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Abstract
Introduction: Pulmonary embolism is a leading cause of maternal mortality in the developed world. Ventilation-perfusion scintigraphy
and Computer tomography cause ionizing radiation exposure. Gadolinium-enhanced magnetic resonance imaging is generally not
indicated in pregnant patients. MRI using motion resistant techniques that do not use intravenous contrast material, such as balanced
steady-state free precession may be a better approach in pregnant patients.
Purpose: To describe the preliminary findings of the use of SSFP for the evaluation of pregnant patients with suspected PE, and to
compare with a young women population evaluated with postgadolinium 3D-gradient echo sequences for the same intention.
Materials and Methods: Radiology database was searched for two groups of subjects who underwent chest MRI at 1.5T for suspected
PE, between January, 2007 and June, 2010: pregnant patients with MRI including balanced SSFP (group A) and females younger than
45 years old including a T1-weighted postgadolinium 3D-GRE (group B) sequence. The final study population consisted of 21 subjects.
Blind and independent evaluation of MR images was performed for image quality of the pulmonary arterial system, PE and other chest
findings. Data was subject to statistical analysis.
Results: Good image quality was observed in all central and lobar arteries on both groups and in 90% (group A) and at least 83.3%
(group B) of the segmental arteries. There was no significant difference between groups A and B for image quality of central and lobar
pulmonary arteries (p > 0.05).
Conclusion: SSFP can visualize central, lobar and segmental pulmonary arteries with sufficient image quality in pregnant patients,
comparable to 3D-GRE.
RESUMO
Introdução: A embolia pulmonar é uma importante causa de mortalidade materna no mundo desenvolvido. A cintigrafia de ventilaçãoperfusão e a tomografia computorizada causam exposição à radiação ionizante. A ressonância magnética com contraste-gadolínio
endovenoso não é geralmente indicada em doentes grávidas. A RM utilizando técnicas resistentes aos artefactos de movimento, que
não usam contraste endovenoso, como a balanced steady-state free precession (SSFP) poderá ser uma abordagem preferível em
doentes grávidas.
Objectivo: Descrever os achados preliminares do uso de SSFP na avaliação de doentes grávidas com suspeita de EP, comparando
com uma população de jovens mulheres avaliadas com RM 3D-gradiente eco após contraste-gadolínio pela mesma suspeita clínica.
Materiais e Métodos: O arquivo radiológico foi retrospectivamente analisado para dois grupos de doentes submetidos a RM do tórax
em 1.5T por suspeita de EP, entre Janeiro de 2007 e Junho de 2010: grávidas com RM incluindo SSFP (grupo A) e mulheres com
idade inferior a 45 anos com RM incluindo sequência ponderada em T1, 3D-GRE, após contraste-gadolínio (grupo B). A população
final incluiu 21 doentes. As imagens de RM foram avaliadas com leitura independente e cega, para qualidade de imagem do sistema
arterial pulmonar, EP e outros achados torácicos. Os dados foram submetidos a análise estatística.
Resultados: A qualidade de imagem foi considerada boa em todas as artérias centrais e lobares de ambos os grupos e em pelo menos 90% (grupo A) e 83,3% (grupo B) das artérias segmentares. Não ocorreram diferenças significativas na qualidade de imagem das
artérias pulmonares centrais e lobares entre os grupos A e B (p > 0,05).
Conclusão: A RM com SSFP pode visualizar as artérias pulmonares centrais, lobares e segmentares em doentes grávidas, com
qualidade de imagem adequada e comparável a 3D-GRE.

INTRODUCTION
Pulmonary embolism (PE) is a leading cause of maternal mortality in the developed world.1-4 The incidence of
pulmonary embolism during pregnancy is five times greater
than that for non-pregnant women of the same age.3 The
ability to accurately diagnose PE is essential in order to
treat this life-threatening condition or to prevent unnecessary treatment, as the treatment is associated with side ef-

fects for both mother and fetus.2-4 Clinical manifestation of
PE is often nonspecific and variable, and the assignment
of a clinical pretest probability for PE has not been proven
effective in pregnancy leading to under- or misdiagnosis.1,5-7
Because of this, imaging has assumed a central role in the
diagnosis of PE.1
Ventilation-perfusion (V/Q) scintigraphy and CT pulmo-
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nary angiography (CTPA) have been used as the first line
imaging tests for the diagnosis of pulmonary embolism in
pregnant patients, when compression US of the lower extremities does not result in a positive finding for deep vein
thrombosis.1-6,8,9 Although with comparable results,10 the use
of CTPA and/or V/Q scintigraphy have not been universally
accepted as justifiable imaging strategies for the diagnosis
of PE in pregnant patients because both modalities result
in maternal and fetal radiation exposure.2-6,8,9 It has been
reported that any amount of radiation exposure from these
diagnostic examinations during pregnancy increases the
lifetime risk of developing malignancy in the fetus and proliferating breast tissue of the mother.2-4,8,11,12 Also, in the case
of V/Q scans, up to 21% of pregnant women may have nondiagnostic tests,13 and additional imaging might be needed,
potentially exposing them to further radiation.1 In general,
ionizing radiation techniques have been increasingly used
during pregnancy for several conditions, with CT use increasing by 25% per year.14 This concern with the potential
deleterious effects associated with CT and iodinated contrast agents, and the fact that similar information may be
obtained without the use of ionizing radiation or iodinated
contrast media suggest the need to consider the benefits of
the use of magnetic resonance imaging (MRI) for suspected
PE in pregnant patients.15,16
Gadolinium-enhanced MR angiography (MRA) has
been shown to have high accuracy for the diagnosis of
pulmonary embolism in the general population, its major
potential limitation associated with image degradation due
to motion artifacts.7,17-20 Other techniques, such as three dimensional gradient echo (3D-GRE) /volumetric interpolated
breathhold examination (VIBE; Siemens, Erlangen, Germany) sequences, which are able to evaluate the pulmonary vasculature as well as other structures and organs in
the chest, may be used in patients suspected to have PE.
18,21-25
Recently, complementary benefits to combining different contrast enhanced and non contrast enhanced MRI
approaches for evaluation of PE has been shown.26 However, gadolinium-enhanced MRI is generally not indicated
in pregnant patients, because of safety concerns for the fetus.9,14 In the absence of gadolinium, pregnant patients can
undergo MRI, without reported cases of deleterious effect of
MRI on the developing fetus.27 MRI protocols using motion
resistant bright blood techniques that do not use intravenous contrast material, such as balanced steady-state free
precession techniques (SSFP) may be a better approach in
this specific category of patients.18,22 Also, the difficulties of
having pregnant patients in the magnet bore can be overcome, given that these sequences have already shown success in studying fetus’ cardiac anatomy without sedation.28
Thus, the purpose of our study is to describe the preliminary findings of the use of MRI including SSFP for the
evaluation of pregnant patients with suspected pulmonary
embolism, and to compare with a non-pregnant young
women population evaluated with postgadolinium 3D-GRE
sequences for the same intention.

MATERIALS AND METHODS
Patient Selection
Institutional review board approval with waiver of informed consent was obtained for our HIPAA compliant retrospective study. The Radiology Department database was
searched for consecutive subjects who were pregnant and
underwent chest MRI at 1.5 T including a balanced SSFP
sequence (group A) and for female subjects younger than
45 years old who underwent chest MRI at 1.5 T including a
T1-weighted postgadolinium 3D-GRE sequence (group B),
both for suspected pulmonary embolism, between January,
2007 and June, 2010. The final study population consisted
of 21 subjects. Group A included 6 subjects (mean age ±
standard deviation, 26 ± 7.1) who were pregnant (mean
gestational age ± standard deviation, 17 ± 2.5 weeks).
None of the patients of group A had previous history of PE
and/or deep vein thrombosis. Group B included 15 subjects
(mean age ± standard deviation, 27 ± 6.8). Of these 15,
three were pregnant, one did not have an appropriate intravenous access for computed tomography pulmonary
angiogram (CTPA) and one could not tolerate ventilation/
perfusion (V/Q) scintigraphy. Additionally; 3 subjects had a
past history of PE and/or deep vein thrombosis (DVT), 2
subjects had factor V Leiden deficiency and 2 had sickle
cell disease. The pregnancies were in the second trimester in all three subjects. All subjects from both groups were
referred from the Emergency Department and had chief
complaints including chest pain, dyspnea, syncope and extremity swelling, and underwent chest MRI for the evaluation of suspected PE. MRI examinations were performed
for suspected pulmonary embolism at admission. The decisions to examine the subjects with MRI for suspected
pulmonary embolism, including gadolinium administration,
were made purely for clinical reasons and following discussion of its risks and benefits with the referring physicians
and subjects. Written informed consents about the risks and
benefits of MRI examinations and gadolinium administration to the health of fetus and mother were obtained from
all pregnant subjects. Pregnant subjects that underwent an
MRI protocol with gadolinium administration did so in 2007,
when our institution’s protocol included this approach in selected cases.18,29,30
MRI Technique
MR imaging of the chest was performed on 1.5-T MR
system (Avanto MRI System, Siemens Medical Systems,
Malvern, PA) using a phased-array torso coil, according to
our institution’s Chest MRI protocol for suspected pulmonary embolism, which included a T1-weighted fat saturated
pre and postgadolinium 3D-GRE (VIBE) sequence, as was
the case of subjects included in group B. If contrast administration has deemed contraindicated, a balanced SSFP sequence, multi-slice 2D true fast imaging with steady-state
precession (TrueFISP), was performed instead of the 3DGRE sequence, as was the case with subjects included in
group A. All sequences were acquired in both coronal and
axial planes. Intravenous gadobenate dimeglumine (Multi-
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Hance, Bracco Diagnostics, Princeton, NJ, USA) was administered as a power-injected (Medrad, Pittsburgh, PA,
USA) bolus of 0.1 mmol/kg at 2 ml/second in all subjects
that underwent 3D-GRE. Postgadolinium 3D-GRE sequences were acquired at 5 seconds after the administration of gadolinium. Details of MRI protocol and sequences
used for subjects with suspected pulmonary embolism are
displayed in Table 1.
TrueFISP, or true fast imaging steady-state free precession, is a gradient-echo technique with fully refocused
transverse magnetization, its signal intensity characterized
by the square root of T2/T1. Thus, it provides intensive
blood signal (long T1 and T2). With short TE and short TR
approaches, all tissues with a reasonably long T2-relaxation
time will demonstrate additional signal due to the various
refocused echo paths. These characteristics allow inherent
discrimination of embolic material and patent pulmonary
vessels/blood. This bright blood technique is able to visualize the pulmonary vasculature as well as the lungs and

other structures of the chest and may also be acquired as
a single-shot technique in subjects who are not able to hold
their breath due to respiratory distress.18,22,26
MRI Interpretation
Chest MRI studies of all subjects were independently
and retrospectively evaluated by 2 experienced body radiologists separately (R1 and R2 with 6 years and 5 years of
experience, respectively) who were blinded to the clinical
information and diagnosis of the subjects but were aware
that pulmonary embolism was suspected.
Reviewers evaluated all images of the pulmonary arterial system for diagnostic image quality and the findings of
pulmonary embolism to the level of segmental branches
on SSFP or postgadolinium 3D-GRE sequences in all subjects, according to previously published methods.18,20,22 Additionally, the reviewers examined for other findings in other
structures of the chest including lung parenchyma, heart,
mediastinum, chest wall and diaphragm on all sequences.

Table 1 – Sequences and parameters of chest MRI protocol used for pregnant patients with suspected pulmonary embolism
Sequences

TrueFISP*

Planes

3D-GRE†

Coronal

Axial

Coronal

Axial

TR (ms)‡

2.91

2.97

4.3

4.3

TE (ms)§

1.44

1.48

1.68

1.68

60

60

10

10

256x256

256x192

320x320

320x224

FOV (mm)||

380

300

400

400

Number of Sections

50

50

72

72

Slice Thickness (mm)

5

5

3

3

No

No

Yes

Yes

2

2

2

2

Breath hold

Breath hold

Breath hold

Breath hold

13

13

21

21

Flip Angle (°)
Matrix

Fat Suppression
Parallel Imaging (GRAPPA)¶
Respiratory Control
Acquisition Time (s)**

* True fast imaging with steady-state precession; † Three dimensional gradient echo; ‡ Repetition time (milliseconds); § Echo time (milliseconds); || Field of view (millimeters);
¶ Generalized autocalibrating partially parallel acquisitions; ** seconds.

Table 2 – Definitions of scores for the evaluation of image quality of pulmonary arteries
Image Quality Scores

Definitions

1

Poor image quality and blurring of the arterial segment

2

Fair image quality but inadequate blood signal intensity/arterial enhancement for confident
diagnosis

3

Good image quality and blood signal intensity/arterial enhancement, and adequate definition for
confident diagnosis

4

Excellent image quality and blood signal intensity/arterial enhancement for highly confident
diagnosis
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The reviewers employed both coronal and axial datasets for
SSFP and postgadolinium 3D-GRE sequences to evaluate
the pulmonary arterial system.
The parts of the pulmonary arterial system which were
evaluated by the reviewers were as follows: main, right and
left pulmonary arteries (central pulmonary arteries), five lobar arteries (right upper, right middle, right lower, left upper,
left lower), and 20 segmental arteries for a total of 28 parts.
For each patient, 28 vessel parts were separately assessed
for diagnostic image quality with regard to how clearly the
vessel was defined by using a four point scale (1 - 4): poor
image quality and blurring of the arterial segment (rated 1);
fair image quality but inadequate blood signal intensity/arterial enhancement for confident diagnosis (rated 2); good
image quality and blood signal intensity/arterial enhancement with adequate definition for confident diagnosis (rated
3); and excellent image quality and blood signal intensity/
arterial enhancement for highly confident diagnosis (rated
4). Image quality of an arterial segment was rated to have
probable sufficient diagnostic quality (score of ≥ 3) if the
reviewers were confident that clinically relevant diagnostic
information was visible with clear discrimination between
the blood vessel and background tissue.20 Image quality
was considered nondiagnostic (score of ≤ 2) if the vessel
was blurred or there was inadequate vessel signal intensity/
enhancement.20 Artifacts rendering the arterial parts nondiagnostic were also determined by the reviewers independently.
MRI findings diagnostic of PE were defined as a low signal intensity filling defect in an arterial part (seen in multiple
projections) or abrupt cutoff of the main or lobar pulmonary
arteries.19
Clinical and Imaging Follow-up
Clinical and imaging follow-up data for all subjects were
obtained from the clinical information system and radiology
database. Clinical follow-up included comorbid conditions
(e.g. malignant disease, pulmonary infection) diagnosed
at patient admission or during the subsequent hospitalization, clinical course during or following hospitalization, the
administration of anticoagulant treatment, course of the
a

b

pregnancies, incidence of new PE and/or mortality during
follow-up. The results of additional imaging tests performed
for suspected PE at admission and later during the followup were also obtained. The findings of the reviewers were
compared to each other and the consensus data was also
compared to the original MRI interpretation.
Statistical Analyses
The extent of agreement between the reviewers for the
evaluation of diagnostic image quality of pulmonary arteries was calculated with Kappa statistics. Kappa values less
than 0 were considered to represent no agreement; those
between 0 and 0.40, poor agreement; those between 0.41
and 0.75, good agreement; and those between 0.76 and
1.00, excellent agreement. Mann-Whitney U test was used
to test the null hypothesis that SSFP and postgadolinium
3D-GRE sequences were not different from each other for
the demonstration of separate parts of the pulmonary arterial system based on the diagnostic image quality data. The
significance of difference of the frequencies of diagnostic
and nondiagnostic arterial parts between the two groups
was calculated with Chi-square test for the comparison
between proportions. Kruskal Wallis with post-hoc multiple
comparisons were used to test the null hypothesis that diagnostic image quality of separate parts of the pulmonary
arterial system was not different from each other on SSFP
and postgadolinium 3D-GRE sequences separately. Associations were considered statistically significant if two-tailed
P < 0.05. Analyses were performed by using MedCalc for
Windows, version 11.3.0.0 (Medcalc Software, Mariakerke,
Belgium).
RESULTS
Pulmonary Arterial System Findings
The rate of agreement between the reviewers for the
evaluation of image quality of pulmonary arteries ranged
from 0.66 to 1.0. All central (18/18) and lobar (30 / 30) pulmonary arteries (both reviewers), as well as 90.6% (110
/ 120; reviewer 1) and 90.8% (109 / 120; reviewer 2) of
the segmental arteries were visualized with sufficient image quality (≥ 3) on group A (Table 3) (Fig. 1). All central
c

Fig. 1 – True Fast Imaging Steady-state free precession (TrueFISP) images (a,b,c) in the axial plane of a 30 year/old pregnant woman
with suspected pulmonary embolism, showing different pulmonary vessel parts. Notice the good image quality, signal intensity and definition allowing for confident diagnosis of the main left pulmonary artery (a), emergence of the right superior lobar artery (arrow, a), the main
right pulmonary artery (b) and segmental vessel parts including middle lobe and left lower lobe (arrows, c) pulmonary arteries . Notice the
emergence of the left lower lobe segmental branches (arrow, b). No pulmonary embolism was found at chest MRI or suspected at clinical
follow-up.
Revista Científica da Ordem dos Médicos 362 www.actamedicaportuguesa.com

Herédia V, et al. MRI of pregnant patients for suspected pulmonary embolism: SSFP vs PGL 3D-Gre, Acta Med Port 2012 Nov-Dec;25(6):359-367

Reviewer 1
Vessel Parts

Reviewer 2

Group A*

Group B†

Group A

Group B

Central‡

18/18 (100%)§

45/45 (100%)

18/18 (100%)

45/45 (100%)

Lobar

30/30 (100%)

75/75 (100%)

30/30 (100%)

75/75 (100%)

110/120 (90.6%)

259/300 (83.3%)

109/120 (90.8%)

272/300 (90.7%)

Segmental

* Group A includes patients who underwent chest MRI using TrueFISP (True fast imaging with steady-state precession) in coronal and axial planes; † Group B includes patients who
underwent chest MRI using post gadolinium 3D-GRE (Three dimensional gradient echo) in coronal and axial planes; ‡ Main, right and left pulmonary arteries; § Number of arterial parts
with diagnostic image quality/ total number of arterial parts (proportion of diagnostic arterial parts).

a

b

c

d

Fig. 2 – True Fast Imaging Steady-state free precession (TrueFISP) images in the coronal (a,b) and in the axial (c) planes of a 28 year/
old pregnant woman and T1-weighted post-gadolinium three dimensional gradient-eco (3D-GRE) image in the coronal plane (d) of a 32
year/old woman that underwent MRI for suspected pulmonary embolism. Good image quality, signal intensity and definition for confident
diagnosis were found at central, lobar and most segmental (arrow, c) pulmonary vessel parts both using TrueFISP and 3D-GRE in these
two different patients.

(45 / 45), lobar (75 / 75), and 83.3% (259 / 300; reviewer 1)
and 90.7% (272 / 300; reviewer 2) of the segmental arteries were visualized with sufficient image quality in group B
(Table 3) (Fig. 2).
Ratings of the reviewers for the image quality of vessel parts of the pulmonary arterial system are displayed in
Table 4. Image quality ratings of central pulmonary arteries were not significantly different from the ratings of lobar
arteries on the SSFP sequence for both reviewers and on

postgadolinium 3D-GRE sequence for one reviewer. Image
quality of segmental arteries was significantly lower compared to the ratings of central and lobar arteries on SSFP
and postgadolinium 3D-GRE sequences for both reviewers
(P < 0.0001). There was no significant difference between
SSFP and postgadolinium 3D-GRE sequences for image
quality of central (P = 0.23 for both reviewers) and lobar (P
= 0.06 for reviewer 1 and P = 0.1 for reviewer 2) pulmonary
arteries. Only reviewer 2 (R2) found significant differences
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Table 4 – Results of the pulmonary arterial vessel parts analysis for both reviewers
ARTIGO ORIGINAL

Reviewer 1
Vessel Parts

Reviewer 2

Group A*

Group B†

P‡

Group A

Group B

P

Central§

3.9 ± 0.2||

3.8 ± 0.4

0.23

3.9 ± 0.2

3.8 ± 0.4

0.23

Lobar

3.8 ± 0.4

3.6 ± 0.5

0.06

3.7 ± 0.4

3.6 ± 0.5

0.1

Segmental

2.9 ± 0.3

3.0 ± 0.6

0.09

2.9 ± 0.3

3.1 ± 0.5

0.02

* Group A includes patients who underwent chest MRI using TrueFISP (True fast imaging with steady-state precession) in coronal and axial planes; † Group B includes patients
who underwent chest MRI using post gadolinium 3D-GRE (Three dimensional gradient echo) in coronal and axial planes; ‡ Results of the Mann-Whitney U test. Associations
were considered statistically significant if two-tailed P < 0.05; § Main , right and left pulmonary arteries; || Results of the pulmonary arterial vessel parts analysis are expressed as
average±standard deviation. Scores range from 1(poor) to 4 (excelent) image quality and blood signal intensity/arterial enhancement.

a

b

c

Fig. 3 – True Fast Imaging Steady-state free precession (TrueFISP) images in the coronal (a,b) and axial planes (c) of a 35 year/old pregnant woman with suspected pulmonary embolism and a history of metastatic breast carcinoma. Pericardial effusion causing right heart
compromise which revealed an increase in size of the hepatic veins and inferior vena cava, was identified together with bilateral pleural
effusions, bilateral atelectasis involving posterior regions of both lungs and perihilar parenchymal radiation changes.

between the scores of segmental pulmonary arteries with
3D-GRE and SSFP. R2 found slightly lower and nondiagnostic calculated mean for the SSFP sequence, but there
was no statistical significance of the difference of the proportions of nondiagnostic studies between groups A (8.3%)
and B (13.7%) (P = 0.1). Respiratory motion artifacts were
determined as the cause of nondiagnostic image quality in
all subjects in group B, and both poor blood signal intensity
and motion artifacts in segmental arteries were considered
the cause for nondiagnostic pulmonary artery parts depiction in group A, by both reviewers.
No filling defect in central, lobar or segmental pulmonary
arteries and/or no abrupt cutoff of central or lobar pulmonary arteries were detected by both reviewers in all subjects included in group A. In Group B, PE was identified in
one subject and the reviewers identified the involved arterial segments in complete agreement in that subject. In this
subject who had inadequate access for CTPA and a history
of sickle cell disease, the diagnosis of PE was confirmed
with V/Q scintigraphy performed within 24 h of chest MRI,
which demonstrated high probability for PE. The involved
arteries identified on MRI were concordant with the perfusion defects seen in the involved segments of the lungs on
V/Q scintigraphy.
Other findings were detected in 2 / 6 subjects in group
A and 3 / 15 subjects included in group B by both reviewers. There was no discordance between the reviewers for
the detection of other findings. In group A, subsegmental
atelectasis was detected in the right middle lobe in one patient. In another patient with a history of metastatic breast

carcinoma, pericardial effusion causing right heart compromise which revealed an increase in size of the hepatic veins
and inferior vena cava, was identified together with bilateral
pleural effusions, bilateral atelectasis involving posterior
regions of both lungs and perihilar parencyhmal radiation
changes were detected (Fig. 3). In this patient, all segmental arteries were rated as nondiagnostic on SSFP sequences. In Group B, one patient was found to have three
lung nodules ranging from 2 to 6 mm in size on a follow-up
CT within 24h, but only the largest lesion was identified on
MRI. This difference did not impact patient management. In
another patient, multiple areas of consolidations involving
different segments of both lungs were detected, which was
confirmed with chest X-rays and diagnosed as pneumonia
clinically. In another patient who had sickle cell disease, superior vena cava stenosis was detected and this was confirmed with venography and treated with venoplasty.
Clinical and Imaging Follow-Up
All subjects were followed up clinically for 4.7 ± 2.2
months (group A) and 6.6 ± 3 months (group B) after MRI
examinations. No subjects had additional imaging tests for
the diagnosis of PE at admission. No subjects had clinically suspected PE during the follow-up period. The patient
who had the history of metastatic breast cancer was further hospitalized and treated for cardiac tamponade. Histopathologic proof was obtained that the pericardial effusion
was malignant and secondary to breast cancer. Therapeutic
abortion was also performed in this patient.
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DISCUSSION
The results of our study have shown that all central and
lobar arteries and 90% of segmental arteries were visualized with good image quality on SSFP sequences (group A).
The success rate of SSFP sequences for the demonstration
of lobar arteries in our study concurs with the reported success rate of SSFP for vessel demonstration, which has been
described as 99% accurate in recent studies.18,22 However,
the success rate of SSFP sequences for the demonstration
of segmental arteries was lower in our study compared to
previous studies, which has been reported to be 97%.18,22
Our study has also shown that all central, lobar and at
least 83% of the segmental pulmonary arteries were visualized successfully with sufficient diagnostic quality on postgadolinium 3D-GRE sequences. In our small population, results were comparable between the two approaches (groups
A and B). The success rates of postgadolinium 3D-GRE
sequences for the demonstration of lobar and segmental
arteries concur with the success rates of MRA, which have
been reported to vary in the range of 76-98% and 70-93%;
respectively, in recent studies, with better results in the absence of motion artifacts.7,18,19 The ability to evaluate other
organs in the chest is a major advantage of gadolinium enhanced 3D-GRE compared to MRA, as shown in a prior
study, at least 50% of young adult patients investigation for
PE have some abnormal finding in the chest.21
Image quality ratings of segmental arteries were significantly lower than that of central and lobar arteries on SSFP
and 3D-GRE sequences. This finding is in agreement with
the results of other studies in the literature.17-20,25
One reported advantage of CTPA over MRI is the higher
spatial resolution of CT which theoretically should result in
better definition of small vessel, subsegmental pulmonary
arterial emboli.15 The severity of PE has been related with
its location, with severity increasing with more proximal locations.31 It is at present investigation whether treatment of
isolated distal subsegmental PEs with heparin may result
in greater patient morbidity than benefit.32-36 Patients diagnosed with isolated subsegmental pulmonary emboli have
favorable 3-month outcomes. Short-term prognosis for recurrent thromboembolism may be lower than the risk of adverse events with anticoagulation in patients at high risk of
hemorrhage.37
Motion artifacts are the most important factor associated
with potential degradation of image quality of T1-weighted
contrast enhanced MRI for the evaluation of the pulmonary
vessels,7 which concurs with our results, as 13.7% of the
arterial vessel parts of group B had nondiagnostic quality
due to motion.
This study reflects our clinical experience with imaging pregnant patients for pulmonary embolism. No PE’s
were detected in any of the arterial segments on MRI in
any patient included in group A. No PE was observed in
the pregnant patients in group B as well. Additional imaging tests at admission and/or clinical and imaging follow-up
confirmed this finding. This emphasizes that although the
incidence of PE is higher in pregnancy than in other young

patients, it is still a rare disease in this age group. The incidence of venous thromboembolism in pregnant women
has been estimated to be 5 – 12 events per 10,000 (0.05
-0.12 %) pregnancies antenatally (from conception to delivery), pregnancy associated deep vein thrombosis (DVT)
having an incidence about three times higher than that of
pregnancy-associated PE.1-3 On the other hand, many disease processes in the chest and the physiologic changes
of pregnancy may mimic the symptoms and signs of PE.1,3
Additionally, pulmonary emboli in pregnant patients may be
associated with related or unrelated findings that may affect
therapeutic approaches.1,3 SSFP which is able to evaluate
not only the pulmonary vasculature but also the lung parenchyma, heart, mediastinum, diaphragm and chest wall may
render this method a useful technique for the examination
of pregnant patients who have symptoms and signs suggesting PE, but may in fact have other chest diseases. The
detection of other findings in 2 / 6 (33%) of subjects in group
A provides additional evidence of the value of a technique
that evaluates the entire contents of the thorax.
Postgadolinium 3D-GRE sequences have higher spatial
and contrast resolution compared to the SSFP sequence;
however, the latter has decided advantages, and should be
preferred over postgadolinium 3D-GRE sequence in pregnant patients. SSFP does not require contrast administration, hence avoiding this risk, and can be acquired as a
single shot technique in patients with respiratory distress,
which renders it a motion resistant sequence.18,22 Current
treatment options for PE depend on the prognostic stratification of patients with PE. Mortality for PE is 2% in normotensive patients without evidence of right ventricular dysfunction (RVD), but rises up to 30% in patients with shock
and up to 65% in patients with cardiac arrest at presentation.38 It has been reported that delay and misdiagnosis
of pulmonary embolism is frequent, but much of this data
comes from studies on the elderly.39 Imaging has been reported to correlate well with prognostic stratification in some
studies,40 but further validation is needed in larger population studies and in pregnant patients6,40.
Based on our findings, it may reasonable to consider using SSFP either as a first line modality, reserving postcontrast CT or V/Q for patients who have equivocal findings on
SSFP, or to use SSFP as a short-term follow-up technique,
after the diagnosis of PE has been established by CTPA or
V/Q.41 Further validation of our findings is however needed
before widespread implementation of our suggestion.
Limitations of our study include the small sample size
with its corresponding implications in statistical power, and
the lack of detected PE in subjects evaluated with SSFP.
It is conceivable that future studies may show significant
differences that were not found in this study for the same
tested parameters, although our rating results suggest that
SSFP may potentially be used to evaluate pregnant patients
with suspected PE. It is universally accepted that clear demonstration of high signal in vessels is a definitive surrogate
of the demonstration of patency of vessels and exclusion
of PE. SSFP is an already established technique in which
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flowing blood is high in signal intensity and clot is intermediate to low signal, hence we did not consider it a substantial
set-back that no PE was present as we did not considered
that SSFP required validation as an angiographic test.18,22
The small population size may be also related with the retrospective nature of our study and partly to the more limited
access to MRI comparing to CTPA, as the MRI unit at our
institution is not as close to the emergency department as
the CT scanner. The choice of tests likely depends in part
on physician practice styles and availability of tests. In fact,
it has been reported that only 0.1% of the patients undergo
MRI or MRA of the chest when PE is clinically suspected.42
The recognized diagnostic value and at the same time easy
access of CTPA often mitigates against the emergency department clinician requesting an MRI for the evaluation of
PE.43 In a recent paper, 98% of emergency department physicians reported that CTPA was available at all hours and
30% reported MRI either not available for PE diagnosis or
not available at all hours.43 Another limitation is associated
with the lack of a reference test in all subjects. The absence

of a reference test in all subjects reflects the concern of
radiation and contrast agents in pregnant patients at our
institution. Notwithstanding its limitations, the study reflects
our routine clinical practice and experience for pregnant patients with suspected PE.
CONCLUSION
Balanced SSFP imaging can visualize central, lobar and
segmental arteries with sufficient image quality in pregnant
patients, comparable to 3D-GRE, and thus may potentially
be used to evaluate pregnant patients with suspected PE
successfully. Further validation with prospective studies is
necessary.
CONFLICT OF INTERESTS
None stated.
SOURCES OF FUNDING
None stated.

REFERENCES
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Bourjeily G, Paidas M, Khalil H, Rosene-Montella K, Rodger M. Pulmonary embolism in pregnancy. Lancet. 2010;375:500-12.
Schuster ME, Fishman JE, Copeland JF, Hatabu H, Boiselle PM. Pulmonary embolism in pregnant patients: a survey of practices and policies
for CT pulmonary angiography. AJR Am J Roentgenol. 2003;181:149598.
Matthews S. Short communication: imaging pulmonary embolism in
pregnancy: what is the most appropriate imaging protocol? Br J Radiol.
2006;79:441-4.
Scarsbrook AF, Bradley KM, Gleeson FV. Perfusion scintigraphy: diagnostic utility in pregnant women with suspected pulmonary embolic disease. Eur Radiol. 2007;17:2554-60.
Value of the ventilation/perfusion scan in acute pulmonary embolism.
Results of the prospective investigation of pulmonary embolism diagnosis (PIOPED). The PIOPED Investigators. JAMA. 1990;263:2753-59.
Stein PD, Woodard PK, Weg JG, Wakefield TW, Tapson VF, Sostman
HD, et al. Diagnostic pathways in acute pulmonary embolism: recommendations of the PIOPED II investigators. Am J Med. 2006;119:104855.
Stein PD, Chenevert TL, Fowler SE, Stein PD, Chenevert TL, Fowler
SE et al. Gadolinium-enhanced magnetic resonance angiography for
pulmonary embolism: a multicenter prospective study (PIOPED III). Ann
Intern Med. 2010;152:434-443, W142-433.
Groves AM, Yates SJ, Win T, Kayani I, Gallagher FA, Syed R et al. CT
pulmonary angiography versus ventilation-perfusion scintigraphy in
pregnancy: implications from a UK survey of doctors’ knowledge of radiation exposure. Radiology. 2006;240:765-70.
Patel SJ, Reede DL, Katz DS, Subramaniam R, Amorosa JK. Imaging
the pregnant patient for nonobstetric conditions: algorithms and radiation dose considerations. RadioGraphics. 2007;27:1705-22.
Revel MP , Cohen S , Sanchez O , Collignon MA, Thiam R, Redheuil A,
et al. Pulmonary embolism during pregnancy: diagnosis with lung scintigraphy or CT angiography? Radiology. 2011;258:590–8.
Streffer C, Shore R, Konermann G, Meadows A, Uma Devi P, Preston
Withers J, et al. Biological effects after prenatal irradiation (embryo and
fetus). A report of the International Commission on Radiological Protection. Ann ICRP. 2003;33:5-206.
Winer-Muram HT, Boone JM, Brown HL, Jennings SG, Mabie WC,
Lombardo GT. Pulmonary embolism in pregnant patients: fetal radiation
dose with helical CT. Radiology. 2002;224:487-92.
Chan WS, Ray JG, Murray S, Coady GE, Coates G, Ginsberg JS. Suspected pulmonary embolism in pregnancy: clinical presentation, results

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

of lung scanning, and subsequent maternal and pediatric outcomes.
Arch Intern Med. 2002;162:1170-75.
Chen MM, Coakley FV, Kaimal A, Laros RK, Jr. Guidelines for computed
tomography and magnetic resonance imaging use during pregnancy
and lactation. Obstet Gynecol. 2008;112:333-40.
Tapson VF , Carroll BA , Davidson BL , Elliott CG, Fedullo PF, Hales
CA, et al. The diagnostic approach to acute venous thromboembolism:
clinical practice guideline—American Thoracic Society . Am J Respir Crit
Care Med 1999;160(3):1043–66 .
Hochhegger B, Marchiori E, Zanetti G, Irion KL. MR imaging in pulmonary embolism during pregnancy. Radiology. 2011;260:304-5;
Ohno Y, Higashino T, Takenaka D, Sugimoto K, Yoshikawa T, Kawai H,
et al. MR angiography with sensitivity encoding (SENSE) for suspected
pulmonary embolism: comparison with MDCT and ventilation-perfusion
scintigraphy. AJR Am J Roentgenol. 2004;183:91-8.
Kluge A, Luboldt W, Bachmann G. Acute pulmonary embolism to the
subsegmental level: diagnostic accuracy of three MRI techniques compared with 16-MDCT. AJR Am J Roentgenol. 2006;187:W7-14.
Ersoy H, Goldhaber SZ, Cai T, Luu T, Rosebrook J, Mulkern R, et al.
Time-resolved MR angiography: a primary screening examination of
patients with suspected pulmonary embolism and contraindications to
administration of iodinated contrast material. AJR Am J Roentgenol.
2007;188:1246-54.
Nael K, Michaely HJ, Kramer U, Lee MH, Goldin J, Laub G, et al. Pulmonary circulation: contrast-enhanced 3.0-T MR angiography--initial
results. Radiology. 2006;240:858-68.
Heredia V, Ramalho M, Zapparoli M, Semelka RC. Incidence of pulmonary embolism and other chest findings in younger patients using multidetector computed tomography. Acta Radiol. 2010;51:402-6.
Kluge A, Muller C, Hansel J, Gerriets T, Bachmann G. Real-time MR with
TrueFISP for the detection of acute pulmonary embolism: initial clinical
experience. Eur Radiol. 2004;14:709-18.
Bader TR, Semelka RC, Pedro MS, Armao DM, Brown MA, Molina PL.
Magnetic resonance imaging of pulmonary parenchymal disease using
a modified breath-hold 3D gradient-echo technique: initial observations.
J Magn Reson Imaging. 2002;15:31-8.
Karabulut N, Martin DR, Yang M, Tallaksen RJ. MR imaging of the chest
using a contrast-enhanced breath-hold modified three-dimensional gradient-echo technique: comparison with two-dimensional gradient-echo
technique and multidetector CT. AJR Am J Roentgenol. 2002;179:122533.
Altun E, Heredia V, Pamuklar E, Zapparoli M, Semelka RC. Feasibil-

Revista Científica da Ordem dos Médicos 366 www.actamedicaportuguesa.com

26.

27.

28.

29.

30.

31.

32.

33.

ity of post-gadolinium three-dimensional gradient-echo sequence to
evaluate the pulmonary arterial vasculature. Magn Reson Imaging.
2009;27:1198-1207.
Kalb B, Sharma P, Tigges S, Ray GL, Kitajima HD, Costello JR, et al.
MR imaging of pulmonary embolism: diagnostic accuracy of contrastenhanced 3D MR pulmonary angiography, contrast-enhanced low-flip
angle 3D GRE, and nonenhanced free-induction FISP sequences. Radiology. 2012;263:271-8.
Kok RD, de Vries MM, Heerschap A, van den Berg PP. Absence of harmful effects of magnetic resonance exposure at 1.5 T in utero during the
third trimester of pregnancy: a follow-up study. Magn Reson Imaging.
2004;22:851-4.
Saleem SN . Feasibility of MRI of the fetal heart with balanced steadystate free precession sequence along fetal body and cardiac planes .
AJR Am J Roentgenol. 2008 ; 191: 1208 – 15 .
Kanal E, Barkovich AJ, Bell C, Borgstede JP, Bradley WG Jr, Froelich
JW, et al. ACR guidance document for safe MR practices: 2007. AJR Am
J Roentgenol. 2007;188:1447-74.
Webb JA, Thomsen HS, Morcos SK. The use of iodinated and gadolinium contrast media during pregnancy and lactation. Eur Radiol.
2005;15:1234-40.
Ghanima W, Abdelnoor M, Holmen LO, Nielssen BE, Sandset PM. The
association between the proximal extension of the clot and the severity
of pulmonary embolism (PE): a proposal for a new radiological score for
PE. J Intern Med. 2007;261:74-81.
Eyer BA, Goodman LR, Washington L. Clinicians’ response to radiologists’ reports of isolated subsegmental pulmonary embolism or inconclusive interpretation of pulmonary embolism using MDCT. AJR Am J
Roentgenol. 2005;184:623-28.
Prologo JD, Gilkeson RC, Diaz M, Cummings M. The effect of single-detector CT versus MDCT on clinical outcomes in patients with suspected
acute pulmonary embolism and negative results on CT pulmonary angiography. AJR Am J Roentgenol. 2005;184:1231-5.

34. Goodman LR. Small pulmonary emboli: what do we know? Radiology.
2005;234:654-8.
35. Engelke C, Rummeny EJ, Marten K. Pulmonary embolism at multidetector row CT of chest: one-year survival of treated and untreated
patients. Radiology. 2006;239:563-75.
36. Desai SR. Unsuspected pulmonary embolism on CT scanning: yet another headache for clinicians? Thorax. 2007;62:470-2.
37. Donato AA, Khoche S, Santora J, Wagner B. Clinical outcomes in patients with isolated subsegmental pulmonary emboli diagnosed by multidetector CT pulmonary angiography. Thromb Res. 2010;126:e266-70.
38. Masotti L, Righini M, Vuilleumier N, Antonelli F, Landini G, Cappelli R,
et al. Prognostic stratification of acute pulmonary embolism: focus on
clinical aspects, imaging, and biomarkers. Vasc Health Risk Manag
2009;5:567-75.
39. Alonso-Martinez JL, Sanchez FJ, Echezarreta MA. Delay and misdiagnosis in sub-massive and non-massive acute pulmonary embolism. Eur
J Intern Med. 2010;21:278-82.
40. Qanadli SD, El Hajjam M, Vieillard-Baron A, Qanadli SD, El Hajjam M,
Vieillard-Baron A, et al. New CT index to quantify arterial obstruction in
pulmonary embolism: comparison with angiographic index and echocardiography. AJR Am J Roentgenol. 2001;176:1415-20.
41. Kluge A, Gerriets T, Lange U, Bachman G. MRI for short-term followup of acute pulmonary embolism. Assessment of thrombus appearance
and pulmonary perfusion: a feasibility study. Eur Radiol. 2005;15:196977.
42. Bhargavan M, Sunshine JH, Lewis RS, Jha S, Owen JB, Vializ J. Frequency of use of imaging tests in the diagnosis of pulmonary embolism:
effects of physician specialty, patient characteristics, and region. AJR
Am J Roentgenol. 2010;194:1018-26.
43. Jha S, Ho A, Bhargavan M, Owen JB, Sunshine JH. Imaging evaluation
for suspected pulmonary embolism: what do emergency physicians and
radiologists say? AJR Am J Roentgenol. 2010;194:W38-48.

Revista Científica da Ordem dos Médicos 367 www.actamedicaportuguesa.com

ARTIGO ORIGINAL

Herédia V, et al. MRI of pregnant patients for suspected pulmonary embolism: SSFP vs PGL 3D-Gre, Acta Med Port 2012 Nov-Dec;25(6):359-367

