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Program Overview
Our Department prides itself on being supportive of its fellows and places strong emphasis on the quality
of teaching on a person-to-person basis. Please see our website:
http://www.bidmc.org/MedicalEducation/Departments/Radiology/Fellowships.aspx
Departmental
Daily didactic morning conferences are held for the residents. The fellows are welcomed to attend these
conferences as their schedule permits. Department faculty, residents and fellows provide most didactic
lectures, with frequent lectures from outside HMS faculty, past residents, as well as guest lecturers from
around the world. Visiting professors from other major teaching centers in the United States and abroad
spend varying periods of time in the Department. Some have taken sabbatical leave at the Beth Israel
Deaconess Medical Center.
Medical Center
Radiology also has a close working relationship with a number of clinical services outside our
department, which allows Radiology to participate in a number of management conferences, including
Medical Management, Melanoma Management and Urology Management, as well as Chest, Pancreaticobiliary, and Liver conferences; Medical Grand Rounds, Surgical Grand Rounds, and others.
Boston
As befits a great medical city, there are many great medical conferences sponsored not only by Harvardaffiliated programs, but also by a number of other medical centers. The monthly New England Roentgen
Ray Society meeting is one of the more popular Radiology meetings that also includes a special program
for residents and fellows. Seminars and lectures in radiology are also held at adjacent Harvard-affiliated
hospitals which include the Brigham and Women’s Hospital and Boston Children’s Hospital.
Current Radiology Fellowships:
•
•
•
•
•
•
•

Abdominal Imaging
Body MRI
Breast Imaging
Cardiothoracic Imaging
Musculoskeletal
Neuroradiology
Vascular & Interventional
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Cardiothoracic Imaging
Applications Closed for
2016-2017 Academic Year

Positions available: 1 per year
Length of fellowship: One year
Forms: Application
Applications accepted: Starting April 10, annually

Applications for 2017-2018 Academic Year are
being accepted as of April 10, 2015

Overview
This one-year fellowship provides involvement in clinical, educational and research thoracic imaging
activities and provides excellent preparation for a career in academic radiology or private practice.
The division of Cardiothoracic Imaging at BIDMC and Harvard Medical School has been at the forefront of
recent advances in thoracic imaging from both clinical and research perspectives and provides a strong
academic environment for fellowship training. Our fellows are involved in all aspects of clinical thoracic
imaging under the supervision of the program director and the thoracic imaging faculty. Additionally,
our fellows receive mentoring, academic time, and support for teaching and research activities. Our
fellows are exposed to the full spectrum of cardiothoracic disorders and a variety of diagnostic imaging
methods, including CT angiography, high-resolution chest CT, functional imaging, and state-of-the-art
3-d reconstruction techniques and post-processing methods. Dedicated time (3 months) is also provided
for fellows to spend in the Cardiovascular Imaging Section, providing training and clinical experience in
state-of-the art imaging of the heart and vascular system using CT and MRI.
Departmental resources include: 7 CT scanners (including 64-slice and 320-slice multidetector CT
scanners and a CT-fluoroscopy unit), 3 DR units, 8 MR scanners (including 1.5-T and 3.0-T clinical and
research units), an integrated PET-CT scanner, a fully implemented PACS system, two 3-D imaging labs,
and a state-of-the-art, ergonomically-designed chest reading room.
The thoracic imaging section is comprised of 7 faculty members with a diversity of interests spanning all
facets of cardiothoracic imaging. Our faculty members include experienced clinicians and researchers,
award-winning educators, and editors of general radiology and subspecialty journals.
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Section Overview and Clinical Activities:
Under the direction of Dr. Alexander A. Bankier, Section Chief, members of the division contribute
collaboratively to its clinical, teaching, and research missions. Leadership within the section is shared
and includes the following roles: Dr. Alex Bankier, Director of Respiratory Functional Imaging, leads
the research activities of the section; Dr. Paul Spirn is the QA officer of the section; Dr. Ron Eisenberg
oversees resident education and also serves as the liason for resident QA projects; Dr. Diana Litmanovich
is Director of Cardiac Imaging and represents the section on the CT Clinical Operations committee.
Drs. Phil Boiselle and Janneth Romero also contribute to these important functions, and Meredith
Cunningham provides outstanding administrative support. The section interprets more than 80,000
exams per year and is recognized for providing timely and expert interpretation of thoracic imaging
studies with a service-oriented approach to referring clinicians, as evidenced by its participation in a
variety of multidisciplinary conferences. Several of our faculty members also interpret studies for our
community sites and/or for other sections.
Teaching:
The section takes pride in its educational
activities, which span from local to
international. The section holds a variety
of teaching conferences for residents
and fellows. Several faculty members
are recipients of awards for teaching and
mentoring. Most recently, Dr. Paul Spirn
was recognized by the department’s
2012 Award for Excellence in Teaching
Medical Students and Dr. Phil Boiselle
was awarded the Robert E. Lenkinski
Excellence in Academic Mentoring Award.
Faculty members also have several
educational leadership roles. In May 2012,
Dr. Boiselle was appointed Associate Dean
for Academic and Clinical Affairs at Harvard Medical School. Dr. Alex Bankier is Director of the Resident
Scholar’s Track Program and Dr. Boiselle is Co-Director of the Resident Mentoring Program. Regionally,
Dr. Bankier has served as Educational Co-Chair for the New England Roentgen Ray Society (NERRS) and
Dr. Boiselle is Past-President of this organization and continues to serve as a member of the Executive
Committee. Nationally, Dr. Boiselle is the Director of the Chest Refresher Course at RSNA. In recent years,
the section has also been increasing its international educational mission through visiting international
fellowships and professorships. Section members have also lectured at Harvard CME courses and
meetings of the ARRS, RSNA, STR, NASCI and ECR, among others. Section members have also served as
lead authors or editors for several recently published textbooks, including Case Review: Thoracic Imaging,
2nd Ed (Boiselle), Clinical Imaging: An Atlas of Differential Diagnosis, 5th Ed (Eisenberg), Imaging of Diseases
of the Chest, 5th Ed (Bankier), Medical Imaging: What You Need to Know (Eisenberg), and Thoracic Imaging:
The Requisites, 2nd Ed. (Boiselle). The section has also been recognized for its mentoring of residents
and fellows in educational and research projects. Drs. Ron Eisenberg and Alex Bankier have mentored
numerous residents and fellows in authoring publications in the popular “Pattern of the Month” series
in the Resident’s Section of AJR. Our fellows have also successfully presented educational and research
projects at local, regional, and national meetings.
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Research:
The section has a very active research division that is directed by Dr. Bankier, who runs a successful
weekly research meeting that includes both didactic sessions and work-in-progress presentations. The
section is currently involved in 3 grant-funded studies, including the NCI/ACRIN-sponsored National Lung
Screening Trial, the NIH-sponsored “CT Diagnosis of Tracheomalacia in COPD” trial, and a NIOSH-Liberty
Mutual sponsored ergonomic study. An industry-supported computer aided detection study is also
underway. The section is a recognized leader in several areas of investigation, including: airway imaging,
emphysema, functional imaging, radiation dose reduction, imaging of pregnant patients, and outcome/
utilization studies. Section members have published numerous articles in highly regarded peer-reviewed
journals in the past year and have presented abstracts at the RSNA, ARRS, ECR, and STR meetings. Several
faculty members also play important editorial roles for several radiology journals, including Dr. Bankier
as Deputy Editor of Radiology, Dr. Boiselle as Editor-in-Chief of the Journal of Thoracic Imaging, and Dr.
Eisenberg as Special Consulting Editor for AJR. Dr. Diana Litmanovich serves as an ad-hoc reviewer for
the Journal of Thoracic Imaging and was recognized by the journal’s Editor’s Recognition Award for her
scholarly reviews.
Applying
Applications are being accepted for the academic year 2017-2018
as of April 10, 2015. Please send (3) letters of recommendation
(with one letter being from your residency director), CV, personal
statement, and application form to the fellowship director, Diana
Litmanovich, MD.
Diana Litmanovich, MD
Director, Cardiothoracic Imaging Fellowship
Department of Radiology
Beth Israel Deaconess Medical Center, E/CC-4
330 Brookline Ave.
Boston, MA 02215
617-667-3116 (phone)
617-667-0665 (fax)
dlitmano@bidmc.harvard.edu

Please note:
All applicants (both US and
foreign graduates) must have
taken and passed:
• USMLE Step 1
• Step 2 CK
• Step 2 CS
in order to be considered for an
interview.
Foreign Medical Graduates
(FMGs) are required to have
obtained ECFMG certification
in order to be considered for an
interview.
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Phillip M. Boiselle, MD

Alexander A. Bankier, MD PhD

Staff Radiologist, Cardiothoracic Imaging
Professor of Radiology and
Associate Dean for Academic and Clinical Affairs,
Harvard Medical School
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Fellowships
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Cum Laude, Shades of Gray:
RSNA 2010

Phillip M. Boiselle MD1
Diana Litmanovich MD1
Carl O’Donnell PhD2
David Roberts MD2
Alexander A. Bankier MD1

The Broadening Spectrum of Anatomical and Functional Airway Findings
on MDCT Scans that May Mimic Disease in Healthy Individuals

Beth Israel Deaconess Medical Center
Dept of Radiology1, Pulmonary Medicine2
Harvard Medical School, Boston, MA

Introduction

Part I. Structural Assessment of Bronchi at End-Inspiration

Part II. Functional Assesssment of Large Airways During Forced Expiration

Part III. Functional Assesssment of Small Airways At End-Expiration

Summary

Recent advances in knowledge about
the structure and function of the
airways are evolving from a binary black
and white modell of either health or
disease towards a more complex gray
scale spectrum, with a potential overlap
of findings which may be considered as
normall or abnormal.

The bronchi have a regular branching pattern that parallels the pulmonary arteries. As a general rule, the external
diameters of the paired bronchus and artery are similar in size, resulting in a ratio of diameter of approximately 1.
Although a bronchoarterial ratio > 1 is often considered diagnostic of bronchiectasis, it is important to be aware that
healthy individuals may exhibit a ratio of up to approximately 1.5. Additionally, the bronchoarterial ratio may be elevated
at high altitudes (due to both hypoxic vasoconstriction and bronchodilation) and among healthy individuals >75 years of
age. However, even in these settings, the bronchoarterial ratio is usually ≤ 2.

In response to changes in transpulmonary pressures (airway - pleural)
during the respiratory cycle, the trachea and bronchi normally dilate
during inspiration and narrow during expiration. Tracheobronchomalacia
(TBM) refers to excessive expiratory collapse due to weakness of the airway
walls and supporting cartilage. Although >50% expiratory reduction in
the airway lumen has been considered diagnostic of TBM, it is important
to be aware that healthy individuals can frequently exceed this level.
Indeed, recent studies of healthy volunteers with normal pulmonary
function have reported mean levels of expiratory collapse in the trachea,

End-expiratory CT imaging is routinely performed to assess for expiratory
air trapping, which is defined as areas of lung parenchyma which fail to
exhibit the expected increase in lung attenuation and reduction in volume
at expiration. Although expiratory air trapping is generally considered
diagnostic of obstructive small airways disorders such as obliterative
bronchiolitis, it is important to be aware that expiratory air trapping may be
observed at CT in a majority of healthy individuals. This finding increases
with age and is also strongly associated with a history of cigarette smoking.

1. Recent advances in knowledge are leading us
away from a simplistic “black and white” model of
health and disease towards a more complex gray
scale.

Table I. Bronchoarterial Ratio

The purpose of this exhibit is two-fold:

Normal

Gray Zone

Abnormal

1) To familiarize radiologists with the
broadening spectrum of structural
and functional findings in the
large and small airways that may
be observed on MDCT of healthy
individuals.

≤1

1.1-2.0

>2

right and left main bronchi of 54, 67 and 61%, respectively. Moreover, in
a minority of healthy individuals, the bronchus intermedius may show
complete expiratory collapse. Expiratory tracheal morphology may assist in
distinguishing normal variation in expiratory collapse from tracheomalacia.
Whereas mild to moderate anterior bowing of the posterior membranous
wall is frequently observed in healthy individuals, a crescentric or “frownlike” expiratory configuration of the trachea has a high specificity for
tracheomalacia.

For example, it has been reported to occur in 76% of individuals >61 years
of age but in fewer than 25% of individuals <30 years of age. Thus, it is not
the mere presence of expiratory air trapping that allows for a distinction
between health and disease. Rather, the percentage of lung parenchyma
affected by air trapping may aid in this distinction, with >25% generally
considered abnormal. Moreover, air trapping occurring in non-dependent
parts of the lungs may be an indicator of underlying airway pathology.

Table III. Percentage Lung Parenchyma Demonstrating End-Expiratory Air Trapping

Table II. Percentage Forced Expiratory Tracheobronchial Collapse
Normal

Gray Zone

Abnormal

Normal

Gray Zone

Abnormal

≤ 50%

51-90%

>90%*

0%

1-25%

>25%

2. Bronchial dilation, expiratory tracheobronchial
collapse, and air trapping are examples of
radiological findings with “gray zones” that may
be observed in healthy individuals and may not
necessarily represent clinically relevant disease.
3. Both knowledge of the normal range and
correlation of findings with known risk factors and
symptoms will assist in successful navigation of
the “gray zone” between health and disease.

Figure 3A and B. Normal appearance of
air trapping. In inspiration (3A), the lung
parenchyma is normal. In expiration (3B), only
individual secondary pulmonary lobules (red
arrows), mainly in the dependent parts of the
lungs, display air trapping.
Figure 3C and D. Grey zone. In inspiration (3C),
the lung parenchyma is normal. In expiration,
about 25% of the lung parenchyma displays air
trapping (red arrows).

2) To assist radiologists in separating
potentially clinical airways disease
from normal variations that mimic
disease.

A

B

C

A

C

C

A

E

E

Figure 1A. Normal bronchoarterial ratio. Bronchial diameter (red arrow) and arterial diameter (yellow arrow) are
practically identical. The bronchoarterial ratio is ≤1.
Figure 1B: Grey zone. Despite substantial thickening of the bronchial wall, the bronchial diameter (red arrow) is also
slightly bigger than the diameter of the accompanying artery (yellow arrow). The bronchoarterial ratio is 1.1 – 2.0.
Figure 1C. Abnomal bronchoarterial ratio. The bronchial diameter (red arrow) is substantially bigger than the diameter
of the accompanying artery (yellow arrow), resulting in a bronchoarterial ratio of ≥2. Typically, this appearance is called
“signet ring sign”, with the larger bronchus being the “ring” and the smaller artery being the “signet”.

Figure 3E and F. Abnormal appearance of
air trapping. In inspiration (3E), the lung
parenchyma is almost normal, showing slight
inhomogeneities in attenuation. In expiration
(3F), these inhomogeneities are accentuated,
showing large areas of hypoattenuation
reflecting air trapping and exceeding > 25%
of the lung parenchyma as compared to
inspiration.
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Tips for successfully navigating the Gray Zone
 Check patient age and altitude level at which CT is performed.
 Check for technical adequacy of the study, notably as related to the degree of inspiration.
 Assess for clinical symptoms of bronchiectasis, including chronic cough with purulent sputum,
recurrent pulmonary infections and/or hemoptysis.

 Assess for risk factors of bronchiectasis, such as genetic disorders (e.g. cystic fibrosis), structural

abnormalities, childhood infections (e.g. pertussis and tuberculosis), chronic aspiration or aspirated
foreign body, and others.

 Pulmonary function testing is useful for functional assessment of symptomatic bronchiectasis, but it is
not generally warranted in asymptomatic patients.

B

D

F

rest or with exertion, and recurrent infections.

Take Home Point
In the absence of symptoms or risk factors, the incidental detection of a bronchoarterial
ratio ≤ 2 is of unlikely clinical significance.

Assess for risk factors of TBM, such as COPD, prior intubation, polychondritis, and others.
Correlation with pulmonary function testing. Although characteristic findings have

been reported in some patients, they are not diagnostic. Thus, results of pulmonary
function tests may help support a diagnosis of TBM among symptomatic patients, but
they are not generally indicated in asymptomatic patients.
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Tips for successfully navigating the Gray Zone
 Assess for symptoms of obstructive small airways disease, including an insidious onset of cough
and dyspnea.

 Check the technical adequacy of the study and patient age.

Tips for successfully navigating the Gray Zone
Assess for symptoms of TBM, including chronic cough, sputum production, dyspnea at

D

B

Figure 2A and B. Normal expiratory tracheal collapse. In inspiration (2A), the tracheal shape is normal. In expiration (2B), the
percentage collapse of the tracheal lumen is ≤50% as compared to the diameter in inspiration, thus indicating normality (arrow).
Figure 2C and D. Grey zone. In inspiration (2C), the tracheal shape is normal. In expiration (2D), however, the percentage collapse
exceeds 50%, giving the trachea a typical frown-like appearance (arrow).
Figure 2E and F. Abnormal expiratory tracheal collapse. In inspiration (2E), the tracheal shape is normal. In expiration (2F), there is
a near total collapse of the tracheal lumen that must be considered as abnormal (arrow).

 Assess for risk factors of obstructive small airways disease, such as smoking, post-transplantation,
Take Home Point
In the absence of symptoms or risk factors, the
incidental detection of tracheobronchial expiratory
collapse of <90% may not necessarily be clinically
relevant. For individuals in the high range of the
gray zone (70-90%), clinical monitoring for the
development of symptoms may be considered to
exclude a preclinical stage of TBM.

inhalational injury, childhood viral infection and drugs (e.g. busulfan, gold, penicillamine).

 Pulmonary function testing may show obstructive changes with air trapping. Thus, pulmonary

function tests may help support a diagnosis of obliterative bronchiolitis among symptomatic
patients, but they are not generally indicated in asymptomatic patients with incidentally detected
expiratory air trapping.

Take Home Point
In the absence of symptoms or risk
factors, the incidental detection of
expiratory air trapping involving
1-25% of the lung parenchyma is of
unlikely clinical significance.
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Cum Laude,
STR 2008
Pulmonary Embolism in Pregnancy: Current Concepts and Controversies

Table I. CT PULMONARY ANGIOGRAM (CTPA)

Pahade J1, Litmanovich D1, Pedrosa I1, Romero J, Bankier AA1, Vadnais M2, Boiselle PM1

ADVANTAGES

Departments of Radiology1 and Obstetrics and Gynecology2, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA
INTRODUCTION
Pulmonary embolism (PE) is the leading preventable cause of maternal death
during pregnancy with untreated mortality rates approaching 15-30%. Contributing
factors include increased venous stasis, pregnancy-related hypercoagulability,
prolonged bed rest, diminished fibrinolysis, and familial predisposition. A diagnosis
of PE in pregnancy has important implications, including the need for prolonged
anticoagulation therapy, the potential need for prophylaxis during future pregnancies,
and concern about future oral contraceptive use and estrogen therapy. Thus, when
PE is suspected clinically, there is a need for a confident and definitive diagnosis or
exclusion of this entity.

1. Clinical and Laboratory Evaluation of Suspected PE in
Pregnancy:
Similar to the general population, the clinical diagnosis of PE is hampered by
poor sensitivity and specificity of clinical findings. In the pregnant patient, this
is exacerbated by normal physiologic changes during pregnancy that may mimic
symptoms classically associated. These factors limit the ability to evaluate and triage
pregnant populations into risk groups for PE using the Wells criteria.
The role of D-Dimer in pregnancy is limited by a rise above reference ranges as
pregnancy progresses. However, levels appear to remain below threshold for up to 16
weeks and no data exists to suggest that pregnancy may falsely lower levels. Thus, Ddimer may be helpful in assessing patients in the early stages of pregnancy. Although
a majority of women in mid and late stages of pregnancy display elevated levels, some
women will have normal values, which may still be useful when trying to exclude PE.
Newer serum makers such as fibrin monomer complex may play a role in the future.

a.

b.
Figure 2
28 year old, G2P0010 at 20 wks with history
of DVT and Anti-phospholipid antibody
presented with 1-2 weeks of right lower
extremity swelling and right sided chest pain.
Color lower extremity ultrasound demonstrated
lack of flow and echogenic thrombus within
the right deep femoral vein (arrow) and normal
contralateral vessel (a and b). Subsequently
obtained CTPA demonstrated a RUL PE
(arrow) (c). Confident diagnosis of PE was
made despite suboptimal timing of contrast
bolus.

c.

as the new gold standard for diagnosing PE in the general population and has been
widely used in the setting of pregnancy. CTPA advantages (Table I) include its
rapidity, widespread accessibility, direct visualization of clot burden (Figures 3 and
4), and ability to diagnose alternative etiologies. Although it has been reported to
impart a lower fetal radiation dose than V/Q scans, it clearly imparts a much higher
breast dose to the patient (Table IV). Additionally, it has the inherent risks of contrast
reaction. No studies in humans to date have shown fetal risks from intravenous
contrast administered for CT studies. Although there is no convincing evidence in
the literature to support the theoretical risk of inducing thyroid dysfunction, it should
be noted that thyroid function screening is performed routinely for all neonates in
the United States. CT venography is not recommended in pregnancy due to dose
concerns.

Imaging pregnant patients with suspected PE should adhere to the ALARA (As Low
As Reasonably Achievable) principle and should begin with rapidly available tests that
provide diagnostic information using little to no ionization radiation. These “first line”
exams include chest radiography and focused lower extremity ultrasound.

Chest radiography is a low dose exam that screens for other potential etiologies

Lower extremity ultrasound is a test for deep venous thrombosis that
involves no radiation exposure. The overall estimated rate of venous thromboembolism
in pregnancy ranges from 0.06-1.8%, but the frequency among patients with clinical
suspicion for PE is uncertain. Importantly, a positive exam (Figure 2) allows
appropriate initiation of treatment without exposing the fetus or mother to radiation.
Although clearly indicated as a first-line test among pregnant women with symptoms
of DVT, its role in the absence of leg symptoms is uncertain. Importantly, a negative
examination warrants further imaging in the setting of suspicion for PE as isolated
DVT of pelvic veins (i.e., iliac and gonadal veins) may occur in the presence of patent
lower extremity veins and because PE may
be present in the absence of DVT.

Conventional pulmonary angiography currently plays a very limited role

The primary concern in imaging PE during pregnancy stems from the associated
radiation exposure to the mother and fetus. Table IV displays the range of reported
doses for various imaging tests for PE. Importantly, a combination of chest radiograph,
V/Q scan, CTPA, and traditional pulmonary angiogram exposes the fetus to less then
1mGy, which is well below the accepted limit of 50mGy for induction of deterministic
effects in the fetus and less than the background radiation dose to the fetus. The major
risk of radiation below this level is cancer induction with an estimated incidence of
childhood cancer following in utero radiation of 1 in 16,000 per mGy. Regarding
breast cancer risk to the mother, it has been estimated that a patient’s relative risk at
age 25 increases by 1.1% following one 64-detector CTPA exam. However, the risk in
pregnancy is likely increased. Multiple methods for dose reduction are currently being
investigated (Table V and VI) especially using CTPA (Table VII and Figure 7).

in PE imaging in the general population, and it has almost no role in the pregnant
population. A potential exception is when other tests such as CTPA and V/Q scan have
been non-diagnostic.

a.

c.

b.
Figure 3
25 year old G5P3013 at 14 weeks with
chest pain and hemoptysis. CTPA
demonstrates acute thrombus (white
arrows) within the left lower posterior
basal segmental artery (a), peripheral
ground glass opacity (black arrow)
suggestive of hemorrhage or infarction
(b), and resolution 6 months after
treatment (c) when she was imaged for
suspected recurrent PE.

DISADVANTAGES

• Physiologic changes of pregnancy may increase non-diagnostic
rate
• High maternal/breast radiation dose
• Inherent false positive and negative rate, especially in those at low
and high risk by clinical staging, respectively
• Risk of iodinated contrast (contraindicated with history of
anaphylactic reaction)

CLINICAL
IMPLICATIONS

• Provides confident diagnosis. Estimation of clot burden may be
useful on future exams (Figure 3)
• Alternative diagnosis (e.g. pneumonia) on CT may stop work-up
(Figure 1)
• Non-diagnostic exam may require repeat exam or serial
ultrasounds

FUTURE OUTLOOK • Already considered new “gold” standard for imaging the general
population. Future guidelines pending to determine status in
pregnant population
• Clinical application of dose reduction techniques to minimize
overall radiation dose without compromising accuracy (Figure 7
and Table VII)

Table II. VENTILATION PERFUSION SCINTIGRAPHY (V/Q
SCAN)

CT pulmonary angiography (CTPA) is gaining widespread acceptance

2. Imaging Choices:

of symptoms (Figure 1) and may also guide the choice of whether to pursue
ventilation-perfusion imaging (considered only if CXR is normal in order to minimize
non-diagnostic rate) or CT angiography.

3. Radiation Concerns

CTPA but is still widely used. Its use in the pregnant population is associated with a
lower non-diagnostic rate of 7-25% than that for the general population. A normal V/
Q scan (Figure 5) can effectively exclude PE and high probability scans have 85-90%
positive predictive value. The major disadvantages of this method are the lack of direct
visualization of emboli and inability to make an alternative diagnosis (Table II).

The clinical pathway for evaluating pregnant patients with suspected PE has been a
topic of debate and is highly variable based on institution, resource availability, and
individual practice patterns of radiologists and referring clinicians. In the absence
of standard guidelines, there is a need to familiarize radiologists with the relative
merits and limitations of various diagnostic imaging tests and the availability of dose
reduction methods.
This exhibit begins with a brief review of the clinical and laboratory evaluation of
pregnant patients with suspected PE, followed by an illustrated review of the current
imaging modalities available for diagnosis and evaluation of suspected PE in the
pregnant population. Radiation and risk management concerns are also addressed.

Lung scintigraphy (V/Q scan) has decreased in popularity in the era of

a.

b.

Figure 7
Axial images of a non-pregnant and pregnant female using standard (a) and reduced dose
CTPA protocols (b), respectively.

Figure 5
38 year old G2P0 at 24 weeks with shortness of breath and occasional hemoptysis. Normal
chest radiographs and Perfusion only V/Q scan with 4mCi Tc-99m MAA.

MR imaging has potential advantages (Table III) for imaging the pregnant
population due to its lack of ionizing radiation and absence of proven harmful
effects to the fetus or mother. Recent developments in pulmonary MR angiography
include techniques to improve spatial resolution, shorten acquisition time and
diminish motion artifacts. A combined protocol of true fast imaging with steadystate precession, perfusion MR imaging and MR angiography with parallel acquisition
technique has displayed a high sensitivity and specificity for PE (100% and 93%) in the
general population when compared to CTPA. However, because gadolinium contrast
agents have not been proven safe in pregnancy, there is a need for further improvement
of non-contrast MR techniques, which currently allow accurate evaluation of the
central and first order arterial branches (Figure 6). Thus, the role of MR imaging in
pregnant patients with suspected PE will await further research.

ADVANTAGES

• Radionuclide possesses minimal inherent risk and is considered
safe during pregnancy
• Low maternal/breast radiation (35-450 fold less then CTPA)
• Age and health status of majority of pregnant population
minimizes non-diagnostic rate compared to general population

DISADVANTAGES

• Inability to provide alternative diagnosis in absence of PE
• Limited access/interpretability after hours at some centers and
long acquisition time
• 7-25% non diagnostic rate leading to further imaging
• Likely higher fetal dose

CLINICAL
IMPLICATIONS

• Only clinically helpful if normal (Figure 5) or high probability
• Some studies suggest that withholding treatment in those at low
risk with nondiagnostic results may be acceptable
• Reduce non-diagnostic rate by excluding patients with lung
disease or abnormal chest radiographs
• Fetal dose minimized by low dose perfusion only technique
without compromise in accuracy

4. Risk management:
For successful risk management, radiologists should adhere to the following guidelines
outlined by Berlin for imaging pregnant patients:
1) radiologic facilities should have a process for evaluation of patients who are
pregnant
2) radiologists should be knowledgeable about radiation effects and should be
accessible to patients and to the patients’ referring physicians
3) all discussions with patients about the risks of radiation exposure should be
documented in the radiologic report

Conclusion:
In order to “deliver” the most appropriate care to pregnant
patients with suspected PE, radiologists should be familiar
with the relative advantages and disadvantages of available
imaging modalities and their radiation risks. Radiologists are
also encouraged to comply with risk management guidelines.

FUTURE OUTLOOK • Mixed recommendations as initial “second line” test; favored
means of imaging in pregnancy by PIOPED II investigators
• Lower breast dose and non diagnostic rate in pregnant
population may suggest a role later in pregnancy/ post partum
when risk to glandular breast tissue is presumed higher

b.

ADVANTAGES

DISADVANTAGES

Figure 4
21 year old female six days post C-section with chest pain. Axial and oblique CTPA images
demonstrate a subsegmental right lower lobe PE (arrows). Subsequent lower extremity US
demonstrated popliteal thrombus.

c.

CLINICAL
IMPLICATIONS

Figure 6
23 year old pregnant woman at 12 weeks with
pleuritic chest pain. Non-contrast axial 2D cine
cardiac-gated gradient echo image at the level
of the main (arrow), right, and left pulmonary
arteries shows normal homogeneous high signal
intensity/flow (a). Coronal and sagittal oblique non
contrast 2D cine cardiac-gated gradient echo images
obtained through the main right and left pulmonary
arteries (arrows) confirms the absence of central
filling defects (b and c). Sub-segmental branches
are not well demonstrated with this technique.

• No ionizing radiation or iodinated contrast
• “One stop” shopping to evaluate for PE, pulmonary perfusion
and DVT
• Very low allergic reaction rate
• Access/personnel for interpretations on 24/7 basis limited at
many centers
• Longer acquisition time of 10-20 minutes and more
claustrophobic environment
• Limited ability to visualize subsegmental branches and to provide
alternative diagnosis (Figure 6)
• Multiple contraindications include pacemakers, implanted
devices
• No clinical trials specifically evaluating pregnant population
• Combination technique similar to CTPA in overall diagnosis of
PE. Allows appropriate treatment and DVT imaging integration
• Mainstream usage in pregnant population will likely be
determined by future studies using non-gadolinium techniques
• Method of choice for assessing presence of pelvic vein DVT

FUTURE OUTLOOK • Data from PIOPED III trial comparing MRI to CTPA/CTV will
likely influence usage and reimbursement
• Newer direct non-contrast high-resolution 3D respiratorytriggered cardiac-gated acquisitions may allow improved
visualization of segmental and subsegmental levels
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Table IV. Radiation Exposure *
Examination

Effective WholeBody Dose (mSv)

PA/Lateral Chest XR

0.06-0.25

Low dose perfusion
V/Q
CTPA
Low Dose CTPA
Pulmonary DSA
Background radiation

0.6-1
1.2-6.8
1.6-20
2.7
3.2-30.1
2.5

Fetal Dose (mGy) Effective/Absorbed
per Breast
Dose (mGy)
0.1-0.37
0.1-0.8
0.003-0.66
0.5

0.11-0.28
0.22-0.28
10-50
-

*variation largely related to CT settings, CT Detectors, trimester, patient age, BMI, method of
dose calculation

Table V. Methods to Reduce Radiation Dose to Breast and Fetus
using CTPA
Thin layer bismuth breast shield
Reduce tube current
Reduce tube voltage
Increase pitch
Increase detector collimation thickness
Reduce z-axis
Oral barium preparation
Eliminate lateral scout film
Fixed injection timing rather than test run
Eliminate any additional CT sequences

Table VI. Methods to Reduce Fetal Radiation Dose from V/Q
Scan
Reduced dose of perfusion agent
Reduced dose of ventilation agent
Elimination of ventilation portion of scan
Encourage patient to void frequently or place Foley catheter to reduce fetal
exposure from tracer in bladder

Table VII. Comparison of Standard and Reduced-Dose CTPA
Protocol at BIDMC
kVp
mAs
Scan Range
Bolus Timing
Injection rate
#Effective dose

Reduced-dose Protocol

Standard Protocol

100
100
Arch to diaphragmatic domes
Standard 15 second delay
4 ml/s
2.7 mSv

120
200
Entire thorax
Automatic trigger
4 ml/s
10.2 mSv

#Estimated dose calculated via CTDI/Dose length product generated by CT scanner
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Table III. MR IMAGING

a.

Figure 1
18 year old 29 week G1P0 female with history of pulmonary hemosiderosis presents with
shortness of breath. Chest radiograph and CTPA display diffuse areas of ground glass opacity
and consolidation suggestive of pulmonary hemorrhage. No PE was found.

• Multiple trials documenting its high sensitivity and specificity in
general population
• Quick acquisition time and ease of access/interpretation
• Ability to definitively visualize clot and provide alternative
diagnosis
• Negative test effectively excludes diagnosis in most low to
intermediate risk populations
• Likely lower fetal radiation dose
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