in the posterior left
parietal lobe indicating a small area of infarction, B-3D projections of the cervical arteries demonstrate nonvisualization of the
left carotid artery, C&D-Axial MRI 3D T1 FS SPACE views of the neck demonstrating T1 hyperintensity in the wall of the left
carotid artery indicating a dissection of the left ICA not visualized on US or CTA.

Creagh S, et al. The Use of 3D FS T1 Sequence to Diagnose Cervical Arterial Dissections in
Peripartum Populations: A Case Series. Clin Radiol Imaging ] 2020, 4(2): 000172.

Copyright© Creagh S, etal.



CT of the brain was non confirmatory, however MRI
and MRA demonstrated a small infarct within the left
posterior parietal lobe as well as an extensive, critical
arterial dissection extending from the cervical to cavernous
segments of the left internal carotid artery (Figure 3). No
neurological intervention was attempted at this time due
to pseudoaneurysm just distal to the cavernous portion of
the left internal carotid artery and antiplatelet therapy was
started. After continued observation and imaging the patient
remained stable, and was discharged on aspirin 81mg QD,
clopidogrel 75mg QD and a cervical collar with instructions
to follow up with neurology for possible intervention in the
future.

Discussion

Stroke is an important factor when evaluating maternal
morbidity and mortality during pregnancy. The incidence
of stroke in this population is currently, 4-40 strokes
per 100,000 pregnancies, and it keeps uptrending when
associated with comorbid conditions such as hypertension,
obesity, hypercoagulable state and cardiac disease [6]. CAD is
recognized as arare etiology for ischemic stroke in pregnancy
(6%) with only about 30 cases reported in literature, mainly
in the postpartum period [9].

The higher risk for CAD during pregnancy may be related
to the different cardiovascular changes that take place during
this period such as increase in cardiac output, increased
blood flow through the carotids, and vascular compliance,
which can increase shearing forces across the endothelial
lining making the vessels more susceptible to intimal tear
and dissection [6]. Additionally, the hypercoagulable state
associated with pregnancy, can lead to the formation of
thrombus at the dissection site and embolism [9].

One of the challenges, that cause delays in the clinical
diagnosis of CAD during pregnancy, is the fact that the
main initial symptom in nonpregnant as well as pregnant
population is headache and neck pain [7]. There is a high
prevalence of headaches during pregnancy associated with
other conditions such as preeclampsia, eclampsia, withdrawal
from caffeine, post lumbar puncture headache, and increased
stress [10]. Thus the use of noninvasive imagines is crucial
for prompt diagnosis under a strong clinical suspicion for
CAD, since immediate therapy with anticoagulation should
be initiated to prevent/minimize damage, particularly with
ischemic lesions [10].

Currently, the 2D fat saturated (FS) T1 weighted
sequence spin echo (SE) is one of the main tools in the
protocol to study cervical artery dissections. Fat suppression
is crucial to be able to differentiate subacute intramural
hemorrhage from surrounding fat tissue since both produce
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hyperintense signal. Although this technique is effective, it
has many limitations: it is time consuming to cover all neck
and head area and is suboptimal on arteries with tortuous
course [6]. The implementation of a 3D FS T1 sequence using
different flip angle evolutions (SPACE) has proven to have
added and possibly better value to the 2D FS T1 SE sequence
on the optimal diagnosis of cervical artery dissection [6]. The
3D T1 FS SPACE main parameters consists of 56 slices with
256 x 256 matrix (with a 512 x 512 interpolation), echo time
22 ms, repetition time 750, variable flip angle, a field of view
of 23 x 23 ¢cm and acquisition time of 3 min 25 sec [11].

Some research studies have already demonstrated the
advantages of the 3D T1 FS SPACE sequence when compared
to the 2D FS T1 SE sequence. This sequence is able to cover
all arterial portions (cervical and intracranial) in a single
acquisition and with specific parameters being SPAIR fat
saturation mode, averages 1.4 shorter acquisition time
(3mins) when compared to the 2S FS T1 SE (11min) [12].
This provides the advantage to detect all lesions in just one
acquisition in a shorter MR protocol time [12]. Additionally
this sequence allows multiplanar reformatting that clearly
delineate the hyper intensity of the intramural hematoma
which facilitates the assessment of the extension of the
dissection, particularly when looking at tortuous arterial
segments such as the carotid petrous entry or the atlas loop
of the vertebral artery that have been previously missed by
2D FS T1 SE [13]. It also makes it easier to analyze vascular
loops, particularly in the V3 segment of the vertebral artery.
In addition it facilitates reproducible comparisons with
gadolinium enhanced MRA [8].

The T1 FS SE sequence has noted limitations in terms of
quality in the presence of magnetic susceptibility artifacts.
Previous case reports have demonstrated the ability of 3D
T1 FS SPACE sequence to overcome magnetic susceptibility
artifacts from dental implants, surgical metallic hardwares
as well as movement artifacts [14,15]. This enhances optimal
analysis of the extension of the dissections. Moreover, it is
also known that the quality of fat suppression is suboptimal
at lower cervical levels, a limitation that is also overcome by
3D T1 FS SPACE sequence [14]. Other advantages of the 3D
T1 FS SPACE sequence reported in literature are its higher
sensitivity for detecting tumors in the cervical region, MS
brain lesions and leptomeningeal abnormalities when
compared to other sequences such as the T1 MPRAGE while
allowing reformatting in any plane [11,16].

Conclusion

Our cases highlight the advantages of adding the 3D
T1 FS SPACE sequence to the protocol for the diagnosis of
cervical artery dissection in women during pregnancy and
postpartum period under the appropriate clinical setting.
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We encourage physicians to consider ordering the SPACE
MRI study for any woman during terminal pregnancy or
puerperium period that presents with persistent headaches,
neck pain and associated neurological symptoms such
as ipsilateral Horner syndrome or TIA, particularly with
underlying risk factors such as preeclampsia, hypertension
and obesity, since they would be at high risk of having cervical
artery dissection. With its many advantages (such as faster
speed of acquisition, greater field of coverage and superior
spatial resolution), 3D SPACE MRI will speed early and
accurate diagnosis of this entity, facilitate prompt treatment,
prevent associated ischemic events and subsequently
decrease the rate of morbidity and mortality in this high risk
population.
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