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Magnetic Resonance Imaging (MRI)  
Is an Important Diagnostic Tool  
for Breast Cancer Detection

The American Society of Breast Surgeons  
recommends considering supplemental imaging  
(breast MRI or ultrasound) in addition to annual  
mammography in women with increased breast  
density (C and D density)* (beginning at age 40)1

* Class C or 3 density = heterogeneously dense; Class D or 4 density = extremely dense

Patients for which the American College of Radiology  
recommends annual screening breast MRI as a  
supplement to mammography include:2

 • Women with ≥20% lifetime risk of breast cancer (beginning at age 30)†

 • Women with personal history of breast cancer and dense breasts
 • Women diagnosed with breast cancer under the age of 50
 • Women with a known BRCA mutation (beginning at age 30)†

† Annual MRI (without mammography) is recommended in these patients starting between ages 25–30

Indication
Gadavist® (gadobutrol) injection is a gadolinium-based contrast agent indicated for use with magnetic resonance imaging (MRI) to 
assess the presence and extent of malignant breast disease in adult patients. 

Important Safety Information
WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)

Gadolinium-based contrast agents (GBCAs) increase the risk for NSF among patients with impaired elimination of the drugs. 
Avoid use of GBCAs in these patients unless the diagnostic information is essential and not available with non-contrasted MRI 
or other modalities. NSF may result in fatal or debilitating fibrosis affecting the skin, muscle and internal organs.
•  The risk of NSF appears highest among patients with: 

 – Chronic, severe kidney disease (GFR <30 mL/min/1.73m2), or 
– Acute kidney injury

•  Screen patients for acute kidney injury and other conditions that may reduce renal function. For patients at risk for chronically 
reduced renal function (for example, age >60 years, hypertension or diabetes), estimate the glomerular filtration rate (GFR) 
through laboratory testing.

•  For patients at highest risk for NSF, do not exceed the recommended GADAVIST dose and allow a sufficient period of time for 
elimination of the drug from the body prior to any re-administration.

Contraindication and Important Information about Hypersensitivity Reactions: Gadavist® is contraindicated in patients with 
history of severe hypersensitivity reactions to Gadavist®. Anaphylactic and other hypersensitivity reactions with cardiovascular, 
respiratory, or cutaneous manifestations, ranging from mild to severe, including death, have uncommonly occurred following 
Gadavist® administration. Before Gadavist® administration, assess all patients for any history of a reaction to contrast media, 
bronchial asthma and/or allergic disorders. These patients may have an increased risk for a hypersensitivity reaction to Gadavist®. 

Please see brief summary on adjacent pages.
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Gadavist® (gadobutrol) Injection Is the  
First and Only Gadolinium-based  
Contrast Agent Approved for Breast MRI

References: 1. Consensus Statement on Screening Mammography. The American Society of Breast 
Surgeons website. https://www.breastsurgeons.org/docs/statements/Position-Statement-on-Screening-
Mammography.pdf. Accessed June 9, 2020.  2. Breast Cancer Screening in Women at Higher-Than-
Average Risk: Recommendations From the ACR. American College of Radiology website. https://www.jacr.
org/article/S1546-1440(17)31524-7/fulltext. Accessed June 9, 2020.

Visit Gadavist.com or schedule time with a  
Bayer in Radiology representative to learn more

Bayer, the Bayer Cross, and Gadavist are trademarks owned by and/or registered to Bayer in the U.S. and/or other countries. Other trademarks and 
company names mentioned herein are properties of their respective owners and are used herein solely for informational purposes. No relationship  
or endorsement should be inferred or implied.
© 2020 Bayer. This material may not be reproduced, displayed, modified or distributed without the express prior written consent of Bayer.  
Printed in the USA. PP-GADA-US-0353-1 August 2020

Important Safety Information (continued)
Gadolinium Retention: Gadolinium is retained for months or years in several organs. Linear GBCAs cause more retention than 
macrocyclic GBCAs. At equivalent doses, retention varies among the linear agents. Retention is lowest and similar among the 
macrocyclic GBCAs. Consequences of gadolinium retention in the brain have not been established, but they have been established 
in the skin and other organs in patients with impaired renal function. While clinical consequences of gadolinium retention have not 
been established in patients with normal renal function, certain patients might be at higher risk. These include patients requiring 
multiple lifetime doses, pregnant and pediatric patients, and patients with inflammatory conditions. Consider the retention 
characteristics of the agent and minimize repetitive GBCA studies, when possible. 

Acute Kidney Injury: In patients with chronic renal impairment, acute kidney injury sometimes requiring dialysis has been  
observed with the use of GBCAs. Do not exceed the recommended dose; the risk of acute kidney injury may increase with higher  
than recommended doses. 

Extravasation and Injection Site Reactions: Ensure catheter and venous patency before the injection of Gadavist®. Extravasation 
into tissues during Gadavist® administration may result in moderate irritation. 

Overestimation of Extent of Malignant Disease in MRI of the Breast: Gadavist® MRI of the breast overestimated the histologically 
confirmed extent of malignancy in the diseased breast in up to 50% of the patients. 

Adverse Reactions: The most frequent (≥0.5%) adverse reactions associated with Gadavist® in clinical studies were headache (1.7%), 
nausea (1.2%) and dizziness (0.5%).

Please see brief summary on adjacent pages.
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Hispanic, 2.5% Black, and 2.5% patients of other ethnic groups. The average 
age was 56 years (range from 1 week to 93 years).
Overall, approximately 4% of subjects reported one or more adverse reactions 
during a follow-up period that ranged from 24 hours to 7 days after Gadavist 
administration.
Adverse reactions associated with the use of Gadavist were usually mild to 
moderate in severity and transient in nature.
Table 2 lists adverse reactions that occurred in ≥ 0.1% subjects who received 
Gadavist.

Table 2: Adverse Reactions
Reaction Rate (%)

n=7713
Headache 1.7
Nausea 1.2
Dizziness 0.5
Dysgeusia 0.4
Feeling Hot 0.4
Injection site reactions 0.4
Vomiting 0.4
Rash (includes generalized, macular, papular, pruritic) 0.3
Erythema 0.2
Paresthesia 0.2
Pruritus (includes generalized) 0.2
Dyspnea 0.1
Urticaria 0.1

Adverse reactions that occurred with a frequency of < 0.1% in subjects who received 
Gadavist include: hypersensitivity/anaphylactic reaction, loss of consciousness, 
convulsion, parosmia, tachycardia, palpitation, dry mouth, malaise and feeling cold.

6.2 Postmarketing Experience
The following additional adverse reactions have been reported during 
postmarketing use of Gadavist. Because these reactions are reported voluntarily 
from a population of uncertain size, it is not possible to reliably estimate their 
frequency or establish a causal relationship to drug exposure.
• Cardiac arrest
• Nephrogenic Systemic Fibrosis (NSF)
•  Hypersensitivity reactions (anaphylactic shock, circulatory collapse, 

respiratory arrest, pulmonary edema, bronchospasm, cyanosis, 
oropharyngeal swelling, laryngeal edema, blood pressure increased, chest 
pain, angioedema,  conjunctivitis, hyperhidrosis, cough, sneezing, burning 
sensation, and pallor) [see Warnings and Precautions (5.2)].

•  General Disorders and Administration Site Conditions: Adverse events with 
variable onset and duration have been reported after GBCA administration 
[see Warnings and Precautions (5.3)]. These include fatigue, asthenia, pain 
syndromes, and heterogeneous clusters of symptoms in the neurological, 
cutaneous, and musculoskeletal systems.

• Skin: Gadolinium associated plaques

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
GBCAs cross the placenta and result in fetal exposure and gadolinium 
retention. The human data on the association between GBCAs and adverse 
fetal outcomes are limited and inconclusive (see Data). In animal reproduction 
studies, although teratogenicity was not observed, embryolethality was 
observed in monkeys, rabbits and rats receiving intravenous gadobutrol 
during organogenesis at doses 8 times and above the recommended human 
dose. Retardation of embryonal development was observed in rabbits and 
rats receiving intravenous gadobutrol during organogenesis at doses 8 and 
12 times, respectively, the recommended human dose (see Data). Because of 
the potential risks of gadolinium to the fetus, use Gadavist only if imaging is 
essential during pregnancy and cannot be delayed.
The estimated background risk of major birth defects and miscarriage for the 
indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2 to 4% and is 15 to 20%, respectively.
Data
Human Data.
Contrast enhancement is visualized in the placenta and fetal tissues after 
maternal GBCA administration.
Cohort studies and case reports on exposure to GBCAs during pregnancy have 
not reported a clear association between GBCAs and adverse effects in the 
exposed neonates. However, a retrospective cohort study, comparing pregnant 

women who had a GBCA MRI to pregnant women who did not have an MRI, 
reported a higher occurrence of stillbirths and neonatal deaths in the group 
receiving GBCA MRI. Limitations of this study include a lack of comparison 
with non-contrast MRI and lack of information about the maternal indication 
for MRI. Overall, these data preclude a reliable evaluation of the potential risk 
of adverse fetal outcomes with the use of GBCAs in pregnancy.
Animal Data
Gadolinium Retention
GBCAs administered to pregnant non-human primates (0.1 mmol/kg on 
gestational days 85 and 135) result in measurable gadolinium concentration in 
the offspring in bone, brain, skin, liver, kidney, and spleen for at least 7 months. 
GBCAs administered to pregnant mice (2 mmol/kg daily on gestational days 
16 through 19) result in measurable gadolinium concentrations in the pups in 
bone, brain, kidney, liver, blood, muscle, and spleen at one month postnatal age.
Reproductive Toxicology
Embryolethality was observed when gadobutrol was administered intravenously 
to monkeys during organogenesis at doses 8 times the recommended single 
human dose (based on body surface area); gadobutrol was not maternally 
toxic or teratogenic at this dose. Embryolethality and retardation of embryonal 
development also occurred in pregnant rats receiving maternally toxic doses 
of gadobutrol (≥ 7.5 mmol/kg body weight; equivalent to 12 times the human 
dose based on body surface area) and in pregnant rabbits (≥ 2.5 mmol/kg 
body weight; equivalent to 8 times the recommended human dose based 
on body surface area). In rabbits, this finding occurred without evidence of 
pronounced maternal toxicity and with minimal placental transfer (0.01% of 
the administered dose detected in the fetuses).
Because pregnant animals received repeated daily doses of Gadavist, their 
overall exposure was significantly higher than that achieved with the standard 
single dose administered to humans.

8.2 Lactation
Risk Summary
There are no data on the presence of gadobutrol in human milk, the 
effects on the breastfed infant, or the effects on milk production. However, 
published lactation data on other GBCAs indicate that 0.01 to 0.04% of the 
maternal gadolinium dose is present in breast milk and there is limited GBCA 
gastrointestinal absorption in the breast-fed infant. Gadobutrol is present in 
rat milk (see Data). The developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical need for Gadavist and 
any potential adverse effects on the breastfed infant from Gadavist or from the 
underlying maternal condition.
Data
In lactating rats receiving 0.5 mmol/kg of intravenous [153Gd]-gadobutrol, 
0.01% of the total administered radioactivity was transferred to the pup via 
maternal milk within 3 hours after administration, and the gastrointestinal 
absorption is poor (approximately 5% of the dose orally administered was 
excreted in the urine).

8.4 Pediatric Use
The safety and effectiveness of Gadavist have been established in pediatric 
patients, including term neonates, for use with MRI to detect and visualize areas 
with disrupted blood brain barrier and/or abnormal vascularity of the central 
nervous system and for use in MRA to evaluate known or suspected supra-
aortic or renal artery disease. Use of Gadavist in these indications is supported 
by adequate and well-controlled studies in adults and supportive imaging data 
in two studies in 135 patients 2 to less than 18 years of age and 44 patients 
less than 2 years of age with CNS and non-CNS lesions, and pharmacokinetic 
data in 130 patients 2 to less than 18 years of age and 43 patients less than 
2 years of age, including term neonates [see Clinical Pharmacology (12.3) and 
Clinical Studies (14.1)]. The frequency, type, and severity of adverse reactions 
in pediatric patients were similar to adverse reactions in adults [see Adverse 
Reactions (6.1)]. No dose adjustment according to age is necessary in pediatric 
patients [see Dosage and Administration (2.1), Clinical Pharmacology (12.3), and 
Clinical Studies (14.1)]. The safety and effectiveness of Gadavist have not been 
established in preterm neonates for any indication or in pediatric patients of any 
age for use with MRI to assess the presence and extent of malignant breast 
disease, or for use in CMRI to assess myocardial perfusion (stress, rest) and late 
gadolinium enhancement in patients with known or suspected coronary artery 
disease (CAD).
NSF Risk
No case of NSF associated with Gadavist or any other GBCA has been identified 
in pediatric patients ages 6 years and younger. Pharmacokinetic studies 
suggest that clearance of Gadavist is similar in pediatric patients and adults, 
including pediatric patients age younger than 2 years. No increased risk factor 
for NSF has been identified in juvenile animal studies of gadobutrol. Normal 
estimated GFR (eGFR) is around 30 mL/min/1.73m2 at birth and increases 
to mature levels around 1 year of age, reflecting growth in both glomerular 
function and relative body surface area. Clinical studies in pediatric patients 
younger than 1 year of age have been conducted in patients with the following 

GADAVIST (gadobutrol) injection, for intravenous use
Initial U.S. Approval: 2011

BRIEF SUMMARY OF PRESCRIBING INFORMATION
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WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
Gadolinium-based contrast agents (GBCAs) increase the risk for NSF 
among patients with impaired elimination of the drugs. Avoid use of GBCAs 
in these patients unless the diagnostic information is essential and not 
available with non-contrasted MRI or other modalities. NSF may result in 
fatal or debilitating fibrosis affecting the skin, muscle and internal organs.
• The risk for NSF appears highest among patients with:
 Chronic, severe kidney disease (GFR < 30 mL/min/1.73m2), or
 Acute kidney injury.
•  Screen patients for acute kidney injury and other conditions that may 

reduce renal function. For patients at risk for chronically reduced renal 
function (for example, age > 60 years, hypertension or diabetes), 
estimate the glomerular filtration rate (GFR) through laboratory testing. 

•  For patients at highest risk for NSF, do not exceed the recommended 
Gadavist dose and allow a sufficient period of time for elimination of 
the drug from the body prior to any re-administration [see Warnings and 
Precautions (5.1)].

1 INDICATIONS AND USAGE
1.1  Magnetic Resonance Imaging (MRI) of the Central Nervous System 

(CNS)
Gadavist is indicated for use with magnetic resonance imaging (MRI) in adult 
and pediatric patients, including term neonates, to detect and visualize areas 
with disrupted blood brain barrier and/or abnormal vascularity of the central 
nervous system.

1.2 MRI of the Breast
Gadavist is indicated for use with MRI in adult patients to assess the presence 
and extent of malignant breast disease.

1.3 Magnetic Resonance Angiography (MRA)
Gadavist is indicated for use in magnetic resonance angiography (MRA) in 
adult and pediatric patients, including term neonates, to evaluate known or 
suspected supra-aortic or renal artery disease.

1.4 Cardiac MRI
Gadavist is indicated for use in cardiac MRI (CMRI) to assess myocardial 
perfusion (stress, rest) and late gadolinium enhancement in adult patients with 
known or suspected coronary artery disease (CAD).

4 CONTRAINDICATIONS
Gadavist is contraindicated in patients with history of severe hypersensitivity 
reactions to Gadavist.

5 WARNINGS AND PRECAUTIONS
5.1 Nephrogenic Systemic Fibrosis
Gadolinium-based contrast agents (GBCAs) increase the risk for nephrogenic 
systemic fibrosis (NSF) among patients with impaired elimination of the drugs. 
Avoid use of GBCAs among these patients unless the diagnostic information is 
essential and not available with non-contrast MRI or other modalities. The GBCA-
associated NSF risk appears highest for patients with chronic, severe kidney 
disease (GFR < 30 mL/min/1.73m2) as well as patients with acute kidney injury. 
The risk appears lower for patients with chronic, moderate kidney disease (GFR 
30 to 59 mL/min/1.73m2) and little, if any, for patients with chronic, mild kidney 
disease (GFR 60 to 89 mL/min/1.73m2). NSF may result in fatal or debilitating 
fibrosis affecting the skin, muscle and internal organs. Report any diagnosis of 
NSF following Gadavist administration to Bayer Healthcare (1-888-842-2937) or 
FDA (1-800-FDA-1088 or www.fda.gov/medwatch).
Screen patients for acute kidney injury and other conditions that may reduce 
renal function. Features of acute kidney injury consist of rapid (over hours to 
days) and usually reversible decrease in kidney function, commonly in the 
setting of surgery, severe infection, injury or drug-induced kidney toxicity. Serum 
creatinine levels and estimated GFR may not reliably assess renal function in the 
setting of acute kidney injury. For patients at risk for chronically reduced renal 
function (for example, age > 60 years, diabetes mellitus or chronic hypertension), 
estimate the GFR through laboratory testing.
Among the factors that may increase the risk for NSF are repeated or higher 
than recommended doses of a GBCA and degree of renal impairment at the time 
of exposure. Record the specific GBCA and the dose administered to a patient. 
For patients at highest risk for NSF, do not exceed the recommended Gadavist 
dose and allow a sufficient period of time for elimination of the drug prior to 
re-administration. For patients receiving hemodialysis, consider the prompt 
initiation of hemodialysis following the administration of a GBCA in order to 
enhance the contrast agent’s elimination [see Use in Specific Populations (8.6) 
and Clinical Pharmacology (12.3)]. The usefulness of hemodialysis in the 
prevention of NSF is unknown [see Clinical Pharmacology (12.3)].

5.2 Hypersensitivity Reactions 
Anaphylactic and other hypersensitivity reactions with cardiovascular, 
respiratory or cutaneous manifestations, ranging from mild to severe, 
including death, have uncommonly occurred following Gadavist administration 
[see Adverse Reactions (6)].
•  Before Gadavist administration, assess all patients for any history of a reaction 

to contrast media, bronchial asthma and/or allergic disorders. These patients 
may have an increased risk for a hypersensitivity reaction to Gadavist.

•  Administer Gadavist only in situations where trained personnel and therapies 
are promptly available for the treatment of hypersensitivity reactions, 
including personnel trained in resuscitation.

Most hypersensitivity reactions to Gadavist have occurred within half an hour 
after administration. Delayed reactions can occur up to several days after 
administration. Observe patients for signs and symptoms of hypersensitivity 
reactions during and following Gadavist administration.

5.3 Gadolinium Retention
Gadolinium is retained for months or years in several organs. The highest 
concentrations (nanomoles per gram of tissue) have been identified in the 
bone, followed by other organs (for example, brain, skin, kidney, liver, and 
spleen). The duration of retention also varies by tissue and is longest in bone. 
Linear GBCAs cause more retention than macrocyclic GBCAs. At equivalent 
doses, gadolinium retention varies among the linear agents with Omniscan 
(gadodiamide) and Optimark (gadoversetamide) causing greater retention than 
other linear agents [Eovist (gadoxetate disodium), Magnevist (gadopentetate 
dimeglumine), MultiHance (gadobenate dimeglumine)]. Retention is lowest 
and similar among the macrocyclic GBCAs [Dotarem (gadoterate meglumine), 
Gadavist (gadobutrol), ProHance (gadoteridol)].
Consequences of gadolinium retention in the brain have not been established. 
Pathologic and clinical consequences of GBCA administration and retention in 
skin and other organs have been established in patients with impaired renal 
function [see Warnings and Precautions (5.1)]. There are rare reports of 
pathologic skin changes in patients with normal renal function. Adverse events 
involving multiple organ systems have been reported in patients with normal 
renal function without an established causal link to gadolinium retention [see 
Adverse Reactions (6.2)].
While clinical consequences of gadolinium retention have not been established 
in patients with normal renal function, certain patients might be at higher 
risk. These include patients requiring multiple lifetime doses, pregnant and 
pediatric patients, and patients with inflammatory conditions. Consider the 
retention characteristics of the agent when choosing a GBCA for these patients. 
Minimize repetitive GBCA imaging studies particularly closely spaced studies, 
when possible.

5.4 Acute Kidney Injury
In patients with chronic renal impairment, acute kidney injury sometimes 
requiring dialysis has been observed with the use of some GBCAs. Do not exceed 
the recommended dose; the risk of acute kidney injury may increase with higher 
than recommended doses.

5.5 Extravasation and Injection Site Reactions
Ensure catheter and venous patency before the injection of Gadavist. 
Extravasation into tissues during Gadavist administration may result in 
moderate irritation [see Nonclinical Toxicology (13.2)].

5.6 Overestimation of Extent of Malignant Disease in MRI of the Breast
Gadavist MRI of the breast overestimated the histologically confirmed extent 
of malignancy in the diseased breast in up to 50% of the patients [see Clinical 
Studies (14.2)].

5.7 Low Sensitivity for Significant Arterial Stenosis
The performance of Gadavist MRA for detecting arterial segments with 
significant stenosis (>50% renal, >70% supra-aortic) has not been shown to 
exceed 55%. Therefore, a negative MRA study alone should not be used to rule 
out significant stenosis [see Clinical Studies (14.3)].

6 ADVERSE REACTIONS
The following serious adverse reactions are discussed elsewhere in labeling:
•  Nephrogenic Systemic Fibrosis (NSF) [see Boxed Warning and Warnings 

and Precautions (5.1)].
•  Hypersensitivity reactions [see Contraindications (4) and Warnings and 

Precautions (5.2)].

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and may not reflect the 
rates observed in clinical practice.
The adverse reactions described in this section reflect Gadavist exposure in 
7,713 subjects (including 184 pediatric patients, ages 0 to 17 years) with the 
majority receiving the recommended dose. Approximately 52% of the subjects 
were male and the ethnic distribution was 62% Caucasian, 28% Asian, 5% 
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Hispanic, 2.5% Black, and 2.5% patients of other ethnic groups. The average 
age was 56 years (range from 1 week to 93 years).
Overall, approximately 4% of subjects reported one or more adverse reactions 
during a follow-up period that ranged from 24 hours to 7 days after Gadavist 
administration.
Adverse reactions associated with the use of Gadavist were usually mild to 
moderate in severity and transient in nature.
Table 2 lists adverse reactions that occurred in ≥ 0.1% subjects who received 
Gadavist.

Table 2: Adverse Reactions
Reaction Rate (%)

n=7713
Headache 1.7
Nausea 1.2
Dizziness 0.5
Dysgeusia 0.4
Feeling Hot 0.4
Injection site reactions 0.4
Vomiting 0.4
Rash (includes generalized, macular, papular, pruritic) 0.3
Erythema 0.2
Paresthesia 0.2
Pruritus (includes generalized) 0.2
Dyspnea 0.1
Urticaria 0.1

Adverse reactions that occurred with a frequency of < 0.1% in subjects who received 
Gadavist include: hypersensitivity/anaphylactic reaction, loss of consciousness, 
convulsion, parosmia, tachycardia, palpitation, dry mouth, malaise and feeling cold.

6.2 Postmarketing Experience
The following additional adverse reactions have been reported during 
postmarketing use of Gadavist. Because these reactions are reported voluntarily 
from a population of uncertain size, it is not possible to reliably estimate their 
frequency or establish a causal relationship to drug exposure.
• Cardiac arrest
• Nephrogenic Systemic Fibrosis (NSF)
•  Hypersensitivity reactions (anaphylactic shock, circulatory collapse, 

respiratory arrest, pulmonary edema, bronchospasm, cyanosis, 
oropharyngeal swelling, laryngeal edema, blood pressure increased, chest 
pain, angioedema,  conjunctivitis, hyperhidrosis, cough, sneezing, burning 
sensation, and pallor) [see Warnings and Precautions (5.2)].

•  General Disorders and Administration Site Conditions: Adverse events with 
variable onset and duration have been reported after GBCA administration 
[see Warnings and Precautions (5.3)]. These include fatigue, asthenia, pain 
syndromes, and heterogeneous clusters of symptoms in the neurological, 
cutaneous, and musculoskeletal systems.

• Skin: Gadolinium associated plaques

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
GBCAs cross the placenta and result in fetal exposure and gadolinium 
retention. The human data on the association between GBCAs and adverse 
fetal outcomes are limited and inconclusive (see Data). In animal reproduction 
studies, although teratogenicity was not observed, embryolethality was 
observed in monkeys, rabbits and rats receiving intravenous gadobutrol 
during organogenesis at doses 8 times and above the recommended human 
dose. Retardation of embryonal development was observed in rabbits and 
rats receiving intravenous gadobutrol during organogenesis at doses 8 and 
12 times, respectively, the recommended human dose (see Data). Because of 
the potential risks of gadolinium to the fetus, use Gadavist only if imaging is 
essential during pregnancy and cannot be delayed.
The estimated background risk of major birth defects and miscarriage for the 
indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2 to 4% and is 15 to 20%, respectively.
Data
Human Data.
Contrast enhancement is visualized in the placenta and fetal tissues after 
maternal GBCA administration.
Cohort studies and case reports on exposure to GBCAs during pregnancy have 
not reported a clear association between GBCAs and adverse effects in the 
exposed neonates. However, a retrospective cohort study, comparing pregnant 

women who had a GBCA MRI to pregnant women who did not have an MRI, 
reported a higher occurrence of stillbirths and neonatal deaths in the group 
receiving GBCA MRI. Limitations of this study include a lack of comparison 
with non-contrast MRI and lack of information about the maternal indication 
for MRI. Overall, these data preclude a reliable evaluation of the potential risk 
of adverse fetal outcomes with the use of GBCAs in pregnancy.
Animal Data
Gadolinium Retention
GBCAs administered to pregnant non-human primates (0.1 mmol/kg on 
gestational days 85 and 135) result in measurable gadolinium concentration in 
the offspring in bone, brain, skin, liver, kidney, and spleen for at least 7 months. 
GBCAs administered to pregnant mice (2 mmol/kg daily on gestational days 
16 through 19) result in measurable gadolinium concentrations in the pups in 
bone, brain, kidney, liver, blood, muscle, and spleen at one month postnatal age.
Reproductive Toxicology
Embryolethality was observed when gadobutrol was administered intravenously 
to monkeys during organogenesis at doses 8 times the recommended single 
human dose (based on body surface area); gadobutrol was not maternally 
toxic or teratogenic at this dose. Embryolethality and retardation of embryonal 
development also occurred in pregnant rats receiving maternally toxic doses 
of gadobutrol (≥ 7.5 mmol/kg body weight; equivalent to 12 times the human 
dose based on body surface area) and in pregnant rabbits (≥ 2.5 mmol/kg 
body weight; equivalent to 8 times the recommended human dose based 
on body surface area). In rabbits, this finding occurred without evidence of 
pronounced maternal toxicity and with minimal placental transfer (0.01% of 
the administered dose detected in the fetuses).
Because pregnant animals received repeated daily doses of Gadavist, their 
overall exposure was significantly higher than that achieved with the standard 
single dose administered to humans.

8.2 Lactation
Risk Summary
There are no data on the presence of gadobutrol in human milk, the 
effects on the breastfed infant, or the effects on milk production. However, 
published lactation data on other GBCAs indicate that 0.01 to 0.04% of the 
maternal gadolinium dose is present in breast milk and there is limited GBCA 
gastrointestinal absorption in the breast-fed infant. Gadobutrol is present in 
rat milk (see Data). The developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical need for Gadavist and 
any potential adverse effects on the breastfed infant from Gadavist or from the 
underlying maternal condition.
Data
In lactating rats receiving 0.5 mmol/kg of intravenous [153Gd]-gadobutrol, 
0.01% of the total administered radioactivity was transferred to the pup via 
maternal milk within 3 hours after administration, and the gastrointestinal 
absorption is poor (approximately 5% of the dose orally administered was 
excreted in the urine).

8.4 Pediatric Use
The safety and effectiveness of Gadavist have been established in pediatric 
patients, including term neonates, for use with MRI to detect and visualize areas 
with disrupted blood brain barrier and/or abnormal vascularity of the central 
nervous system and for use in MRA to evaluate known or suspected supra-
aortic or renal artery disease. Use of Gadavist in these indications is supported 
by adequate and well-controlled studies in adults and supportive imaging data 
in two studies in 135 patients 2 to less than 18 years of age and 44 patients 
less than 2 years of age with CNS and non-CNS lesions, and pharmacokinetic 
data in 130 patients 2 to less than 18 years of age and 43 patients less than 
2 years of age, including term neonates [see Clinical Pharmacology (12.3) and 
Clinical Studies (14.1)]. The frequency, type, and severity of adverse reactions 
in pediatric patients were similar to adverse reactions in adults [see Adverse 
Reactions (6.1)]. No dose adjustment according to age is necessary in pediatric 
patients [see Dosage and Administration (2.1), Clinical Pharmacology (12.3), and 
Clinical Studies (14.1)]. The safety and effectiveness of Gadavist have not been 
established in preterm neonates for any indication or in pediatric patients of any 
age for use with MRI to assess the presence and extent of malignant breast 
disease, or for use in CMRI to assess myocardial perfusion (stress, rest) and late 
gadolinium enhancement in patients with known or suspected coronary artery 
disease (CAD).
NSF Risk
No case of NSF associated with Gadavist or any other GBCA has been identified 
in pediatric patients ages 6 years and younger. Pharmacokinetic studies 
suggest that clearance of Gadavist is similar in pediatric patients and adults, 
including pediatric patients age younger than 2 years. No increased risk factor 
for NSF has been identified in juvenile animal studies of gadobutrol. Normal 
estimated GFR (eGFR) is around 30 mL/min/1.73m2 at birth and increases 
to mature levels around 1 year of age, reflecting growth in both glomerular 
function and relative body surface area. Clinical studies in pediatric patients 
younger than 1 year of age have been conducted in patients with the following 

GADAVIST (gadobutrol) injection, for intravenous use
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WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
Gadolinium-based contrast agents (GBCAs) increase the risk for NSF 
among patients with impaired elimination of the drugs. Avoid use of GBCAs 
in these patients unless the diagnostic information is essential and not 
available with non-contrasted MRI or other modalities. NSF may result in 
fatal or debilitating fibrosis affecting the skin, muscle and internal organs.
• The risk for NSF appears highest among patients with:
 Chronic, severe kidney disease (GFR < 30 mL/min/1.73m2), or
 Acute kidney injury.
•  Screen patients for acute kidney injury and other conditions that may 

reduce renal function. For patients at risk for chronically reduced renal 
function (for example, age > 60 years, hypertension or diabetes), 
estimate the glomerular filtration rate (GFR) through laboratory testing. 

•  For patients at highest risk for NSF, do not exceed the recommended 
Gadavist dose and allow a sufficient period of time for elimination of 
the drug from the body prior to any re-administration [see Warnings and 
Precautions (5.1)].

1 INDICATIONS AND USAGE
1.1  Magnetic Resonance Imaging (MRI) of the Central Nervous System 

(CNS)
Gadavist is indicated for use with magnetic resonance imaging (MRI) in adult 
and pediatric patients, including term neonates, to detect and visualize areas 
with disrupted blood brain barrier and/or abnormal vascularity of the central 
nervous system.

1.2 MRI of the Breast
Gadavist is indicated for use with MRI in adult patients to assess the presence 
and extent of malignant breast disease.

1.3 Magnetic Resonance Angiography (MRA)
Gadavist is indicated for use in magnetic resonance angiography (MRA) in 
adult and pediatric patients, including term neonates, to evaluate known or 
suspected supra-aortic or renal artery disease.

1.4 Cardiac MRI
Gadavist is indicated for use in cardiac MRI (CMRI) to assess myocardial 
perfusion (stress, rest) and late gadolinium enhancement in adult patients with 
known or suspected coronary artery disease (CAD).

4 CONTRAINDICATIONS
Gadavist is contraindicated in patients with history of severe hypersensitivity 
reactions to Gadavist.

5 WARNINGS AND PRECAUTIONS
5.1 Nephrogenic Systemic Fibrosis
Gadolinium-based contrast agents (GBCAs) increase the risk for nephrogenic 
systemic fibrosis (NSF) among patients with impaired elimination of the drugs. 
Avoid use of GBCAs among these patients unless the diagnostic information is 
essential and not available with non-contrast MRI or other modalities. The GBCA-
associated NSF risk appears highest for patients with chronic, severe kidney 
disease (GFR < 30 mL/min/1.73m2) as well as patients with acute kidney injury. 
The risk appears lower for patients with chronic, moderate kidney disease (GFR 
30 to 59 mL/min/1.73m2) and little, if any, for patients with chronic, mild kidney 
disease (GFR 60 to 89 mL/min/1.73m2). NSF may result in fatal or debilitating 
fibrosis affecting the skin, muscle and internal organs. Report any diagnosis of 
NSF following Gadavist administration to Bayer Healthcare (1-888-842-2937) or 
FDA (1-800-FDA-1088 or www.fda.gov/medwatch).
Screen patients for acute kidney injury and other conditions that may reduce 
renal function. Features of acute kidney injury consist of rapid (over hours to 
days) and usually reversible decrease in kidney function, commonly in the 
setting of surgery, severe infection, injury or drug-induced kidney toxicity. Serum 
creatinine levels and estimated GFR may not reliably assess renal function in the 
setting of acute kidney injury. For patients at risk for chronically reduced renal 
function (for example, age > 60 years, diabetes mellitus or chronic hypertension), 
estimate the GFR through laboratory testing.
Among the factors that may increase the risk for NSF are repeated or higher 
than recommended doses of a GBCA and degree of renal impairment at the time 
of exposure. Record the specific GBCA and the dose administered to a patient. 
For patients at highest risk for NSF, do not exceed the recommended Gadavist 
dose and allow a sufficient period of time for elimination of the drug prior to 
re-administration. For patients receiving hemodialysis, consider the prompt 
initiation of hemodialysis following the administration of a GBCA in order to 
enhance the contrast agent’s elimination [see Use in Specific Populations (8.6) 
and Clinical Pharmacology (12.3)]. The usefulness of hemodialysis in the 
prevention of NSF is unknown [see Clinical Pharmacology (12.3)].

5.2 Hypersensitivity Reactions 
Anaphylactic and other hypersensitivity reactions with cardiovascular, 
respiratory or cutaneous manifestations, ranging from mild to severe, 
including death, have uncommonly occurred following Gadavist administration 
[see Adverse Reactions (6)].
•  Before Gadavist administration, assess all patients for any history of a reaction 

to contrast media, bronchial asthma and/or allergic disorders. These patients 
may have an increased risk for a hypersensitivity reaction to Gadavist.

•  Administer Gadavist only in situations where trained personnel and therapies 
are promptly available for the treatment of hypersensitivity reactions, 
including personnel trained in resuscitation.

Most hypersensitivity reactions to Gadavist have occurred within half an hour 
after administration. Delayed reactions can occur up to several days after 
administration. Observe patients for signs and symptoms of hypersensitivity 
reactions during and following Gadavist administration.

5.3 Gadolinium Retention
Gadolinium is retained for months or years in several organs. The highest 
concentrations (nanomoles per gram of tissue) have been identified in the 
bone, followed by other organs (for example, brain, skin, kidney, liver, and 
spleen). The duration of retention also varies by tissue and is longest in bone. 
Linear GBCAs cause more retention than macrocyclic GBCAs. At equivalent 
doses, gadolinium retention varies among the linear agents with Omniscan 
(gadodiamide) and Optimark (gadoversetamide) causing greater retention than 
other linear agents [Eovist (gadoxetate disodium), Magnevist (gadopentetate 
dimeglumine), MultiHance (gadobenate dimeglumine)]. Retention is lowest 
and similar among the macrocyclic GBCAs [Dotarem (gadoterate meglumine), 
Gadavist (gadobutrol), ProHance (gadoteridol)].
Consequences of gadolinium retention in the brain have not been established. 
Pathologic and clinical consequences of GBCA administration and retention in 
skin and other organs have been established in patients with impaired renal 
function [see Warnings and Precautions (5.1)]. There are rare reports of 
pathologic skin changes in patients with normal renal function. Adverse events 
involving multiple organ systems have been reported in patients with normal 
renal function without an established causal link to gadolinium retention [see 
Adverse Reactions (6.2)].
While clinical consequences of gadolinium retention have not been established 
in patients with normal renal function, certain patients might be at higher 
risk. These include patients requiring multiple lifetime doses, pregnant and 
pediatric patients, and patients with inflammatory conditions. Consider the 
retention characteristics of the agent when choosing a GBCA for these patients. 
Minimize repetitive GBCA imaging studies particularly closely spaced studies, 
when possible.

5.4 Acute Kidney Injury
In patients with chronic renal impairment, acute kidney injury sometimes 
requiring dialysis has been observed with the use of some GBCAs. Do not exceed 
the recommended dose; the risk of acute kidney injury may increase with higher 
than recommended doses.

5.5 Extravasation and Injection Site Reactions
Ensure catheter and venous patency before the injection of Gadavist. 
Extravasation into tissues during Gadavist administration may result in 
moderate irritation [see Nonclinical Toxicology (13.2)].

5.6 Overestimation of Extent of Malignant Disease in MRI of the Breast
Gadavist MRI of the breast overestimated the histologically confirmed extent 
of malignancy in the diseased breast in up to 50% of the patients [see Clinical 
Studies (14.2)].

5.7 Low Sensitivity for Significant Arterial Stenosis
The performance of Gadavist MRA for detecting arterial segments with 
significant stenosis (>50% renal, >70% supra-aortic) has not been shown to 
exceed 55%. Therefore, a negative MRA study alone should not be used to rule 
out significant stenosis [see Clinical Studies (14.3)].

6 ADVERSE REACTIONS
The following serious adverse reactions are discussed elsewhere in labeling:
•  Nephrogenic Systemic Fibrosis (NSF) [see Boxed Warning and Warnings 

and Precautions (5.1)].
•  Hypersensitivity reactions [see Contraindications (4) and Warnings and 

Precautions (5.2)].

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and may not reflect the 
rates observed in clinical practice.
The adverse reactions described in this section reflect Gadavist exposure in 
7,713 subjects (including 184 pediatric patients, ages 0 to 17 years) with the 
majority receiving the recommended dose. Approximately 52% of the subjects 
were male and the ethnic distribution was 62% Caucasian, 28% Asian, 5% 
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minimum eGFR: 31 mL/min/1.73m2 (age 2 to 7 days), 38 mL/min/1.73m2 (age 
8 to 28 days), 62 mL/min/1.73m2 (age 1 to 6 months), and 83 mL/min/1.73m2 
(age 6 to 12 months).
Juvenile Animal Data
Single and repeat-dose toxicity studies in neonatal and juvenile rats did 
not reveal findings suggestive of a specific risk for use in pediatric patients 
including term neonates and infants.
8.5 Geriatric Use
In clinical studies of Gadavist, 1,377 patients were 65 years of age and over, 
while 104 patients were 80 years of age and over. No overall differences in 
safety or effectiveness were observed between these subjects and younger 
subjects, and other reported clinical experience has not identified differences 
in responses between the elderly and younger patients. In general, use of 
Gadavist in elderly patients should be cautious, reflecting the greater frequency 
of impaired renal function and concomitant disease or other drug therapy. No 
dose adjustment according to age is necessary in this population.

8.6 Renal Impairment
Prior to administration of Gadavist, screen all patients for renal dysfunction by 
obtaining a history and/or laboratory tests [see Warnings and Precautions (5.1)]. 
No dosage adjustment is recommended for patients with renal impairment.
Gadavist can be removed from the body by hemodialysis [see Warnings and 
Precautions (5.1) and Clinical Pharmacology (12.3)].

10 OVERDOSAGE
The maximum dose of Gadavist tested in healthy volunteers, 1.5 mL/kg body 
weight (1.5 mmol/kg; 15 times the recommended dose), was tolerated in a 
manner similar to lower doses. Gadavist can be removed by hemodialysis [see 
Use in Specific Populations (8.6) and Clinical Pharmacology (12.3)].

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
No carcinogenicity studies of gadobutrol have been conducted.
Gadobutrol was not mutagenic in in vitro reverse mutation tests in bacteria, 
in the HGPRT (hypoxanthine-guanine phosphoribosyl transferase) test using 
cultured Chinese hamster V79 cells, or in chromosome aberration tests in human 
peripheral blood lymphocytes, and was negative in an in vivo micronucleus test 
in mice after intravenous injection of 0.5 mmol/kg.
Gadobutrol had no effect on fertility and general reproductive performance of 
male and female rats when given in doses 12.2 times the human equivalent 
dose (based on body surface area).

13.2 Animal Toxicology and/or Pharmacology
Local intolerance reactions, including moderate irritation associated with 
infiltration of inflammatory cells was observed after paravenous administration 
to rabbits, suggesting the possibility of occurrence of local irritation if the 
contrast medium leaks around veins in a clinical setting [see Warnings and 
Precautions (5.5)].

17 PATIENT COUNSELING INFORMATION
•  Advise the patient to read the FDA-approved patient labeling (Medication 

Guide).
Nephrogenic Systemic Fibrosis
Instruct patients to inform their physician if they:
• Have a history of kidney disease and/or liver disease, or
• Have recently received a GBCA
GBCAs increase the risk of NSF among patients with impaired elimination of 
drugs. To counsel patients at risk of NSF:
• Describe the clinical manifestation of NSF
• Describe procedures to screen for the detection of renal impairment
Instruct the patients to contact their physician if they develop signs or 
symptoms of NSF following Gadavist administration, such as burning, itching, 
swelling, scaling, hardening and tightening of the skin; red or dark patches on 
the skin; stiffness in joints with trouble moving, bending or straightening the 
arms, hands, legs or feet; pain in the hip bones or ribs; or muscle weakness.
Common Adverse Reactions
Inform patients that they may experience:
•  Reactions along the venous injection site, such as mild and transient 

burning or pain or feeling of warmth or coldness at the injection site
• Side effects of headache, nausea, abnormal taste and feeling hot
General Precautions
Gadolinium Retention
•  Advise patients that gadolinium is retained for months or years in brain, 

bone, skin, and other organs in patients with normal renal function. The 
clinical consequences of retention are unknown. Retention depends on 
multiple factors and is greater following administration of linear GBCAs 
than following administration of macrocyclic GBCAs. [see Warnings and 
Precautions (5.3)].

Instruct patients receiving Gadavist to inform their physician if they:
• Are pregnant or breastfeeding
•  Have a history of allergic reaction to contrast media, bronchial asthma or 

allergic respiratory disorder

© 2011, Bayer HealthCare Pharmaceuticals Inc. All rights reserved.
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E D I T O R I A L
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Dr Schwartz is the Editor-in-Chief of Applied Radiology. She is an Associate Professor of Radiology, Perelman School of Medicine, University of Pennsylvania, 
and a Pediatric Neuroradiologist at The Children’s Hospital of Philadelphia. She can be reached at erin@appliedradiology.com.

Rising into Fall

As a radiology 

community  

we can all  

benefit from  

the experience  

of others.

Autumn. Back to school time. Yet this school year will be an unusual combination of in- 
person and virtual learning for many  — including those embarking on medical careers 
and those starting their radiology training. 

In a typical year, the radiology trainees who started in July would be settling into the rhythm 
of their programs and starting to feel like part of a team by now, having enjoyed summer gath-
erings to get to know their new colleagues and their families. 

But this is a year unlike any other. 
Sadly, it has become unsafe and, in many places, illegal to have large parties. It is also not 

clearly safe to sit shoulder to shoulder at workstations. And with many people working from 
home or utilizing other alternative arrangements, there is a need to optimize virtual education 
while also creating that sense of community and belonging so vital for us all. Can this need be 
met through video chat services and other technologies? How has your program adapted to 
ensure your trainees receive sufficient instruction and practical experience? Have you devel-
oped novel uses for existing technologies, or new technologies that others can use? 

As a radiology community we can all benefit from the experience of others. I know I am 
searching for tools to facilitate remote teaching, and we would love to know how you are nav-
igating these important topics during this prolonged uncertain and challenging time. Let’s dis-
cuss on Twitter. Please follow us and share your thoughts @Applied_Rad.

Please Welcome our New Board Members
As most of you are aware, my predecessor, Stuart E Mirvis, MD, FACR, was a world-re-

nowned Emergency and Trauma Radiology expert. Dr Mirvis developed and led the Section of 
Trauma and Emergency Radiology for the R Adams Cowley Shock Trauma Center at the Uni-
versity of Maryland in Baltimore, MD. His retirement left us with a need to recruit experts in the 
growing area of Emergency Radiology.

I am delighted to announce the formation of a new section, Emergency Radiology, under 
the direction of our newest Editorial Advisory Board member and Associate Editor, Melissa A 
Davis, MD, MBA. Dr Davis is an Assistant Professor and the Medical Director of Quality in the 
Department of Radiology and Imaging, Emory University, Atlanta, GA. She brings a wealth of 
expertise in this rapidly growing subspecialty. We are looking forward to her help in growing our 
coverage of this important field with emergency and trauma imaging content.

We are also thrilled to welcome two additional new board members:
Michael L Francavilla, MD, Pediatric Radiology, Children’s Hospital of Philadelphia and 

Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA;
Minhaj S Khaja, MD, MBA, Interventional Radiology, University of Virginia Health Sys-

tem, Charlottesville, VA.
These are challenging times, but we are not going to let them stop us from rising to the chal-

lenge of bringing you all the best of medical imaging — in print and online. 
Be well.
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SA-CME

Description
Pregnancy associated breast cancer (PABC) is a subset of 

breast cancer that is typically diagnosed at more advanced 
stages and carries a worse prognosis. The physiological breast 
changes that occur during pregnancy and lactation can often 
make clinical and radiological evaluation difficult.  

Ultrasound is the primary imaging modality in the eval-
uation of pregnancy associated breast lesions with high sen-
sitivity and lack of radiation. Mammography is generally 
considered safe during pregnancy and lactation and may also 
be used to assess for PABC. Dynamic contrast enhanced 
breast MRI is not recommended during pregnancy; however, 
it may safely be performed in lactating women to evaluate ex-
tent of disease or for high risk screening.

This article reviews appropriate imaging evaluation of the 
pregnant or lactating woman, and showcases the imaging 
features of benign and malignant lesions occurring during 
pregnancy and lactation. Many benign lesions, including fi-
broadenoma and lactating adenoma, can mimic malignancy. 
New or growing solid masses occurring during pregnancy and 
lactation should be further evaluated with imaging and biopsy, 
to avoid a delay in a potential cancer diagnosis.

Learning Objectives
After completing this activity, the participant will be able to:
•  Describe the physiological changes of the breast that occur 

during pregnancy and lactation and how these changes 
manifest on imaging.

•  Recognize common benign entities that affect women 
during pregnancy and lactation.
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Breast cancer is the most com-
mon malignancy affecting 
women, accounting for 30% 

of all new cancer diagnoses in 2018. 
Despite its high incidence, breast can-
cer carries a favorable prognosis, with 
a 90% five-year survival rate for all 
stages combined. 1 Improvements in 
screening techniques with advancement 
in both patient and clinician educa-
tion have been paramount in detecting 
breast cancer at earlier stages and dra-
matically reducing overall mortality 
and morbidity. 2, 3

A subset of breast cancer cases, spe-
cifically during pregnancy, is usually 
diagnosed at more advanced stages and 
carries a worse prognosis. 4-6 Mortal-
ity rates were shown to be nearly 50% 
higher for cases of pregnancy associ-
ated breast cancer (PABC) compared 
with non-PABC.7 A meta-analysis of 
3268 cases showed that PABC had a 
significantly higher risk of death than 
non-PABC with hazard ratio of 1.44; 
95% CR [1.27-1.63]; PABC was in-
dependently associated with higher 

mortality, particularly those diagnosed 
shortly postpartum.8

Fortunately, PABC is relatively 
uncommon with an approximate inci-
dence of 1 in every 3,000 pregnancies, 
comprising only 3% of all breast cancer 
cases. 9,10 However, a recent large US 
population-based study showed an up-
trend in the overall incidence of PABC 
between 2001-2013, which has been 
postulated to largely result from women 
delaying childbearing until a later age.10 

PABC is defined as breast cancer 
presenting during pregnancy or up to 
one year postpartum. Naturally, PABC 
has added repercussions and diagnostic 
urgency given that the disease process 

and treatments will ultimately affect 
both the mother and fetus if diagnosed 
during pregnancy. Additionally, a myr-
iad of physiological breast changes 
occur in response to the hormonal stim-
ulation of pregnancy, which makes 
clinical and radiologic evaluation tech-
nically difficult. 

Currently, there is a paucity of litera-
ture on PABC. Intrinsic challenges and 
lack of awareness have been postulated 
to contribute to the delay in diagnosis, 
which is a major factor in the overall 
poor prognosis.11 Thus, it is critical to 
be aware of this diagnosis. The goal of 
this article is to illustrate the expected 
changes to the breast during pregnancy 
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Cancer and Other Breast Disease: 
A Radiologic Review
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FIGURE 1. 28-year-old patient, 36 weeks pregnant, who presented with two palpable right breast 
lumps. Sonographic evaluation showed two separate hypoechoic masses in the right breast,  
(A) located at 11:00 and (B) located at 2:30. Biopsy proved both masses to be fibroadenomas.
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and lactation and the appropriate diag-
nostic approach when evaluating preg-
nancy associated breast complaints. 
Also, this work highlights key imaging 
characteristics that can help distinguish 
benign from malignant processes. 

Physiological Changes
During pregnancy and lactation, 

the breast undergoes physiological 
changes that are driven by fluctuat-
ing levels of estrogen, progesterone, 
and prolactin. Increasing estrogen 

levels secreted by the placenta induce 
growth of both the ductal system and 
surrounding stroma with large quan-
tities of adipose tissue deposition and 
increased glandular vascularity. Si-
multaneously, increasing progesterone 
levels play a synergistic role with es-
trogen by causing further maturation of 
the breast lobules and alveoli with the 
secretory characteristics of the alveoli 
cells being developed.11-13

Estrogen and progesterone, though 
essential for breast development during 

pregnancy, cause inhibition of milk pro-
duction. Concentrations of both these 
hormones significantly drop near the 
end of pregnancy and immediately after 
parturition, eliminating their inhibitory 
effects. On the other hand, secretion of 
prolactin by the pituitary gland steadily 
increases throughout pregnancy  and, 
when unopposed by estrogen and pro-
gesterone, promotes the synthesis of 
milk. A few weeks postpartum, prolactin 
concentrations also return to basal levels; 
however, milk production is sustained by 
breast feeding, which induces intermit-
tent spikes of marked prolactin secretion.  

Clinically, these changes cause in-
creasing firmness, volume, and nodular-
ity to the breast which persists through 
lactation and makes physical exam-
ination progressively more problem-
atic.11,14 This correlates with markedly 
increased fibroglandular breast paren-
chyma, which affects the appearance 
of the breast tissue on mammography, 
ultrasound, and MRI, and changes the 
overall sensitivity and utility of the vari-
ous radiologic modalities. 

Radiologic Evaluation 
Most pregnant women fall below 

the recommended age for annual mam-
mographic screening, with the median 
age at diagnosis of PABC being 33-34 
years.4, 5 Thus, imaging evaluation of 

FIGURE 2. 27-year-old patient, 28 weeks pregnant, who presented with a palpable right breast lump. (A) Sonographic evaluation showed a 
hypoechoic mass with cystic areas (arrows). (B) Color Doppler images demonstrated marked internal vascularity. Biopsy proved the mass to 
be a lactating adenoma. 

A B

FIGURE 3. 29-year-old lactating patient, 10 months postpartum, who presented with a pain-
less palpable right breast lump. Sonographic images showed a well-circumscribed cystic 
lesion with a fat-fluid level, consistent with a galactocele.
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PABC is predominantly diagnostic 
in nature. Most patients present with 
a palpable breast lump that can eas-
ily be assessed with ultrasound (US). 
Furthermore, given the lack of radi-
ation and high sensitivity of between 
86.7% -100%, US is easily the test of 
choice.15,16 

Sonographically, the increase in the 
non-glandular fibrofatty tissue during 
pregnancy causes the breast paren-
chyma to appear diffusely more hy-
poechoic.16-18 During lactation, the 
breast parenchyma becomes diffusely 
echogenic due to proliferation of glan-
dular components and production of 

milk rich in fat. During this time, prom-
inent ducts and increased vascularity 
can also be observed.14-18

Mammography may also be used 
to assess for PABC with physiolog-
ical changes manifesting as marked 
increase in parenchymal density and 
breast size. 12 However, owing to the 

FIGURE 4. Puerperal mastitis with abscess in two different patients. (A) 34-year-old patient, several weeks postpartum, who had stopped 
breast feeding, and (B) 23-year-old patient who was 4 months postpartum and breast feeding. Both patients presented with a palpable lump. 
Ultrasound evaluation demonstrated a heterogeneous complex hypoechoic cystic mass in both cases. For patient A, biopsy of the mass was 
performed, with result of abscess, and culture of fluid aspirated from the mass grew Staphylococcus aureus. For patient B, biopsy of the mass 
yielded lactational/secretory changes with acute and chronic inflammation, and culture of fluid aspirated from the mass showed no growth, 
which may have been related to prior antibiotic treatment. 

A B

FIGURE 5.  31-year-old patient, 10 weeks pregnant, who presented with a palpable lump in 
the left axilla. (A) Ultrasound of the left axilla showed an abnormal lymph node with thick cor-
tex and effacement of the fatty hilum. Biopsy showed poorly differentiated infiltrating ductal 
carcinoma. Patient then underwent diagnostic mammogram and whole breast ultrasound 
to assess for the primary tumor. (B) Ultrasound showed an irregular hypoechoic mass with 
numerous echogenic foci, consistent with calcifications. (C) Mammography demonstrated a 
mass in the inner lower left breast with pleomorphic calcifications in a segmental distribution[-
circle] as well as enlarged left axillary lymph nodes (arrow). Biopsy of the breast mass demon-
strated infiltrating ductal carcinoma. 

A B C
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median age of women with PABC, 
mammography is typically recom-
mended only if there is high suspicion 
for malignancy or to determine extent 
of disease.11 This is because mam-
mography is less sensitive compared 
to ultrasound with studies reporting 
sensitivities between 78-87% in the 
setting of PABC.6, 15, 19 For lactating 
women 40 and older, mammography is 
considered appropriate. 

Mammography is generally consid-
ered safe during pregnancy and lacta-
tion.20 It is important that radiologists 
be prepared to discuss radiation safety 
with patients and referring providers, 
who are often hesitant due to perceived 
risks. The fetus is most susceptible to 
radiation-induced malformations during 
the first trimester, believed to occur with 
exposure greater than 0.05 Gy of radia-
tion. However, performing standard two-
view mammography of each breast with 
abdominal shielding exposes the fetus 
to ~0.003-0.004 Gy, a minimal fetal ra-
diation exposure. There is no proven 
carcinogenic effect of mammography in 
lactating women.11, 20 

Currently, dynamic contrast enhanced 
(DCE) breast MRI is not recommended 
during pregnancy. Based on the current 

American College of Radiology (ACR) 
appropriateness guidelines, there is in-
sufficient safety data for the fetus, and its 
diagnostic role has not been established. 
MRI is only recommended during preg-
nancy when the risk-benefit ratio is 
clearly defined by the disease process 
and predicted outcome.18, 20

During lactation, DCE breast MRI 
may be safely performed to evaluate 
the extent of disease or for high-risk 
screening. Gadolinium is considered 
safe during lactation with very low con-
centrations found in the produced milk. 
21 The current ACR guidelines do not 
require patients to discontinue breast 
feeding, though patients may pump and 
discard breast milk for 24 hours after 
gadolinium administration to fully ex-
crete the contrast and thus avoid any in-
gestion by the infant.20,21

Since breast MRI is not typically 
performed during pregnancy, the phys-
iological changes observed on MRI 
are typically of lactating women. Like 
other modalities, the physiological 
changes are manifested as increased 
breast parenchymal. A few small-scale 
studies have shown rapid, moderate 
to marked increased background en-
hancement, which is postulated to be 

secondary to increased perfusion. Ad-
ditionally, there is diffusely increased 
T2 signal from milk production within 
the breast tissue.22, 23

Previous reports have hypothesized 
that the increased background enhance-
ment would limit the value of DCE breast 
MRI in pregnant and lactating patients; 
however, a small case series showed that 
it was able to accurately detect all breast 
cancers in five cases. 23 Also, in a recent 
retrospective study, preoperative MRI 
was shown to be 98% sensitive at detect-
ing tumors. More importantly, in 28% of 
those cases, MRI changed surgical man-
agement by showing greater extent of 
disease or pathologically proven larger 
tumor burden compared to ultrasound 
and mammography.24

Another recent small cohort study 
showed that noncontrast breast MRI 
using diffusion tensor imaging (DTI) 
could be used in adjunct with other mo-
dalities in detecting PABC, evaluating 
the symptomatic breast, and screening 
high risk women during pregnancy. 25 

These studies show that MRI may be 
of value in the management of PABC 
despite current recommendations and 
further research to explore these roles is 
necessary. 

FIGURE 6. 34-year-old lactating patient 
who presented with a palpable left breast 
lump. (A) Diagnostic US showed an 
irregular hypoechoic mass. (B) Addition-
ally, a 1.7cm abnormal left axillary lymph 
node was identified with thick cortex. (C) 
Diagnostic mammogram showed a cor-
responding irregular mass in the outer 
central breast (circle). Biopsy of the mass 
revealed poorly differentiated infiltrating 
ductal carcinoma with ipsilateral axillary 
lymph node metastases.

A B C
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Common Benign Disorders 
As in non-pregnant young females, 

the most common benign tumors associ-
ated with pregnancy are fibroadenomas. 
It is postulated that the majority of fibro-
adenomas are present before pregnancy 
but become apparent as they grow with 
rising hormone levels. Clinically, these 
present as painless, palpable, and rub-
bery masses, and are often multiple and 
bilateral. Imaging findings are similar to 
those of non-pregnant patients: an oval, 
well-circumscribed hypoechoic mass. 
In the setting of pregnancy or lactation, 
for a growing fibroadenoma or a new 
solid-appearing mass, even with be-
nign features, image-guided biopsy and 
pathologic correlation is recommended 
(Figure 1).11, 13, 14

An uncommon benign entity that 
mainly occurs in the setting of preg-
nancy, typically in the 3rd trimester, is an 
infarcted fibroadenoma. The etiology is 
likely a rapidly growing fibroadenoma, 
secondary to increased hormones, that 
eventually outgrows its blood supply. 
This produces variable imaging patterns 
depending on the severity of infarction. 
These lesions can have heterogeneous 
echotexture, internal cystic spaces, and 
ill-defined or irregular borders, mim-
icking malignancy and often requiring 
pathological confirmation. Another form 

of fibroadenoma that may mimic malig-
nancy is a fibroadenoma with secretory 
hyperplasia or lactational changes. This 
is thought to be due to hormone sensi-
tive epithelial cells within the fibroade-
noma, which are stimulated and undergo 
growth of the ductal elements in a simi-
lar manner to normal mammary tissue 
related to increased hormone levels. 
Sonographically, these typically show 
heterogeneous echotexture with hyper-
echoic areas, dilated ducts, and intrale-
sional cysts. Secretory like calcifications 
may be seen on mammography.11, 13, 14

Lactating adenomas comprise a 
fourth kind of benign tumor and are 
unique to pregnancy and lactation. 
They are often indistinguishable from 
fibroadenomas on imaging and patho-
logically. They usually present as pal-
pable, solid, and mobile masses during 
the 3rd trimester or during lactation and 
can be multiple and bilateral. Their 
typical sonographic appearance is of 
a solid hypoechoic and oval, mass that 
is circumscribed and may have microl-
obulations (Figure 2A); color Doppler 
evaluation typically shows internal vas-
cularity (Figure 2B). Posterior acoustic 
enhancement may be present secondary 
to intralesional fluid. Like fibroadeno-
mas, lactating adenomas may also in-
farct and be painful, causing the lesion 

to have a heterogeneous appearance 
under imaging which can mimic malig-
nancy.13,14,26

Lactating women can also develop 
galactoceles, which are the most com-
mon benign breast masses in these 
patients. Galactoceles occur predom-
inantly after cessation of breastfeed-
ing, but they occasionally can occur 
during lactation and, rarely, in the 3rd 
trimester.13 They are caused by milk ob-
structing a duct, inducing dilation of the 
obstructed portion and forming a com-
plex cystic lesion. Fluctuating amounts 
of internal degraded milk products and 
surrounding inflammatory changes 
cause variable imaging appearances. 
Typically, these are oval shaped, with 
variable echogenicity depending on fat 
content and age of the lesion; they may 
begin as anechoic and show increasing 
echogenicity as they age. Internal vas-
cularity should never be seen, although 
surrounding hyperemia is common due 
to surrounding inflammatory changes. 
Occasionally, a fat-fluid level may be 
observed that is pathognomonic (Figure 
3). The majority of galactoceles resolve 
spontaneously.11, 13, 14 

A fifth benign entity commonly seen 
during lactation but infrequently during 
pregnancy is puerperal mastitis. The 
mechanism of infection is disruption of 

FIGURE 7. 33-year-old lactating patient, 1 month postpartum, who presented with a tender breast lump in the right breast. (A) US showed a 
heterogeneously hypoechoic mass with parallel orientation. (B) Power Doppler demonstrated peripheral and internal vascularity.  Biopsy of the 
mass revealed diffuse large B-cell lymphoma.
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FIGURE 8. 29-year-old patient, 3 weeks postpartum, who presented with a palpable left breast mass with associated purple discoloration of the 
skin. (A) Ultrasound evaluation showed an irregular hypoechoic mass (B) with marked internal and surrounding vascularity on color Doppler. 
Punch biopsy of the involved skin showed angiosarcoma, and core biopsy of the breast mass showed low-grade angiosarcoma involving breast 
parenchyma. (C) STIR sequence MRI images showed skin thickening with hyperintense signal (circle). (D) Postcontrast MRI maximum intensity 
projection (MIP) image showed an enhancing mass with multiple large feeding vessels (circle).
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the nipple epithelium and milk stasis, 
resulting in retrograde spread of bac-
teria, typically Staphylococcus aureus 
and Streptococcus. Patients clinically 
present with an erythematous, edem-
atous, and painful breast. Diagnosis 
can be made based on clinical findings 
when uncomplicated, though imaging 
work-up may be necessary if there is 
poor response to antibiotics or concern 
of an underlying abscess. Ultrasound 
is the modality of choice, with sono-
graphic findings of mastitis including 
skin thickening, decreased parenchymal 
echogenicity, and increased vascular-
ity. An abscess will typically appear as 
a complex hypoechoic cystic mass with 
peripheral vascularity and posterior 
acoustic enhancement (Figure 4).14,16,18

Treatment of puerperal mastitis con-
sists of antibiotics and frequent breast-
feeding or breast expression to limit 
milk stasis. Ultrasound-guided aspira-
tion should be considered for drainage 
of an abscess to provide pain relief and 
to shorten illness duration. If the ab-
scess persists or recurs, repeat drainage 
should be performed.7,14,18 In atypical 
or refractory cases, further work-up 
with mammography and US should be 
considered, owing to the overlap of ra-
diologic and clinical findings of infec-
tion and inflammatory breast cancer. 
Image-guided core needle biopsy or 
skin-punch biopsy may be necessary if 
there is suspicious imaging or clinical 
features.14,18

Pregnancy-associated Breast Cancer
Women with PABC typically pres-

ent with a firm, painless, and palpable 
lump that is frequently non-mobile.15, 

26 Additional presentations include 
unilateral breast enlargement with 
skin thickening, nipple retraction, and 
nipple discharge.27 As in non-preg-
nant patients, the most common breast 
cancer associated with pregnancy is 
invasive ductal carcinoma, with the 
pregnancy-associated malignancies 
having more aggressive histological 
features. Middleton et al  showed that 
the most common histological subtype 

in 39 cases of PABC was a high-grade 
tumor that was estrogen and proges-
terone negative with increased rates of 
lymphovascular invasion.28

The imaging appearance of PABC 
is similar to that of non-gestational 
breast cancer. Nearly all cases of PABC 
present with the unifying sonographic 
finding of a mass.15, 27 Ultrasound fea-
tures that typically signify a malignant 
rather than a benign process include a 
hypoechoic mass that is taller than it is 
wide, with indistinct or spiculated bor-
ders. Enlarged axillary lymph nodes 
may also be present in the setting of 
lymph node metastases. (Figures 5, 6) 
It has been reported that PABC often 
shows large cystic components, and up 
to 63% of these malignancies display 
posterior acoustic enhancement – find-
ings that are typically associated with 
benign lesions.15, 23 Thus, it is imper-
ative that biopsy be considered in the 
setting of a new solid mass found on ul-
trasound during pregnancy, even with-
out suspicious features, to avoid delay 
in care. 

Mammographically, the most com-
mon presentation of PABC is a mass 
with or without associated features, 
such as skin thickening, calcifica-
tions, and axillary lymphadenopathy, 
followed by calcifications without an 
associated mass (Figures 5,6). A less 
common presentation is skin thick-
ening with generalized increased pa-
renchymal density, typically seen 
in inflammatory breast cancer. This 
presentation can be confused with pu-
erperal mastitis, which can lead to a 
delay in diagnosis.6,15, 27

The literature on MRI evaluation of 
PABC is sparse, as contrast-enhanced 
MRI is considered contraindicated in 
pregnancy; most published research 
focuses on postpartum and lactating 
women. Despite concern that increased 
background enhancement could reduce 
sensitivity, a recent study by Myers et 
al showed that contrast-enhanced MRI 
had a sensitivity of 98% in detecting 
malignancy. The most common MRI 
appearance was of an enhancing mass 

with 62% of the PABC displaying an 
irregular shape and 66% having irreg-
ular margins. 24 In a recent prospective 
cohort by Nissan et al evaluating the 
feasibility of noncontrast MRI using 
DTI, PABC most often appeared as de-
creased diffusivity and maximal anisot-
ropy values when compared to normal 
pregnant fibroglandular tissue.25

Atypical Pregnancy-related 
Malignancies of  the Breast

There are two distinct but uncommon 
types of primary lymphomas that affect 
the breast, both of which are especially 
rare during pregnancy and lactation. The 
first, Burkitt Lymphoma, is the less com-
mon of the two, presenting as diffuse 
bilateral breast enlargement that affects 
younger puerperal women. Classically, 
this type of breast lymphoma is catego-
rized as the endemic or African type, 
which has been linked to the Epstein-Barr 
virus, though there are also sporadic 
cases.  On imaging, this malignancy 
manifests as diffuse bilateral increase in 
parenchymal density corresponding to 
the infiltrative tumor process.11, 29 The 
more common subtype, non-Hodgkin 
lymphoma of the breast,  typically af-
fects older women. These are usually 
unilateral with presentation and imaging 
features that are similar to those of breast 
carcinoma.29 Although this lymphoma is 
not typically associated with pregnancy, 
there are a few confirmed cases in puer-
peral women (Figure 7).

Another rare entity that can affect 
puerperal women is primary breast an-
giosarcoma. This aggressive tumor oc-
curs sporadically in younger women;  
6-12%  of these tumors are associated 
with pregnancy or lactation.30 Clini-
cally, they present as a painless, rapidly 
growing, and palpable mass, often ac-
companied by an adjacent bluish skin 
discoloration.30, 31 The mammographic 
appearance is nonspecific, with the most 
common presenting feature being an 
ill-defined noncalcified mass or a focal 
asymmetry. Up to 33% of breast angio-
sarcomas are mammographically occult. 
Sonographically, these tumors display 
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varying echogenicity and may have cir-
cumscribed or ill-defined borders; on 
color Doppler, angiosarcomas typically 
display marked hypervascuarlity (Figure 
8). On MRI, these tumors appear het-
erogeneous, displaying decreased sig-
nal intensity on T1 sequences and high 
signal on T2 sequences. Low-grade an-
giosarcomas typically show a persistent 
enhancement pattern on contrast-en-
hanced MRI, while high-grade tumors 
display rapid enhancement and wash-
out, with large draining vessels possibly 
being visualized (Figure 8).31 

Conclusion 
PABC is a subset of breast cancer 

that carries a poor prognosis. During 
pregnancy, the breast undergoes many 
physiologic changes that make an imag-
ing diagnosis challenging. Ultrasound 
is the primary imaging modality in the 
diagnostic work-up for PABC, though 
mammography and MRI may also play 
a role. Palpable masses presenting in 
pregnant or lactating women should un-
dergo prompt imaging evaluation. New 
or growing solid masses should be fur-
ther evaluated with biopsy to avoid de-
laying a potential cancer diagnosis. 
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Cystic lesions of the head and 
neck, ranging from benign and 
incidental cysts to life-threaten-

ing infections and malignancy, present 
a common and important diagnostic 
challenge. 

Although some pathologies can pres-
ent as trans-spatial masses, most cystic 
lesions are confined to well-defined an-
atomical spaces. A differential diagno-
sis can be sharpened by identifying the 
involved spaces and obtaining a good 
patient history (Table 1). 

This series presents an overview of 
benign and malignant cystic lesions 
of the head and neck, emphasizing 
their appearance on CT and MRI. Part 
1 focuses on lesions of the oral cavity, 
pharynx, masticator space, and parotid 
space. Part 2 will cover lesions of the 
carotid space and associated lymph 
nodes, as well as the retropharyngeal, 
prevertebral, and visceral spaces, and 
the supraclavicular fossa.

Lesions of the Oral Cavity
The oral cavity can be divided into 4 

anatomical subunits: the oral mucosal 
surface (or space), the oral tongue, the 
sublingual space, and the submandibular 

space.1 Lesions of the oral mucosal sur-
face are readily examined by the clinician 
and generally not imaged unless a deep 
component is suspected. 

In the oral tongue, the common cystic 
lesion is a lingual abscess. Similar to ab-
scesses elsewhere in the body, a lingual 
abscess typically demonstrates a well-cir-
cumscribed margin, fluid attenuation on 
CT or fluid signal intensity on MRI, and 
peripheral enhancement (Figure 1).2,3 
Risk factors include poor oral hygiene, 
penetrating trauma (eg, piercings), and an 
immunocompromised state.4 

The sublingual space (SLS) lies su-
perior to the mylohyoid muscle and 

contains fat, the sublingual glands, the 
submandibular ducts, and neurovascu-
lar bundles. The submandibular space 
(SMS) lies inferior to the mylohyoid 
muscle and contains fat, the subman-
dibular glands and lymph nodes, and 
the anterior bellies of the digastric mus-
cles (Figure 2). Both spaces are shaped 
like a horseshoe, and they communicate 
at the posterior margin of the mylohy-
oid muscle.1

The differential diagnoses for cystic 
lesions in the SLS and SMS are overlap-
ping but not identical. Both spaces can 
become infected with an abscess. Epi-
dermoid cysts are more common in the 
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FIGURE 1. A lingual abscess in a 62-year-old with floor of the mouth swelling 2 weeks after 
an upper respiratory infection. Axial (A) and coronal (B) images from a contrast-enhanced CT 
(CECT) demonstrate a circumscribed rim-enhancing cystic lesion (white asterisks) centered in 
the root of the tongue.
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SLS, and dermoid cysts (with pathogno-
monic floating fat globules resembling a 
“sack of marbles”)5-7 are more common 
in the SMS.8 Submandibular duct ob-
struction occurs in the SLS, and may be 
caused by calculi, which can usually be 

identified on CT,6 or by strictures, which 
are better evaluated with conventional or 
MR sialography.9 

A ranula is a mucinous cyst confined 
to the SLS, resulting from obstruction 
or damage to the sublingual gland, or 
obstruction of the submandibular duct. 
Unless infected, a ranula is thin walled 
and unilocular, filling one or both sides 
of the SLS “horseshoe.”(Figure 3).1,8 
An epidermoid cyst can mimic a ranula 

but is less common. When the ranula ex-
tends into the SMS, most commonly via 
a defect in the mylohyoid muscle,10 it 
becomes a diving (or plunging) ranula, 
often leaving only a small residual col-
lection (or “tail”) of fluid in the SLS that 
is helpful for diagnosis (Figure 4).8,11,12 

Vascular malformations can occur al-
most anywhere in the head and neck and 
are usually trans-spatial, but they often 
involve the SMS when they first present 

FIGURE 2. A coronal image from a CECT 
demonstrating the sublingual space (SLS) 
and submandibular space (SMS). The SLS 
(white outline) lies superior to the mylohyoid 
muscle (black asterisk) and adjacent to the 
intrinsic and extrinsic muscles of the tongue 
(gray outline). The SMS (black outline) lies 
inferior to the mylohyoid and contains fat, 
the anterior bellies of the digastric muscles 
(white asterisk), lymph nodes, and subman-
dibular glands (not seen on this slice). 

FIGURE 3. A simple ranula in a 24-year-old referred by their dentist for a floor of the mouth 
abnormality. Axial (A) and coronal (B) images from a CECT demonstrate a large horse-
shoe-shaped cystic lesion filling the bilateral sublingual spaces (white arrows). An epidermoid 
cyst could also have this appearance but is less common.
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Table 1. Cystic lesions in the oral cavity and neck (excluding the teeth, bones, and CNS)

Anatomical structure,  Differential diagnosis 
space, or region

Tongue Abscess, thyroglossal duct cyst (base of tongue)
Sublingual space Abscess, simple ranula, epidermoid cyst, submandibular duct obstruction
Submandibular space Abscess, dermoid cyst, diving ranula, vascular malformation
Pharyngeal mucosal space Abscess (palatine tonsil), Thornwaldt cyst, retention cyst
Parapharyngeal space Abscess, vascular malformation
Masticator space Abscess (odontogenic), vascular malformation
Near the mandibular angle 2nd branchial cleft cyst, necrotic or suppurative lymph node, parotid tail lesion
Parotid space Abscess, necrotic or suppurative lymph node, sialocele, 1st branchial cleft cyst,  
 Sjögren syndrome, lymphoepithelial lesions, Warthin tumor, cystic BMT
Carotid space and adjacent nodes Abscess, schwannoma, necrotic or suppurative node
Retropharyngeal space Abscess, edema, necrotic or suppurative lymph node 
Prevertebral space Abscess (related to discitis), longus colli tendinitis
Visceral space Abscess, thyroglossal duct cyst, colloid cyst in thyroid, anaplastic thyroid  
 carcinoma, laryngocele, laryngeal retention cyst, esophageal diverticulum, 
  tracheal diverticulum
Supraclavicular fossa Necrotic left supraclavicular (Virchow) node, lymphocele
Trans-spatial or multifocal Abscess, necrotic or suppurative lymph nodes, vascular malformation,  
 thyroglossal duct cyst, branchial cleft cyst
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FIGURE 5. A lymphatic malformation in a 19-year-old with a slowly growing submandibular lump. Axial (A) and coronal (B) images from a 
CECT demonstrate a trans-spatial multilocular cystic lesion involving the left masticator, submandibular, and anterior cervical spaces (white 
asterisks). On further evaluation with MRI (C and D), the lesion is predominantly hyperintense with thin septations (black asterisk) on an axial 
T2-weighted image (C), with a small submandibular enhancing component (white arrow) on the axial T1-weighted image with contrast and fat 
saturation (D).
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FIGURE 4. An infected diving (plunging) ranula in a 23-year-old with recurrent submandibular swelling. Axial (A) and coronal (B) images from a 
CECT demonstrate a rim-enhancing cystic lesion that is mostly in the right submandibular space (white asterisks), with a “tail” of residual fluid in 
the right sublingual space (white arrow).
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FIGURE 6. A peritonsillar abscess in a 35-year-old with fever 
and dysphagia. An axial image from a CECT demonstrates 
swelling of the right palatine tonsil with associated faintly rim-en-
hancing cystic lesion (black arrows) and effacement of the adja-
cent parapharyngeal fat.

FIGURE 7. An axial image from a CECT demonstrating the masticator 
space (black outline) and parotid space (white outline) on the right side. 
A prominent retromaxillary fat pad (white asterisk) lies just anterior to the 
masticator space. The parotid gland has a deep lobe (black arrow) and 
superficial lobe (white arrow).

FIGURE 8. An odontogenic abscess in 
a 28-year-old with facial swelling. Axial 
(A) and coronal (B) images from a CECT 
demonstrate a rim-enhancing cystic lesion 
tracking along the right maxillary alveolar 
ridge and posterior wall of the maxillary 
sinus (white arrows). Bone window/algo-
rithm (C) reveals a periapical lucency and 
adjacent focal dehiscence of the buccal 
cortex of the alveolar ridge (white arrow), 
consistent with the extension of peri-
odontal infection to the masticator space. 
Opacification of the ipsilateral maxillary 
sinus may represent odontogenic parana-
sal sinus disease. 
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FIGURE 9. An axial image from a CECT demonstrating normal land-
marks around the mandibular angle, including the submandibular gland 
(SMG), tail of the parotid gland (ToP), sternocleidomastoid muscle 
(SCM), jugulodigastric lymph node (asterisk), internal carotid artery 
(black arrow), and internal jugular vein (white arrow).

FIGURE 10. An infected second branchial cleft cyst in a 23-year-old with a rapidly enlarging neck lump. Axial (A) and coronal (B) images from 
a CECT demonstrate a rounded rim-enhancing cystic lesion (white asterisk) just anterior to the sternocleidomastoid muscle (black asterisk), 
inferior to the angle of the mandible with associated fat stranding. The cyst displaces the internal carotid artery (black arrow) and internal jugular 
vein (white arrow) posteriorly

in adults.8 These lesions are classified as low-flow and high-
flow lesions;13 the low-flow lesions — venous and lymphatic 
malformations — are most likely to appear cystic on imaging. 
When a low-flow vascular malformation is suspected, MRI is 
the preferred modality for evaluating the extent of the lesion. 
A typical MRI appearance is a trans-spatial, multilocular mass 
with fluid-fluid levels (Figure 5).14,15 In a venous malformation, 
portions may appear more solid or microcystic, and phleboliths 
may be present.

Lesions of the Pharynx
The pharynx is divided into the nasopharynx (posterior to 

the nasal cavity), oropharynx (posterior to the oral cavity), and 
hypopharynx (posterior to the larynx). The pharynx is lined 
by the pharyngeal mucosal space, which includes the mucosal 
surface, lymphatic tissue (adenoidal, lingual, and palatine ton-
sils), and submucosal minor salivary glands.1 Many cystic le-
sions seen in the pharyngeal mucosal space are almost always 
incidental and asymptomatic. 

A Tornwaldt cyst is a notochordal remnant located in the na-
sopharynx at the midline. Retention cysts of the pharyngeal mu-
cosal space are seen in the nasopharynx (off midline) and in the 
oropharynx. Both cysts are well circumscribed and thin walled, 
with the standard imaging features of a simple cyst. The fluid 
may demonstrate high T1 signal if it is proteinaceous.

A more serious cystic lesion in the pharyngeal mucosal 
space is the peritonsillar abscess (PTA). The typical appear-
ance on CT is a rim-enhancing fluid collection just deep to an 
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FIGURE 13. A cystic benign mixed tumor (pleomorphic adenoma) in a 24-year-old with a pre-
auricular lump. Axial (A) and coronal (B) images from a CECT demonstrate a lobulated, mul-
tilocular, cystic lesion in the left parotid gland (white arrow). A sialocele or hematoma could 
have a similar appearance.

enlarged palatine tonsil (Figure 6).16 In 
severe cases, pus can extend into adja-
cent spaces, notably the parapharyngeal, 
masticator, and submandibular spaces. 
Rarely, an abscess may form within the 
parenchyma of the tonsil, referred to as an 
intratonsillar (or tonsillar) abscess (ITA). 
On imaging, an ITA is surrounded by 
tonsillar tissue, distinguishing it from a 
PTA. Although the distinction between a 
PTA and ITA is not always clear, it may 
be helpful for optimizing treatment.17 In 
any case, the radiologist should provide a 
precise description of the size and extent 
of the abscess, including the involved 
spaces and structures.

Lesions of the Masticator Space and 
Mandibular Angle

The masticator space is a large paired 
space containing primarily the muscles 
of mastication and associated nerves 
and blood vessels (Figure 7). By far the 
most common cystic lesion encountered 
in this space is the odontogenic abscess.1 
The source of the infection is usually a 
mandibular molar or recent dental pro-
cedure. Small fluid collections adjacent 
to the alveolar ridge may be difficult to 
see on CT, especially if there is streak 
artifact from dental amalgam, so clinical 
suspicion is helpful (Figure 8). 

Larger abscesses can track along the 
mandible or maxilla into deeper, more 
posterior portions of the masticator 
space, and even extend into adjacent 
spaces, such as the parapharyngeal or 
retropharyngeal space. On the bone 
window/algorithm (Figure 8), CT 
often shows signs of associated peri-
odontal disease (periapical lucency) 
and osteomyelitis (cortical dehiscence, 
permeative/destructive bone changes, 
periosteal reaction).16

The mandibular angle is a convenient 
landmark for an important differential 
diagnosis (Figure 9). In adults, a round 
cystic lesion at the angle of mandible, 
just anterior to the sternocleidomastoid, 
may be a second branchial cleft cyst 
(2nd BCC; Figure 10) or a level II ne-
crotic lymph node (Figure 11). 

The wall of the lesion may be thin (typ-
ical for BCCs but also seen in necrotic 

FIGURE 11. A necrotic, metastatic lymph node in a 51-year-old with a neck lump. An axial 
image from a CECT demonstrates a rounded rim-enhancing cystic lesion (white asterisk) just 
anterior to the sternocleidomastoid muscle, inferior to the angle of the mandible, mimicking a 
second branchial cleft cyst. Mild enlargement of the left base of tongue (white arrow) suggests 
the primary site of malignancy, which turned out to be squamous cell carcinoma.

FIGURE 12. Multicystic parotid glands in a 51-year-old with Sjögren syndrome. MRI with axial 
T2 (A) and T1 images with contrast and fat saturation (B) demonstrates mildly enlarged parotid 
glands with numerous small T2-hyperintense non-enhancing cysts. Benign lymphoepithelial 
lesions in a patient with human immunodeficiency virus (HIV) could also have this appearance.
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nodes) or thick and enhancing (more 
typical for a necrotic node but also seen 
in infected BCCs). The distinction is 
important: a 2nd BCC is a benign con-
genital lesion, whereas a necrotic lymph 
node may be the first manifestation of 
oropharyngeal squamous cell carcinoma 
(SCCa). One clue may be the patient’s 
age: a 2nd BCC usually presents in early 
adulthood (age 20-40 years), and oro-
pharyngeal SCCa — even HPV-asso-
ciated cancer — usually presents after  
age 40.18 

Nevertheless, there is some age over-
lap, and any new cystic lesion near the 
mandibular angle in an adult should be 
viewed with suspicion.19 Although the 
primary tumor is often small and diffi-
cult to see on CT, careful inspection of 
the palatine tonsils and base of tongue 
may be fruitful. It is also essential to 
confirm that the cystic lesion near the 
mandibular angle does not, in fact, be-
long to the parotid tail.

Lesions of the Parotid Space
The parotid space contains the parotid 

gland, the branches of the facial nerve, 
and the external carotid artery, as well 
as the retromandibular vein and lymph 
nodes (Figure 7). The parotid gland 
wraps around the posterior margin of the 
mandibular ramus and is often described 
on cross-sectional imaging as having a 
deep lobe and a superficial lobe, sepa-
rated by the retromandibular vein. 

The most inferior part of the superfi-
cial lobe is referred to as the parotid tail, 
which can extend to or below the angle 
of the mandible (Figure 9). The parotid 
duct courses anterior to the gland super-
ficial to the masseter muscle and termi-
nates near the second maxillary molar.1

A wide variety of benign and malig-
nant cystic lesions can arise in the parotid 
space, most with overlapping imaging 
features. Often the differential diagnosis 
can be narrowed by the clinical history 
and by whether the lesions are solitary 
or multifocal.20 A solitary rim-enhancing 
cystic lesion likely represents an abscess 
if the parotid gland is enlarged (parotitis) 
with adjacent fat stranding (cellulitis), 

and infection is suspected clinically. A 
large parotid duct with an intraluminal 
stone suggest the abscess is a complica-
tion of sialolithiasis. 

A recurrent parotid abscess raises 
the possibility of an infected first bran-
chial cleft cyst (1st BCC).5 In the setting 
of prior trauma, a simple parotid cyst 
could represent a sialocele. Multiple 
small, bilateral cysts (Figure 12) rep-
resent only two possibilities: Sjögren 
syndrome (usually a known clinical di-
agnosis) or benign lymphoepithelial le-
sions (which can also be solid or mixed 
cystic and solid) in a patient with human 
immunodeficiency virus (HIV).21

A cystic mass without associated in-
flammatory changes in an asymptom-
atic smoker is suggestive of a papillary 
cystadenoma lymphomatosum (War-
thin tumor), especially if accompanied 
by multiple or bilateral masses, or if the 
lesion is located in the parotid tail (the 
classic “earring lesion”22). However, 
almost any parotid mass can appear cys-
tic or necrotic, including benign mixed 
tumor (Figure 13), various carcinomas, 
and metastatic nodal disease.23 

An exact diagnosis is often impos-
sible when evaluating a cystic parotid 
mass; the more important role of the 
radiologist is to identify any suspicious 
features, such as invasive margins, peri-
neural tumor spread, and T2 hypointen-
sity of the solid component (suggestive 
of highly cellular tumors).24 Because 
parotid malignancy often mimics be-
nign tumors, the usual management of a 
parotid mass is surgical.25
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Cephaloceles are complex brain 
malformations that can be fur-
ther characterized by the con-

tent of the herniated tissue. They can be 
classified by location, which is import-
ant for family counseling and surgical 
planning. Although imaging is vital for 
characterizing cephaloceles, and fetal 
MRI is becoming more commonly uti-
lized for prenatal characterization, little 
appears in the radiology literature on 
this complex topic. This review illus-
trates the four major types of cephalo-
celes using a multimodality approach 
with prenatal and postnatal correlation. 
A brief overview of epidemiology and 
embryology is provided, and associated 
anomalies and distinguishing features 
of associated syndromes are discussed. 
By utilizing the location-based system 
and understanding the commonly asso-
ciated features, the radiologist may pro-
vide a more comprehensive description 
of cephaloceles to better facilitate clini-
cal management.

Cephaloceles are one of the most 
common forms of neural tube defects, 
ranking only behind myelomeningoce-
les and anencephaly. Cephalocele is a 
generic term defined as a protrusion of 
the meninges with or without brain tis-
sue through a defect in the skull.1-2 A 
meningocele is a protrusion of only me-
ninges and cerebrospinal fluid (CSF). 
An encephalocele is a protrusion of 
meninges, CSF, and brain tissue. An 
encephalocystocele contains menin-
ges, CSF, brain tissue and ventricle. 
The term atretic cephalocele (also 
called meningocele manqué) describes 
a small, midline subscalp nodule that 
contains meninges, fibrous tissue, and 
dysplastic brain tissue.3 The term fron-
to-ethmoidal denotes the involvement 
of the upper anterior cranium and is 
synonymous with the less commonly 
used sincipital (Table 1).

The incidence of cephaloceles is 0.8-4 
of 10,000 live births.4 Cephaloceles ac-
count for 10-20% of all craniospinal 

dysraphisms.4 Geographical variation 
exists, with occipital subtypes represent-
ing 66-89% of all cephaloceles in the 
Caucasian populations of North America 
and Western Europe.5-7 Anterior sub-
types are more common in Southeast 
Asia.6 Most cases of isolated cephaloce-
les (not associated with other congenital 
anomalies) are sporadic, with genetic 
and non-genetic factors involved in the 
pathogenesis.8 Cephaloceles may be as-
sociated with myriad genetic syndromes, 
most commonly Meckel-Gruber, as well 
as the Chiari III malformation, holo-
prosencephaly, and Dandy-Walker mal-
formation.2,9-10 A cephalocele detected 
prenatally warrants a detailed diagnostic 
assessment and characterization for an 
underlying syndrome.11

Embryology 
The central nervous system begins 

forming in the third week of embry-
onic life as thickened ectoderm called 
the neural plate. Elevation of the lateral 
edges of the neural plate forms the neural 
folds, which fuse to form the neural tube. 
Fusion begins in the cervical region, pro-
ceeding in both the rostral and caudal 
directions until closure between days 
25-27 postconception. The mechanism 
resulting in cephaloceles is uncertain but 
presumably involves defective closure  
of the anterior neural tube. Anterior 
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Table 1. Definitions of Terms Characterizing Herniated Tissue in Cephaloceles with Imaging Correlates 

Term Meningocele Encephalocele Encephalocystocele Atretic  Fronto-ethmoidal 
    cephalocele cephalocele
Content Only meninges Meninges, CSF,  Meninges, CSF,  Small midline Involving the upper  
 and CSF and brain tissue brain tissue sub-scalp nodule anterior cranium;  
   and ventricle containing also referred to as  
	 	 	 	 meninges,	fibrous	 sincipital	cephalocele 
    tissue, and 
    dysplastic
Example

FIGURE 1. Occipital meningocele. Axial (A) and sagittal (B) CT images demonstrate an occipital bone defect (arrow) with protrusion of tissue. 
Axial (C) T2 images depict a small, CSF-intensity sac (arrows) representing the meningocele protruding through the defect. No brain tissue is 
identified in the sac.

FIGURE 2. Occipital encephalocele. 
Axial CT image through the supraten-
torial brain parenchyma (A) shows a 
fluid- and soft-tissue attenuation sac 
(arrows) herniating through a mid-
line occipital skull defect (*), consis-
tent with an occipital encephalocele. 
Axial T2 MRI through the cerebellum 
(B) demonstrates that the hernia sac 
contains CSF (triangle) and dysplas-
tic neural tissue (square). Irregular 
margins of the neural tissue and lack 
of definite connection to the ventricles 
argues against encephalocystocele in 
this case.
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cephaloceles (fronto-ethmoidal and 
basal) are thought to arise from defec-
tive development of the prosencephalic 
neural crest tissue.12 In contrast, oc-

cipital cephaloceles may relate to de-
fective segmentation of the posterior 
cranial bones.13 Some authors believe the  
etiology of congenital cephaloceles  

centers on a postneurulation event in 
which brain tissue herniates through a 
defect in the mesenchyme that eventu-
ally becomes the cranium and dura.14 

Diagnosis and Classification 
Most cephaloceles can be detected 

prenatally by ultrasound. Alpha feto-
protein levels may be unreliable given 
that both maternal serum and amniotic 
fluid alpha fetoprotein levels may be 
normal if the cephalocele is covered 
by skin.15 On ultrasound these lesions 
may appear as cystic (meningocele) 
and/or solid (encephalocele) structures 
protruding through a calvarial defect. 
Further evaluation with computed to-
mography (CT) and magnetic reso-
nance imaging (MRI, including fetal 
MRI) is useful to determine the extent 
of herniation as well as the presence of 
associated anomalies. CT is useful for 
identifying osseous defects while MRI 
is superior for defining the portions of 
herniated tissue, detecting abnormal 
signal in dysplastic brain tissue, and 
evaluating the cartilaginous nasofron-
tal region. An MR or CT angiogram or 
venogram may provide more detailed 
evaluation of vascular anatomy and its 
relation to the cephalocele.

Several classification systems exist. 
The system proposed by Suwanwela 
and Suwanwela provides a compre-
hensive, location-based classification 
that characterizes cephaloceles as 1) 
occipital, 2) cranial vault, 3) fronto- 
ethmoidal, and 4) basal. This system 
has also been found useful for selecting 
the operative approach.6 More exten-
sive cephaloceles, however, may en-
compass more than one type. Clinical 
features and prognoses of cephaloceles 
depend on location, severity, and pres-
ence of dysplastic brain tissue and asso-
ciated abnormalities.16-17 

Occipital Cephaloceles
Occipital cephaloceles demonstrate 

defects involving the occipital bones, 
with the cephalocele extending pos-
teriorly (Figures 1-3). The herniated 
tissue may include the supra- and/or in-
fratentorial brain, tentorium, and dural  

FIGURE 4. Atretic cephalocele. Fetal sagittal 
(A), and post-natal sagittal T2 MRI images 
(B) show a small midline sub-scalp parietal 
cystic lesion (arrow). MRV (C) demonstrates 
persistence of the embryonic falcine sinus 
(open arrow) leading to the scalp lesion 
(solid arrow). Axial T2 MRI (D) show a “cigar-
shaped” CSF tract in the interhemispheric fis-
sure (arrow). 

FIGURE 3. Occipital encephalocystocele. Axial (A) and sagittal (B) fetal MRI images demon-
strate an occipital cranial defect with a large hernia sac (solid arrows) consisting of meninges 
and supratentorial neural tissue (dashed arrow) containing a portion of the occipital horns of 
the lateral ventricles (arrowhead) consistent with an encephalocystocele.
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venous sinuses. These cephaloceles 
are the most common type overall and 
account for a higher proportion of ceph-
aloceles in Caucasian populations of 

Europe and North America.5-7 Occipital 
cephaloceles are typically apparent on 
physical exam at birth, and the size of 
the herniation varies. Ventriculomegaly 

is observed in the majority of cases. 
Prognostic factors include size of her-
niation, degree of hydrocephalus, and 
presence of associated anomalies.16-17 

Large occipital encephaloceles may be 
associated with developmental delay, 
blindness, poor feeding, cranial nerve 
deficits, and seizures.18

Cranial Vault Cephaloceles
Cranial vault cephaloceles occur along 

the superior cranium within the fonta-
nelles or defects in the parietal, frontal, 
or temporal bones. They present as a 
midline posterior scalp mass. The patient 
often is otherwise clinically normal un-
less associated anomalies are present.19 
Atretic cephaloceles, the most common 
form, are small midline subcutaneous 
scalp masses consisting of dura and dys-
plastic meninges connected to the intra-
cranial meninges by a fibrous stalk. They 
are usually located in the parietal lobe; 
MRI typically demonstrates a fibrous 
tract and vertical falcine vein, which ex-
tend to a subcutaneous scalp mass (Fig-
ure 4). Atretic cephalocele may arise 
through a bone defect or fenestration,  
or the bone may be closed with com-
pletely separated intra- and extracranial  
contents.20 

The embryonic falcine sinus is 
often positioned vertically, with a 
cigar-shaped CSF tract in the inter-
hemispheric fissure.19,21 Cranial vault 
cephaloceles are considered abortive 
or involuted true cephaloceles20; they 
have a more favorable prognosis than 
other true cephaloceles.22

FIGURE 5. Fronto-ethmoidal encephalocele. Coronal CT bone window (A) demonstrates a 
defect at the foramen cecum (arrow). Coronal CT image on brain windows (B) demonstrates 
brain attenuation extending caudally through the foramen cecum (arrow). Coronal T2 MRI 
image (C) demonstrates CSF and neural tissue extending caudally at the level of the foramen 
cecum (arrow).

FIGURE 6. Fronto-nasal encephalocele with hydrocephalus. Lateral skull radiograph (A) 
shows a frontal soft tissue mass (arrows). (B, C) Axial CT images through the glabella demon-
strate a frontal bone defect (arrows) and encephalocele (arrowhead). Hydrocephalus is also 
noted (*). Axial T2 MRI (D) show a midline encephalocele (arrows) at the level of the lower 
frontal bone. Marked hydrocephalus is also seen (*). 

A B C

A

C

B

D



30       n        APPLIED RADIOLOGY
©

         www.appliedradiology.com September–October 2020

PEDIATRIC CEPHALOCELES: A MULTIMODALITY REVIEW

Fronto-ethmoidal Cephaloceles 
Fronto-ethmoidal cephaloceles 

(FECs) range from occult lesions to 
marked craniofacial abnormalities, in-
cluding microcephaly, telecanthus, hy-
pertelorism, orbital dystopia, or micro/
anophthalmos. There is an increased 
incidence in Southeast Asian popula-
tions.6 Sagittal and coronal images may 
be the most helpful in demonstrating 
contiguity between intracranial contents 
and the mass.23 Prior to surgical repair, 
CT scanning helps to characterize the 
bone defect. FECs can be classified ac-
cording to the osseous defect’s location.

Naso-ethmoidal cephaloceles are 
characterized by herniation into the su-
peromedial nasal cavity, with the defect 

FIGURE 9. Chiari III with thoracic myeloschisis. Axial T2 (A) demonstrates an occipital encephalocele (arrows) with cerebellar crowding and 
tonsillar herniation. Axial T2 (B) demonstrates open the thoracic dysraphism (arrow). Sagittal T2 (C) demonstrates the open thoracic dysra-
phism beginning in mid-thoracic spine extending caudally (arrow).

FIGURE 7. Basal encephalocele (A) and T2 MRI images (B). A defect of the cribriform plate (arrow) is seen. There is protrusion of CSF and 
brain tissue into the nasal cavity and right maxillary sinus (*).

FIGURE 8. Occipital meningocele with Dandy-Walker malformation. Fetal axial T2 image (A) 
shows a small midline occipital meningocele (arrow) and cystic replacement of an enlarged 
posterior fossa (*). A fetal sagittal T2 image (B) demonstrates the large posterior fossa cyst (*) 
and an elevated tentorium (arrows). 
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centered at the foramen cecum (Figure 
5).6 They protrude through the foramen 
cecum into the prenasal space. They are 
positioned inferior to the nasal bones.

Naso-frontal cephaloceles have a 
midline frontal defect, often with mass 
at the glabella (root of the nose) (Figure 
6).6 They protrude through an unoblit-
erated fonticulus frontalis. 

Naso-orbital cephaloceles are char-
acterized by an inferomedial orbital 
defect. They protrude into the infer-
omedial orbit through a defect in the 

maxillary bones at the lacrimal/frontal 
process. They can induce proptosis and 
globe displacement.

FECs are more commonly associated 
with craniofacial clefts.6 FECs also gen-
erally have a better prognosis than occip-
ital cephaloceles because the protruding 
mass in the FEC tends to contain scarred, 
nonfunctional neural tissue.18

Basal Cephaloceles
Basal cephaloceles occur when there 

is a defect in skull base (Figure 7). They 

are rare and may present even later in the 
first decade of life with recurrent men-
ingitis.24 Basal cephaloceles may be oc-
cult or present with midface anomalies 
such as cleft lip/plate, hypertelorism, or 
a nasal epipharyngeal mass.  Immediate 
surgical repair is indicated because of the 
elevated risk of meningitis.18

Associated Anomalies and 
Neurologic Manifestations

Many cases of cephalocele are as-
sociated with additional congenital  

Table 2. Conditions Associated with Cephaloceles

Site Condition Distinguishing Features
Frontal Amniotic Band Syndrome Ring constrictions and amputations of digits and/or limbs, irregular/asymmetric  
  cephalocele, microcephaly, microphthalmia, distal syndactyly, orofacial clefts

	 Frontonasal	Dysplasia/		 Ocular	hypertelorism,	widow’s	peak,	anterior	cranium	bifidum	occultum,	notching 
	 Median	Cleft	Face	Syndrome	 	of	nostrils,	widely	set	nostrils	with	lack	of	elevation	of	the	nasal	tip
 
Occipital or  Chiari III Malformation Syringomyelia, hydrocephalus, tethered cord, abnormal neuroectodermal tissues 
high cervical   

Occipital	 Cryptophthalmos/Fraser	 Ear	anomalies,	notching	of	nasal	wings,	extension	of	forehead	skin	to	cover	one 
  Syndrome or both eyes, unusual hairline, soft-tissue syndactyly of hands and/or feet, genital  
  anomalies including cryptorchidism, micropenis, and clitoromegaly

	 Dandy	Walker	Formation	 Triad	of	cystic	dilation	of	the	fourth	ventricle,	complete	or	partial	agenesis	of	the	 
	 	 cerebellum	and	an	enlarged	posterior	fossa	with	torcular-lamboid	inversion

	 Dyssegmental	Dwarfism	 Lethal	dwarfism,	short	broad	pelvis	with	widely	flared	iliac	wings,	short	broad	 
  tubular bones with metaphyseal widening, accelerated carpal bone maturation,  
	 	 bowing	of	legs,	thighs	and	forearms,	vertebral	anomalies,	small	thorax,	cleft	palate,	 
  micrognathia

 Fetal Warfarin Syndrome Nasal hypoplasia, limp shortening, bone stippling, low birth weight, seizures,  
  hydrocephaly, optic atrophy, intellectual disability

	 Knobloch	Syndrome	 Myopia,	vitreoretinal	degeneration,	retinal	detachment,	meningocele,	normal	 
  intelligence

	 Meckel-Gruber		Syndrome		 Classically	triad	of	renal	cystic	dysplasia,	cephalocele	or	holoprosencephaly,	and		
  postaxial polydactyly;  microphthalmia, retinal dysplasia, cardiac anomalies,  
  orofacial clefting, ambiguous external genitalia

	 Pseudo-Meckel	Syndrome	 Arhinencephaly,	agenesis	of	corpus	callosum,	Arnold-Chiari	defect,	cleft	palate,	 
  congenital heart defects, accessory spleen , clubfoot, hallucal hammertoes; retinal  
  dysplasia is not a feature

	 von	Voss-Cherstvoy		 Corpus	callosum	dysplasia,	hypoplastic	olives	and	pyramids	of	medulla	oblongata, 
 Syndrome phocomelia, urogenital anomalies, thrombocytopenia

	 Walker-Warburg		 Muscle	weakness	and	atrophy	early	in	life,	developmental	delay,	hydrocephalus,	 
 Syndrome microphthalmia, buphthalmos, cataracts
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anomalies, which are important to 
identify for prognostic purposes 
(Table 2). In one of the largest studies 
on cephaloceles, the following associ-
ated anomalies and neurologic man-
ifestations were identified in order of 
decreasing frequency: hydrocephalus, 
seizure disorder, corpus callosum ab-
normalities, cerebral dysgenesis, and 
migrational disorders, including gray 
matter heterotopia, microcephaly, and 
myelomeningocele.4 

In this study, 52% of patients experi-
enced at least mild developmental delay, 
with hydrocephalus and other associated 
intracranial abnormalities identified as 
predictors of developmental delay.4 Le-
sion location notably was not found to 
be a significant predictor of outcome. 
Myriad genetic syndromes and condi-
tions are associated with cephaloceles, 
including Meckel-Gruber syndrome, 
the middle interhemispheric variant of 
holoprosencephaly, Dandy-Walker mal-
formation (Figure 8) and Chiari III mal-
formation (Figure 9).2,9-10 Meckel Gruber 
is the most commonly associated syn-
drome.25 With the presence of associated 
malformations affecting cognitive out-
come, imaging is a critical component of 
the workup of patients with cephaloceles 
and often serves as the primary basis for 
prenatal counseling.4

Conclusion
Cephaloceles are complex cranial 

malformations that can be classified by 

location, each with differing clinical 
presentation and associated anomalies. 
Prenatal and postnatal imaging is im-
portant to delineate the relevant anat-
omy. By describing cephaloceles via a 
location-based classification system, 
the radiologist may facilitate more ac-
curate presurgical planning and prenatal 
counseling.
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At the onset of the COVID-19 
pandemic in the United States, 
many elective procedures and 

non-urgent ambulatory visits were re-
scheduled to comply with stay-at-home 
orders and to ensure patient and staff 
safety. This has created a significant 
backlog of patients who need service at 
many clinics and outpatient centers in 
the coming months. Hospital ambulatory 
clinics and radiology waiting rooms are 
typically crowded and not set up to facil-
itate physical distancing; limiting sched-
ules severely hampers patient throughput 
and adversely affects ability to provide 
timely care and address these backlogs. 
In addition, many patients currently 
avoid hospitals for fear of contracting 
the virus. With COVID-19 cases not yet 
significantly abating in many areas, the 
question arises whether radiologists can 
safely and efficiently care for patients 
until a vaccine for COVID-19 is widely 
available.

Here we will discuss our experience 
using fast MRI body imaging protocols 
in combination with strategic use of 
free-standing facilities to safely reduce 
our patient backlog and manage our 
MR imaging load.

Fast MR Imaging: Rationale for Use
In the setting of the COVID-19 pan-

demic and significant patient back-
logs, shortening MRI protocols to 
relieve backlogs and minimize potential 

COVID-19 exposure to patients and 
staff seems logical, particularly with 
respect to vulnerable populations. How-
ever, faster patient turnaround risks 
undesirable overcrowding of MRI and 
hospital outpatient waiting areas.

Many hospital systems have affiliated 
free-standing outpatient imaging centers 
in proximity to residential areas, thus 
providing easy access for patients. Park-
ing tends to be more common at ground 
level and readily accessible to the facil-
ity entrance. Patients may also feel more 
comfortable at smaller facilities, which 

can provide a friendlier, “non-hospital”’ 
environment, decrease the stress on large 
hospital outpatient waiting areas, and 
allay any fears patients might have with 
regard to satisfactory physical distanc-
ing measures. Free-standing imaging 
centers often have a smaller footprint, 
allowing for nimble operational changes 
and facilitating physical distancing. It 
is also faster to test fast scanning pro-
tocols in a small number of scanners at 
free-standing imaging centers instead 
of attempting to implement them across 
an entire hospital system. Several of our 

Improving Body Imaging Throughput 
in the Midst of COVID-19
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FIGURE 1. Schematic diagram of a radiology out-patient imaging facility (not to scale). (1) 
Patient drop-off. Patients can wait in car until called. All financial transactions made con-
tactless and curbside, when possible (arrow head). Patient enters facility and directly to 
‘prep area” (2). Once ready, patient proceeds directly to scanner (3). Once scanned, patient 
changes in a designated room or scanner room and exits via an alternate exit (4), thus limiting 
contact with others.
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suggested solutions allow for safer, more 
expeditious patient throughput, which is 
key for the effective application of fast 
MRI protocols to help reduce patient 
backlog. 

Fast MRI Effectiveness
The growing trend toward more 

patient-centered health care has chal-
lenged radiologists to assess MRI pro-
tocols more critically, with an emphasis 
on efficient and fast protocols.1 Fast 
(also called rapid, focused, or abbrevi-
ated) MRI protocols offer an alternative 
to standard protocols for answering spe-
cific clinical questions, potentially im-
proving workflows, addressing imaging 
demand, and reducing costs, all without 
sacrificing patient safety.

Several retrospective studies have 
shown the effectiveness of fast MRI for 
HCC screening.2-7 Nougaret, et al, for ex-
ample, reported that contrast-enhanced 
scans did not provide additional infor-
mation over unenhanced scans of pan-
creatic cystic lesions.8 Short protocols 
have also been proposed for other pro-
cedures, such as screening the adrenal 
glands, kidneys, and female pelvis.1 Seo, 
et al proposed using MR enterography 
to evaluate small-bowel inflammation  
in Crohn disease with non-enhanced 
diffusion weighted imaging (DWI).9  
Kang, et al evaluated 10 studies and 
found no significant differences in spec-
ificity or sensitivity between bi-para-
metric and multi-parametric MRI scans 
for prostate cancer evaluation.10  Short, 
specific protocols have been proposed 
for breast MRI screening and assess-
ment of breast lesion size.11-13 Ross, et 
al showed high sensitivity and specific-
ity for hip and pelvic fractures using an 
abbreviated MRI protocol.14 Khurana, 
et al showed similar results with a short 
MRI protocol to evaluate hip pain in the 
emergency room setting.15

Planning Fast MRI Implementation 
Our healthcare system consists of 

hospital, outpatient, and free-standing 
clinics, with imaging equipment ac-
quired from three MRI vendors. There-

fore, a free-standing imaging center and 
a limited number of scanners of similar 
generation and vendor were key to ef-
fective and efficient rollout of fast body 
MR imaging.

To begin, we created an ad hoc group 
to rapidly conceive and implement a 
fast MR scanning program. An expe-
rienced radiologist from each imag-
ing section reviewed the literature and 
proposed feasible protocols. When-
ever possible, more frequently used 
comprehensive MRI protocols were 
converted to fast MRI protocols. Each 
of these protocols was then vetted by 
each section and the MRI imaging mo-
dality group (Table 1, online at http://
appliedradiology.com/articles/improv-
ing-body-imaging-throughput-in-the-
midst-of-covid-19). We established the 
following inclusion and exclusion crite-
ria for fast body MRI protocols:

Inclusion Criteria
•  Prior good quality baseline MRI scan 

in the PACS as a reference scan;
•  As a follow up scan of a pre- 

existing medical condition; and
•  Scan indication is a focused clinical 

question; eg, is the tumor bigger or 
smaller, was locoregional therapy 
effective, or was there tumor recur-
rence or new metastasis?

Exclusion criteria
•  Request for lesion characterization;
•  Work-up of findings seen on other 

imaging modalities;
•  Specific request for standard MRI 

study.

Fast MRI Practices 
Patient Access

All patients were asked to comply 
with masking and were screened for 
signs/symptoms of illness in advance of 
and upon arrival for their appointment 
(Figure 1). Waiting room seating was 
configured to maintain a distance of 6 
feet between patients. To minimize use 
of waiting areas, patients who arrived by 
automobile were asked to wait in their 
car until called for scanning. Our health 
system is implementing a patient texting 

platform, which is expected to further 
expedite this process. If necessary for an 
exam, oral contrast was delivered to the 
patient’s vehicle. Cashless co-payment 
procedures and devices prevented con-
tact with registration staff. 

Facility Changes
Physical barriers created a six-foot 

perimeter around the MRI console; no 
one was allowed within that zone while 
it was occupied by a technologist. An 
MRI technologist oversaw and main-
tained a clean and safe environment in 
all work areas. The scanner room was 
cleaned with hospital-grade germi-
cidal wipes between each procedure. 
High-contact surfaces (eg, doorknobs, 
locker handles) were also cleaned with 
these wipes. All used linens were re-
moved and disposed of appropriately. 
Restroom signs indicated occupancy. 
Patients were prepped in designated 
areas, further limiting contact with 
other patients and staff. Entry and exit 
of patients were regulated as much as 
possible through a “one-way-only” sys-
tem. Arrow markers on the floors and 
walls helped facilitate this system. 

Personal Protective Equipment and 
Other Protection Measures

All staff were provided with personal 
protective equipment (PPE). Owing to 
resource limitations, more extensive 
PPE was used for COVID-19-positive 
patients or patients under investigation 
for the disease, while standard universal 
protection measures were implemented 
for other patients. Staffing of these sites 
was important to manage the increase in 
patient volume and to provide safety for 
patients and staff. Whenever possible, 
two teams of technologists alternated 
scanning patients, thus providing con-
tinuity of care. At least two prep rooms 
were also used to help patients prepare 
patients expeditiously.

Scanning Checklist
Protocols were tested and approved 

for use. An additional torso coil was 
also acquired to help speed patient 
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throughput and case turnaround. Once 
completed, scans were automatically 
sent to the PACS system, without provid-
ing radiologists with the opportunity to 
check them or to add sequences. Hence, 
it was important that the scanning tech-
nologist closely adhere to the imaging 
parameters and review all images for 
screening and diagnostic quality. To fa-
cilitate this process, technologists were 
provided with a checklist (Appendix 1) to 
complete and scan into the PACS at the 
conclusion of each study. 

Teamwork Is Vital
Since success in this endeavor re-

quired the support of our clinical col-
leagues, we consistently kept channels 
of communication open. For example, 
we established a list of patients whose 
tests were rescheduled because of 
stay-at-home orders. We designated 
radiologists in each imaging section to 
consult with referring physicians for 
approval of fast MRI protocols on a 
patient-by-patient basis. At every stage 
we made sure to involve all stakehold-
ers, including MRI staff, imaging su-
pervisors, administrators, and local 
technical applications support person-
nel. Including technologists on our task 
force facilitated their buy-in during the 
operational change process.

Implementation Challenges
Change often raises questions and 

challenges, especially with regard to im-
plementing unconventional approaches 
to long-standing procedures. For exam-
ple, some radiologists expressed their 
fear of missing findings and the accom-
panying medico-legal ramifications. We 
addressed this issue by having any pa-
tient who required more detailed imag-
ing to return for a more comprehensive 
scan. Using a smaller facility, located 
apart from our main hospital, is not al-
ways ideal for patients with clinic visits 
at a different location on the same day. 
Working with the patient’s clinical team 
to coordinate appointment times helped 
us to prevent delays in patient care. 

Scan Reimbursement 
Institution-specific guidelines were 

created for assessing a limited charge 
modifier (CPT modifier 52) for billing 
of the fast MR protocols. For example, 
limited-charge modifiers may be appro-
priate for scanning procedures or room 
use lasting less than 10 minutes. Simi-
larly, a limited-charge modifier may be 
considered if the protocol sequences do 
not fulfill the study recommendations 
put forth by the appropriate accredit-
ing body (eg, The American College 
of Radiology). The application of the 
limited-charge modifier is largely at an 
institution’s discretion; many fast pro-
tocols will not require it, as they meet 
recommended guidelines. Indeed, the 
majority of fast protocols at our institu-
tion did not require the modifier. Billing 
can be nuanced, however, with regional 
and institutional variations based on 
payer mix, standard of care and, ulti-
mately, the clinical question being an-
swered.

Fast MRI Improves Throughput 
At the start of this fast MRI protocol 

implementation, nearly half of our body 
imaging backlog studies were deemed 
eligible for fast protocols. By utilizing 
the resources of our free-standing im-
aging centers, the fast protocols enabled 
our facility to return to 90% of our av-
erage pre-COVID-19 MRI scans per 
day within one month of implementa-
tion. By comparison, our hospital-based 
outpatient facility MR imaging vol-
ume returned to only 57% of the pre-
COVID-19 average.

Based on our experience, a thought-
ful, well-planned execution of fast MRI 
protocols in smaller and more easily 
modified imaging facilities can poten-
tially provide more efficient patient care 
and reduce scanning backlogs during 
the continuing COVID-19 pandemic. 
Indeed, these protocols may continue 
to be utilized beyond cessation of these 
conditions, pending assessment of ra-
diologist, technologist, patient, and cli-
nician satisfaction.
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Artificial intelligence (AI) has 
already made—and continues 
to make—significant impacts 

on radiology. 
One area of clinical practice, in par-

ticular, is in triage, also known as CADt. 
Indeed, CAD triage already is playing 
an active role in some clinical practices, 
where a deep learning-based algorithm 
acts as the “first reader” of medical 
images and highlights cases based on 
suspicion level of pathology, thus pro-
viding a prioritized worklist to the radiol-
ogist as the “second reader.” 

Longstanding research on error-re-
duction practices in aviation and 
surgery underscores the usefulness of pri-
oritization to minimize human error and 
improve efficiencies. One study found 
that prioritizing urgent exams in a work-
list helped improve reporting turnaround 
times.1 Radiologists typically read exams 
either in a random fashion or on a sequen-
tial “first in, first out” basis. This means 
suspicious cases may not be interpreted 
promptly, depending on practice back-
logs. This inefficiency can impact prac-
tices, outcomes, and patient care. 

Triage software for worklist prior-
itization or physician notification has 
been successfully deployed for medical 
imaging studies such as stroke imag-
ing and other emergency indications. 

FDA-cleared software for stroke tri-
age includes solutions from Avicenna,  
RapidAI, and Viz.ai. The benefits of 
these programs include direct notifica-
tion of stroke teams to expedite decision 
making and treatment. Vendors like 
Aidoc also offer software that priori-
tizes such critical cases as intracranial 
hemorrhage, pneumothorax, cervical 
spine fracture, and pulmonary embolus. 

CAD triage also holds significant 
benefits for mammography, where it 
has been shown to outperform tradi-
tional CAD. As stated in an editorial 
recently appearing in Radiology, “Ulti-
mately, this innovative application 
[CADt] of artificial intelligence may 
prove more effective and reliable than 
conventional computer aided detection 
in advancing a so-called lean approach 
to mammographic screening.”2 

CureMetrix brought the first FDA-
cleared AI-based triage product for 
mammography to market. The com-
pany’s cmTriage automatically moves 
suspicious studies to the top of a worklist 
and expedites recall of suspicious mam-
mogram cases. Triage can also be used 
to strategically distribute mammograms 
to multiple readers in a large practice. In 
addition, triage sensitivity can be set high 
to facilitate segregation of most-likely 
normal mammograms for reading. 

The positive reader bias from triage 
can result in up to 30% faster reading 
times. A study presented at the Society 
of Breast Imaging’s 2020 annual meet-
ing showed that an academic practice 
could realize up to a 55% reduction in 
false-positive recalls, a 12% reduction in 
benign biopsies, and a 17% improvement 
in cancer detection rates using triage 

The Power of Triage (CADt)  
in Breast Imaging
Lisa Watanabe, MD

Dr Watanabe is a clinical associate 
professor at the USC Keck School of 
Medicine, Los Angeles, CA, and Chief 
Medical Officer, CureMetrix Inc, San 
Diego, CA.

FIGURE 1. CureMetrix cmTriage on an anonymized PACS Worklist. Triage functions as the 
first reader and sorts mammograms based on case-based scoring. cmTriage can also be dis-
played on a RIS worklist such as Nuance.
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workflow as compared to clinical work-
flows without triage.3

Case-based triage software works 
hand in hand with lesion-based CAD. 
Once a suspicious case is opened for 
viewing, lesion-based CAD flags areas 
of concern. Traditional CAD (CADe) 
was intended to be used as a second 
reader. While initial publications sug-
gested improved reader accuracy with 
CADe, subsequent research in a large, 
multi-reader study showed an overall 
decrease in radiologist performance in 
the clinical setting, dampening enthusi-
asm for CADe.4 AI-based quantitative 
CAD, based on deep learning, is also 
known as CADx. CADx tools such as 
CureMetrix’s cmAssist can enhance 
sensitivity and specificity. 

A recently published MD Anderson 
Cancer Center study demonstrated a 
69% reduction in false-positive mark-
ings per image with cmAssist AI-based 
CAD.5 Multiple-reader studies have 
shown that AI-based CAD improves 
cancer detection rates in mammography. 
In one published study, cancer detection 

rates averaged a 27% improvement for 
readers of varying experience and train-
ing levels using AI-based CAD, without 
an increase in recall rates.5 

Hologic and iCAD offer AI-based 
solutions designed to increase reader 
efficiency for 3D mammography, or 
digital breast tomosynthesis (DBT). 
Hologic’s 3DQuorum technology recon-
structs 3D imaging data from the com-
pany’s DBT solution into 6mm slices 
that identify clinically relevant features 
and regions of interest. According to 
Hologic, 3DQuorum can reduce tomo-
synthesis image volume by up to 66%, 
or an average of 1 hour per 8 hours of 
image interpretation without compro-
mising image quality, sensitivity, or 
reader accuracy.6

iCAD’s Profound AI analyzes DBT 
images to provide information on the 
Certainty of Finding lesion and Case 
Scores to assist reader efficiency. A 
recent study reported the solution 
reduced radiologist reading times by 
52.7%, reduced unnecessary patient 
recall rates by 7.2%, and improved 

radiologist sensitivity by 8%.7 ICAD 
also reports its solution reduces reading 
times by up to 57.4% in women with 
dense breasts.8 

In summary, applications of AI, par-
ticularly in triage, have become a clinical 
reality and are well suited to mammog-
raphy, offering numerous benefits that 
include cost savings9 and increased 
efficiency, accuracy, overall practice 
value, and job satisfaction. It behooves 
all breast imagers to investigate and con-
sider implementing AI solutions in clini-
cal practice.
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FIGURE 2. In this case, a clinically missed cancer was sorted as suspicious through cmTriage 
and the lesion was flagged by cmAssist with a high neuScore = 74.
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A rtificial intelligence (AI) is gaining credibil-
ity in breast imaging. 

Whether it is a study showing that AI out-
performs human readers1 or one showing that a 
combination of AI and radiologist assessment 
improves diagnostic accuracy,2 AI is being rec-
ognized for its potential to help address a wide 
range of challenges in breast imaging.

“In radiology, we have challenges with access 
to quality care, human error, and radiologist 
burnout,” says Constance Lehman, MD, PhD, 
director of Breast Imaging and co-Director of the 
Avon Comprehensive Breast Evaluation Center 
at Massachusetts General Hospital. 

“Although X-ray technology has been 
around for a very long time, a minority of 
humans in the world have access to quality 
radiology technology,” Dr Lehman says.  “And 
we need to fix that.” 

AI may help address these disparities by 
providing access to specialists and helping to 
raise the overall quality of care, says Dr Leh-
man, lead author of a 2016 study by the Breast 
Cancer Surveillance Consortium (BCSC) that 
assessed screening digital mammography 
trends in the US. 

According to the study, sensitivity and can-
cer detection rates have increased since BCSC’s 
2005 and 2008 reports, likely reflecting digital 
mammography’s improved performance over 
screen-film mammography, as well as access to 

pathology data. However, abnormal interpreta-
tion rates have also increased.

The authors found these increases “particu-
larly concerning, given that recall rates have con-
tinually failed to meet the recommendations of 
the ACR and other expert panels going back to 
the initial report in 2005, despite calls for atten-
tion to this matter.”3

“We found that 40 percent of certified special-
ized breast imagers operated outside of the recom-
mended guidelines associated with false-positive 
exams,” Dr Lehman says. “That’s … something 
that we really need to address. AI can help reduce 
the variation in the human ability to perform con-
sistent and accurate interpretations.”

Michael Linver, MD, FACR, FSBI, emeritus 
director of Mammography at X-Ray Associ-
ates of New Mexico, agrees, and he expects the 
potential for AI to aid breast cancer screening 
and diagnosis to continue growing.

“AI is well suited to breast imaging due to 
the nature of what we do. We are only looking 
for one basic disease,” says Dr Linver, who is 
also Program Co-Director of the annual “Mam-
mography in Santa Fe” course. Breast imaging, 
he says, is unlike chest or abdominal imaging, 
which can be used to identify multiple possible 
diagnoses and targets.

“What’s problematic as a breast imager is that 
more mammograms are read by non-specialists 
than by specialists. [The non-specialists] don’t 
have the same level of expertise, and that means 
they need a little help,” he adds. “That’s where 
CAD (computer aided detection) and AI are  

The Future is Bright for Collaboration 
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particularly useful to help them achieve the next 
level of expertise, where they can perform a lot 
closer to specialists.”  

Serving as an assistant to help radiologists 
interpret breast imaging studies more accu-
rately is likely to come soon, says Christopher 
Comstock, MD, FACR, attending radiologist 
and director of breast imaging clinical trials at 
Memorial Sloan-Kettering Cancer Center.

“We will need a physician’s involvement for 
oversight and to interpret the complexities of each 
patient,” Dr Comstock says. “There is a saying 
that computers won’t replace radiologists, but 
radiologists with computers will replace radiolo-
gists.” He analogizes the relationship to that of a 
pilot and the plane’s autopilot capabilities. While 
technology may often “land” the plane, the pilot 
must still oversee the landing process.

“We can really benefit from more quantita-
tive analysis of findings,” Dr Comstock says. 
“Humans can take into consideration sev-
eral features and put together components of 
the image for the interpretation. Computers 
can recognize and analyze more information, 
such as patterns and associations, faster than a 
radiologist.”

Artificial intelligence may also help stream-
line workflow by previewing and prioritizing 
mammograms based on suspicious findings.

“There are several studies showing there is 
a subset of mammograms that could be triaged 
by AI. [However,] I think it is premature to do 
that,” says Linda Moy, MD, FSBI, Fellowship 
Director for Breast Imaging at New York Uni-
versity (NYU) Langone Medical Center. Dr 

Moy was involved in a study finding that the 
combination of AI and radiologists could more 
significantly improve breast cancer detection 
than either one alone.4

Another issue is whether patients and refer-
ring physicians will accept a diagnosis based 
only on algorithms or AI, Dr Moy notes, add-
ing that external validation by clinicians and 
scientists is required to continue pushing the 
field forward. While screening mammography 
demonstrates a great need for AI assistance, Moy 
says, AI can help clinicians read digital breast 
tomography (DBT) and breast MRI studies con-
taining a large number of images.

AI in Image Capture 
Some experts predict a growing role for AI in 

image capture.
“AI tools may help provide a more targeted, 

specific, and higher-quality image for every 
patient, every time,” says Dr Lehman. “We can 
be more precise in how we acquire the images 
targeted specifically to that patient’s body habi-
tus to answer the clinical question at hand.”

Dr Moy explains that AI may also help 
decrease radiation dose in DBT by creating 
so-called “synthetic images.” Generated by a 
DBT 3D data set, these images can be used to 
replace standard 2D images. Synthetic CT images 
are also being created from MRI data, potentially 
obviating the need for additional imaging. There 
are also technologies that create synthetic MR 
images from an MRI dataset, such as diffusion 
weighted images, which can shorten the MRI 
scan time. 

AI tools may help provide a more targeted, specific, 
and higher-quality image for every patient, every 
time. We can be more precise in how we acquire the 
images targeted specifically to that patient’s body 
habitus to answer the clinical question at hand. -

Constance Lehman, MD, PhD 
 Avon Comprehensive Breast Evaluation Center 
Massachusetts General Hospital
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With an estimated 75% of U.S. breast imaging 
centers now using DBT, the need for AI to help 
specialists read more efficiently is growing, says 
Dr Linver, adding that a screening tomosynthesis 
exam typically takes him two to three times lon-
ger to read than a screening mammogram.

“If we can use AI to decrease the pool of 
images, where only the valuable potential 
pathology information is presented to the radiol-
ogist, then that would be a huge step forward and 
make a difference in our efficiency,” he says.

The picture is less clear with respect to AI’s 
value in breast MRI. Although AI may be able to 
help radiologists read through voluminous MRI 
data, Dr Moy believes multi-center validation 
studies are more difficult to perform because 
comparatively fewer imaging centers perform 
breast MRI, resulting in less data to train an 
AI-based breast MRI algorithm. 

However, with abbreviated breast MRI proto-
cols becoming more widespread, Dr Comstock 
foresees an opportunity for AI to help quantify 
the data from breast MRI, which also delivers 
kinetic and compositional information; different 
MR sequences provide different information for 
interpretation.

“Since there is so much more information, 
I think it’s only natural that CAD and AI are 
needed more,” Dr Comstock says, noting that 
AI has the potential to offer more robust analy-
ses of multiple sets of data at one time through a 
trained network that has looked at thousands of 
cases on a level that is not easily achieved on a 
case-by-case basis.

“I think it can only improve the accuracy of 
the interpretation,” he says.

Risk Analysis
Beyond imaging, AI may also garner a role in 

radiomics and radio-genomics, where Drs Com-
stock and Moy believe AI could help breast spe-
cialists go beyond diagnosing and treating breast 
cancer to predicting breast cancer risk and treat-
ment response.   

“There is another layer where we can analyze 
treatment effect,” Dr Comstock says. “There is 
a whole other realm of AI in terms of analyzing 
the entire environment, including patient history, 
genetic testing, pathology, therapy, and how 

they navigate through the healthcare system to 
potentially improve outcomes.”

“Radiomics and radiogenomics can broaden 
the scope of how we can interpret images beyond 
the (traditional) normal or abnormal finding on 
any imaging test we perform,” agrees Dr Moy. 
“The whole concept of precision medicine is not 
just treatment of cancer but the treatment of a par-
ticular person and what works best for them.”

Indeed, Dr Moy points to a growing body 
of research showing a relationship between a 
patient’s genetic profile and their response to 
treatment. Precision medicine, she asserts, can 
encompass lifestyle changes to improve over-
all health and potentially reduce the likelihood 
of developing cancer or enhancing treatment 
response. 

Through a collaborative effort of MGH and 
the Massachusetts Institute of Technology, Dr 
Lehman has led efforts to develop and evaluate 
AI algorithms to improve breast cancer risk pre-
diction. For example, the team has used an algo-
rithm to evaluate breast density on mammograms 
and predict risk of developing breast cancer. The 
model performed well at MGH and has since 
been validated at other centers. The most recent 
findings will soon be published, Dr Lehman says.

“Commercially available risk models to pre-
dict future risk of breast cancer for an individual 
woman just don’t work that well,” Dr Lehman 
says. “It’s an uncomfortable truth, but most … 
women diagnosed with breast cancer have no 
currently known risk factors, other than being 
female. Second, there are patients who were iden-
tified as high risk who never developed breast 
cancer. Third, what was really shocking to us is 
how poorly the commercial models performed in 
racial and ethnic subgroups.”

Most models, she says, were developed in 
Caucasian women but are also being applied to 
Hispanic, Black, and Asian women. 

“So poor sensitivity, poor specificity, and 
racial and ethnic biases of existing risk models 
plague us,” Dr Lehman says.

Despite Some Challenges,  
AI’s Future Is Bright

One hurdle still standing in the way of wide-
spread adoption of AI in breast imaging, says Dr 
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Comstock, is that many such developing tech-
nologies may not be applicable across different 
practices and population groups.

“The challenge is wide validation of these 
different systems so that the radiologist has a 
clear understanding of what that information, or 
score, means,” he says. “How does the informa-
tion impact the decision to biopsy or not? How 
will it change actual patient care and practice 
decisions? It needs to be clear for the users who 
adopt the technology how to use the specific 
tool.”

AI will also need to be seamlessly incorpo-
rated into reading environments. Dr Comstock 
indicated historically many centers have needed 
separate workstations in addition to their PACS 
workstation to interpret DBT and MRI CAD 
studies. He believes most radiologists, like him-
self, don’t want yet another workstation for 
AI-assisted interpretations.

Data sharing issues also need to be addressed, 
says Dr Moy, who was recently involved in the 
RSNA’s AI COVID-19 Task Force to identify 
institutions interested in sharing data. Many 
institutions in China had already signed contracts 
with vendors for chest X-ray or chest CT data to 
develop AI solutions.

“We need to share our data anonymously and 
safely, and from multiple areas of research,” Dr. 
Moy says. “That requires buy-in from multiple 
centers.”

Fourth, AI algorithms developed on modern 
digital systems may not deliver the same or simi-
lar results on older technology. 

“Some AI tools have been developed on very 
high quality images from select specialized cen-
ters, and the results didn’t translate into general 
practice where the quality of the images was not 
as high,” Dr. Lehman says.

Finally, quality assurance is vital, Dr. Leh-
man says. Whether the “reader” is a computer 
or a human, “In the end, it’s an answer given to 

a patient or referring physician. We still need to 
have that quality oversight,” she says.

Dr Linver agrees. “Anytime we rely on a 
machine, we had better be sure it is basing a deci-
sion on valid, good data, otherwise it is poten-
tially dangerous. Breast imagers want to be more 
efficient in the ability to get through the cases but 
not sacrifice accuracy.” 

Despite these challenges, the experts consulted 
for this article believe the future of collaboration 
between AI and radiologists is bright. 

“It’s an exciting time as we enter a new era in 
breast imaging,” Dr Linver says. “While we’ve 
decreased the death rate from breast cancer by 
40 percent in the US in the last three decades, 
some countries in Europe have decreased it by 
as much as 60 percent because more specialists 
read mammograms. This is the greatest poten-
tial for AI, to brings us all to the level of experts 
in breast imaging and make breast cancer a less 
lethal disease.”

“We can imagine a day when we have more 
time to provide higher-quality care to our 
patients,” Dr Lehman says, and “when we’re 
using these tools to free up more of our time to 
focus on those things that require human inter-
vention and allow the AI tools to do what they 
do best.”
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CASE SUMMARY
A 13-year-old diagnosed with cys-

tic fibrosis (CF) and pancreatic insuf-
ficiency was seen for gastroenterology 
consultation after being found to have 
new onset of mild transaminase eleva-
tion during an admission for CF pul-
monary exacerbation. They showed 
no jaundice or manifestations of liver 
disease and denied abdominal com-
plaints, hematemesis, diarrhea, con-
stipation, easy bleeding or bruising, or 
symptoms of encephalopathy. After an 
initial work-up, no other causes of liver 
disease were identified. 

IMAGING FINDINGS
Two years following initial consul-

tation, abdominal ultrasound (Figure 
1) showed the liver to have a coars-
ened, heterogeneous echotexture with 
a nodular surface. Subsequent MRI 
(Figure 2), performed 2 years after the 
initial ultrasound, showed the liver to 
have a cirrhotic morphology with an 
irregular, macronodular contour and 
diffuse periportal edema. There were 
associated findings of portal hyper-
tension with borderline enlargement 

of the main portal vein, splenomegaly, 
and enlarged tortuous splenic vein.

DIAGNOSIS
Cystic fibrosis liver disease (CFLD)

DISCUSSION
Cystic fibrosis is a systemic, auto-

somal recessive disease that can give 
rise to complications involving mul-
tiple organ systems. As patient life 
expectancies increase, liver disease has 
increasingly become recognized as a 
major consequence of CF. CFLD often 
arises in children prior to puberty and 
is believed to be the third-most com-
mon cause of death in CF patients.1,2 
Reported prevalence rates have ranged 
from 2 to 37 percent;3 however, owing 
to its lack of widely agreed-upon diag-
nostic criteria, its variable imaging and 
clinical presentations, and slowly pro-
gressive nature, CFLD’s true preva-
lence is unknown. 

In the hepatobiliary system, the CF 
transmembrane conductance regula-
tor (CFTR) protein is expressed in the 
apical membranes of cholangiocytes 
and the gallbladder epithelium, where 

it regulates the water and electrolyte 
contents and alkalinization of bile. 
Impaired function of CFTR results in 
abnormally viscous bile with reduced 
alkalinity that accumulates in the bil-
iary tree and obstructs the small bile 
ducts. Abnormal bile composition and 
reduced flow leads to injury of chol-
angiocytes and collateral hepatocytes, 
stimulating the release of inflamma-
tory cytokines and growth factors 
and inducing hepatic stellate cells to 
secrete collagen.3 This fibrotic process 
results in the focal, then multilobular 
cirrhotic, patterns seen in patients with 

Cystic Fibrosis Liver Disease 
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FIGURE 1. Transverse ultrasound of the 
liver shows a diffuse coarsened echotexture 
of the hepatic parenchyma. In addition, the 
surface of the liver (arrow) has a micronod-
ular contour. 
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CFLD. Hepatobiliary complications 
are believed to occur exclusively in 
those with severe CFTR gene muta-
tions.2 An important observation that 
correlates with severe CFTR mutations 
is that CFLD rarely occurs with pan-
creatic sufficiency. However, no spe-
cific risk factors for liver disease have 
been identified, and why only certain 
patients with severe mutations present 
with CFLD remains unclear.3

CFLD is characterized by three dif-
ferent hepatic parenchymal imaging 
patterns.3 The first pattern is presumed 
to represent hepatic steatosis with 
or without hepatitis. On ultrasound, 
the liver is enlarged and hyperechoic 
compared to the right kidney.  As fat 
content increases, the through-trans-
mission of the hepatic parenchyma and 
visualization of portal triads and the 
right hemidiaphragm decrease.4 The 
second imaging pattern is thought to 
be caused by focal biliary cirrhosis. 
In this pattern, the liver has a hetero-
geneous appearance with focal areas 
of increased periportal echogenicity.4 
Finally, the nodular pattern is thought 
to represent changes related to hepatic 
fibrosis; it is present in approximately 
10% of CFLD patients.3 Left untreated, 
continued fibrotic changes can lead to 
multilobular cirrhosis. On ultrasound, 
the liver appears heterogeneous with a 

coarsened echotexture and an irregular, 
nodular margin. As fibrosis progresses, 
cirrhosis can develop, leading to other 
complications of hepatic dysfunction, 
including jaundice, coagulation disor-
ders, portal hypertension, esophageal 
varices and, as seen in this patient, asci-
tes and splenomegaly.3

Clinically diagnosing CFLD is 
challenging for two reasons. First, 
laboratory markers are neither sensi-
tive nor specific for CFLD. While the 
condition is commonly associated with 
normal-to-moderate elevations in liver 
enzymes, these values are similar to 
the liver enzyme levels found in CF 
patients without liver disease.  Sec-
ond, most patients are asymptomatic.  
The most common form of CFLD is 
hepatic steatosis, which occurs in 20 to 
60% of CF patients.4

Ultrasound has been proposed as a 
screening tool for CFLD. In one study 
of 719 patients, 18% had abnormal 
ultrasound liver patterns, with some 
showing a nodular cirrhotic ultrasound 
pattern prior to any clinical evidence of 
liver damage.5 Another study showed 
a strong correlation between surface 
nodularity on ultrasound and fibrotic 
histologic findings on liver biopsy.  
However, the same study highlighted 
other patients with histological signs 
of fibrosis who had normal-appearing 

ultrasounds. The authors concluded 
that a negative ultrasound does not pre-
clude diagnosis of CFLD and should 
be used in concert with other mark-
ers of liver disease.6 Based on these 
findings and the imaging findings 
previously described, an ultrasound 
scoring system has been proposed.7 
Three points are allotted to findings 
of liver parenchymal coarseness, liver 
edge nodularity, and periportal echo-
genicity, each based on severity, for a 
potential total of 9 points. Scores of 4 
and above correlated with significant 
elevations of liver enzymes and serum 
bilirubin and decreased levels of serum 
albumin and platelet counts.

MRI is also useful in detecting and 
quantifying liver disease, as it may 
detect cirrhotic changes with fibrosis, 
regenerative nodules, portal hyper-
tension, and fatty changes.8 One study 
identified three MRI findings that reli-
ably distinguished CFLD patients from 
a control group. These were altered 
gallbladder morphology, periportal 
tracking on diffusion weighted imaging, 
and periportal fat deposition in chem-
ical-shift imaging.9 More recent MR 
imaging techniques allow for quantifi-
cation of the different patterns of liver 
disease. Objectives measures such as 
liver stiffness, liver fat fraction, liver 
volume and spleen volume can be used 

FIGURE 2. (A) Axial T1 FSE, (B) axial T2 with fat saturation, and (C) axial T1 GRE sequence performed in the portal venous phase of 
contrast enhancement show hepatic fibrosis and splenomegaly. On all sequences, the liver has a macronodular appearance. On the T1 
FSE sequence, hypointense bands of hepatic fibrosis are present within the liver.  On the T2 image, the fibrosis appears as diffuse, wispy 
increased signal throughout the liver. 
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to quantitatively evaluate the liver.
Currently, ursodeoxycholic acid 

(UDCA) is the main pharmacologic 
treatment for CFLD. Originally used 
to treat gallstones, UDCA is believed 
to improve bile acid flow. However, 
there are few longitudinal random-
ized controlled trials studying UDCA 
therapy for CFLD. In a systematic 
review of randomized controlled tri-
als comparing the efficacy of UDCA 
to placebo, there was no difference in 
rate of portal hypertension or improve-
ment in abnormal biliary excretion.10 
Treatment also includes nutritional 
therapy with optimizing caloric intake, 
pancreatic enzyme replacement, and 
fat-soluble vitamin supplementation. 
For patients with severe portal hyper-
tension, a surgical portosystemic 
shunt may be used to reduce the risk 
of life-threatening variceal bleeding. 
As with other decompensated liver dis-
eases, the only curative treatment for 
advanced CFLD is liver transplant.

Our patient has remained asymp-
tomatic despite evidence of more 
advanced liver disease. 

CONCLUSION
Hepatobiliary complications have 

become increasingly relevant in CF as 

treatments and patient life expectancy 
continue to improve. Hepatic US and 
MRI remain the least-invasive meth-
ods of CFLD screening. However, 
CFLD remains difficult to diagnose, 
as clinical signs often manifest well 
after liver disease has advanced. As 
this disease arises largely in the pedi-
atric population, the need remains for 
improved screening measures. Med-
ical management is currently limited 
to proper nutrition, fat-soluble vitamin 
supplementation, and UDCA, although 
there is little evidence for its efficacy.
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CASE SUMMARY
A 70-year-old with a history of 

atrial fibrillation and prostate cancer, 
and thalassemia had a third ventricular 
mass incidentally detected on a brain 
MRI. 

IMAGING FINDINGS
A contrast-enhanced T1 image 

showed an enhancing mass located 
in the anterior third ventricle near 
the foramen of Monro (Figure 1). 
Endoscopic biopsy of the mass 
demonstrated histologic findings con-
sistent with hemangiopericytoma. CT 
5 months later demonstrated that the 
mass had grown (Figure 2).

DIAGNOSIS
Hemangiopericytoma of the third 

ventricle 

DISCUSSION 
Hemangiopericytoma (HPC) is 

a central nervous system tumor that 
arises from the pericytes of meningeal 
capillaries.1 These tumors are more 
likely to occur in males, most com-

monly in the fourth or fifth decade.1 
Signs and symptoms at presentation 
may include headache, blurred vision, 
nausea, vomiting, and photophobia.4 
Intraventricular HPC is rare and most 
often found in the lateral ventricles. 
HPC in the third ventricle are exceed-
ingly rare, with only one previous case 
found in our literature search.2 

Intraventricular HPC may arise 
from pericytes within the tela cho-
roidea or choroid plexus.3 There 
are many pathological and imag-
ing similarities between HPC and 
angioblastic/anaplastic meningioma. 
Histologically, HPC shows a staghorn 
vascular pattern of spindly cells and 
are reactive to vimentin, but not to 
epithelial membrane antigen, unlike 
meningioma, which is positive for 
both substances.5 One of the most 
characteristic features of HPC is a 
dense reticulin network composed of 
individual cells.4 

On imaging, intracranial HPC tends 
to occur supratentorially along menin-
geal surfaces, with most occurring in 
parasagittally. They are usually oval, 

have lobulated margins, are dense on 
CT, and have avid contrast enhance-
ment on CT and MRI.5 They may show 
vascular flow voids, as in our case, and 
cystic areas. Peripheral HPC lacks the 
“dural tail” sign typical of meningi-
oma.5,6 Differential diagnostic con-
siderations for intraventricular masses 
include include colloid cyst, central 
neurocytoma, ependymoma, subep-
endymal giant cell astrocytoma and 
intraventricular meningioma.

Although third ventricular HPC 
is extremely rare, their consideration 
can be important. Their noncontrast 
appearance and location can mimic 
those of a colloid cyst.7 Colloid cyst, 
however, is a non-neoplastic lesion. 
Biopsy of an HPC may be more likely 
to hemorrhage than other third ventric-
ular lesions, given its hypervascular-
ity.5 In our case, the patient developed 
postoperative intraventricular and 
subarachnoid hemorrhage (Figure 2). 
HPC also has a propensity to recur 
and metastasize through the CNS and 
beyond. Therefore, gross total surgical 
resection is the goal.5 Postoperative 
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adjuvant radiotherapy can lower risk of 
recurrence.7

CONCLUSION
T h i s  c a s e  d e m o n s t r a t e s  a n 

extremely rare intraventricular heman-
giopericytoma of the third ventricle. 
While the imaging features of these 
lesions can be similar to those of other 
intraventricular masses, consideration 
of HPC is important, given their vascu-
larity and risk of hemorrhage, as well 
as their similar noncontrast appearance 
to the colloid cyst.
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FIGURE 1. Contrast-enhanced T1 MRI shows an enhancing mass 
in the third ventricle near the foramen of Monro. 

FIGURE 2. Noncontrast CT 5 months later demonstrates interval 
enlargement growth of the mass. Postoperative subarachnoid hem-
orrhage resulted in hydrocephalus and need for shunt placement.
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CASE SUMMARY 
A 58-year-old with a history of neuro-

fibromatosis type 1 (NF-1) and recurrent 
nephrolithiasis presented to the emer-
gency department with right flank pain. 

IMAGING FINDINGS 
Abdominal radiographs were unre-

markable. Contrast-enhanced CT 
(CECT) of the abdomen revealed a 
right renal subcapsular hematoma and  
multiple masses in the duodenum. The  
largest of these being a 2cm mass in the 
second portion of the duodenum, along 
with numerous subcutaneous soft-tissue 
nodules (Figure 1). 

The same patient presented 3.5 years 
later with diffuse abdominal pain. Repeat 
CECT of the abdomen revealed pancre-
aticobiliary obstruction along with find-
ings suggestive of gallbladder hydrops 
secondary to a 2cm duodenal mass and 
an obstructing left nephrolith (Figure 2). 
Surgery revealed a neuroendocrine neo-
plasm of the ampulla of Vater and five 
tumors in the duodenum and proximal 
jejunum, the largest measuring 3.7cm. 

DIAGNOSIS
Gastrointestinal stromal tumors 

(GISTs) of the duodenum and proximal 
jejunum with an ampullary neuroendo-
crine tumor (NET).

DISCUSSION
The coexistence of a periampullary/

ampullary NETs and multifocal GIST 
is nearly pathognomonic of NF-1.1 
Although intra-abdominal tumors are 
common in the setting of NF-1, the 
concurrence of these two entities is 
rare. A majority of NETs in NF-1 are 
nonfunctional, even in cases of histo-
logically confirmed somatostatinomas, 
the most common being periampul-
lary/ampullary NET.2

In most cases, NETs and GISTs 
are asymptomatic and found inciden-
tally on imaging. Uncommonly, they 
present with abdominal pain, upper GI 
bleed, palpable abdominal mass, bowel 
obstruction, perforation and/or biliary 
obstruction.3,4 Extremely rare cases of 
ampullary insulinoma, gastrinoma, gan-
gliocytic paragangliomas, and adeno-
carcinomas associated with multifocal 
GISTs have been reported.2 Peripheral 
nerve sheath tumors commonly occur 
in NF-1, and 1-3% of patients develop 
pheochromocytomas.3 

These cases must be differentiated 
from other hereditary and nonheredi-
tary tumor syndromes, such as multi-
ple endocrine neoplasias, Carny triad, 
and Carney-Stratakis syndrome, all 
of which have a propensity to coexist 
with GIST. In this case, the ampul-

lary tumor was well differentiated and 
stained positive for synaptophysin and 
chromogranin confirming the diagno-
sis of a NET (Figures 3,4). The five 
additional tumors had spindle cell 
histology and were positive for c-kit 
immunohistochemistry, confirming 
the diagnosis of multifocal GIST. 

GISTs are the most common gas-
trointestinal manifestation of NF-1, 
with one third of patients found to have 
GISTs at autopsy.5 While cutaneous 
manifestations of NF-1 are generally 
reported earlier, GISTs present with 
a mean age of 53 years, 8 years earlier 
than the average presentation of spo-
radic GIST. In addition, compared to 
sporadic GIST associated with NF-1 
are more commonly occur in the small 
bowel rather than the stomach, and have 
a smaller mean diameter, 3.8 cm vs. 
7.4 cm.4 Radiographically, the appear-
ance of GIST varies based on size and 
location. Nonetheless, they appear as 
homogeneous soft-tissue masses with 
or without signs of central necrosis. 

CONCLUSION
This case illustrates the impor-

tance of radiographically recognizing 
the intra-abdominal manifestations of 
NF-1. Particularly, NF-1 predisposes 
to ampullary/periampullary neoplasia 
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FIGURE 1. Axial (A) and coronal (B) contrast-enhanced CT of the abdomen demonstrates periampullary diodenal mass (green arrow) and 
multiple subcutaneous nodules overlying the anterior abdominal wall (white arrow).

FIGURE 2. Axial (A) and sagittal (B) contrast-enhanced CT of the abdomen demonstrates obstructing periampullary duodenal mass (red 
arrow) with gallbladder hydrops (blue arrow).

FIGURE 3. H&E stains at 400x (A), CD117 immunostain (B) and gross specimen (C) of spindle cell type of gastrointestinal stromal tumor in 
the duodenum and proximal jejunum.
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and small-bowel GIST formation. In the 
undiagnosed patient, the coexistence of 
these two entities is highly suggestive of 
NF-1. Over time, periampullary tumors 
can lead to complications such as pan-
creaticobiliary obstruction, as this case. 
GI tumors in patients with NF-1 often 
present earlier than sporadic tumors and 
imaging studies should be evaluated 
with this in mind. 
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FIGURE 4. H&E stains at 400x (A), synaptophysin immunostain (B) at 100x, and gross specimen of well-differentiated grade I neuroendo-
crine neoplasm of the ampulla of Vater (C).

A B C



52       n        APPLIED RADIOLOGY
©

                                       www.appliedradiology.com September–October  2020

R A D I O L O G I C A L  C A S E

CASE SUMMARY 
A 64-year-old presented with a 3-year 

history of progressive back pain, lower 
limb weakness, and unstable gait. They 
experienced no bowel or bladder dif-
ficulty and denied any history of prior 
trauma, spinal surgery, or spinal inflam-
mation. Physical examination revealed 
lower limb weakness with spasticity.  

IMAGING FINDINGS
Magnetic resonance imaging (MRI) 

demonstrated a focal dorsal indenta-
tion of the thoracic spinal cord at the 
T6 level, with associated compression 
and deformity of the cord, which was 
displaced anteriorly (Figure 1).  Exten-
sive spinal cord signal abnormality was 
present below the level of the inden-
tation, extending to the T8 level.  No 
abnormal contrast enhancement was 
present (Figure 2).  CT myelography 
showed the “upside down scalpel sign,” 
with the characteristic focal indentation 
of the dorsal thoracic spinal cord, wid-
ening of the dorsal cerebrospinal fluid 

(CSF) space, and spinal cord expansion 
below the level of the dorsal indenta-
tion. No filling defects were demon-
strated on the myelogram to indicate the 
alternative diagnoses of arachnoid cyst 
or ventral cord herniation. Myelography 
through the level of the dorsal indenta-
tion demonstrated a remaining thin CSF 
space between the anterior cord and the 
ventral thecal sac.  

DIAGNOSIS
Dorsal thoracic arachnoid web with 

spinal cord compression. Differential 
diagnosis includes ventral spinal cord 
herniation and dorsal arachnoid cyst.

DISCUSSION
Spinal arachnoid webs represent 

intradural, extramedullary bands of 
arachnoid tissue that extend to the 
pial surface of the spinal cord. They 
are an uncommon entity that typically 
occurs in the upper thoracic spine, 
producing a focal indentation on the 
dorsal spinal cord.1

There is lack of consensus on the ter-
minology describing arachnoid webs, 
and their differentiation from other 
forms of arachnopathies, such as arach-
noid adhesions, arachnoid scarring, 
and arachnoiditis. 1 Arachnoid webs 
have been known to develop after focal 
inflammation or trauma in the spine. 1 
However, there have also been reports 
of non-traumatic arachnoid webs of 
unknown etiology, leading to consid-
eration of congenital arachnoid webs, 
associated with a thickened ligamen-
tum flavum. 2 It has been proposed that 
arachnoid webs arise from the process 
of formation or collapse of arachnoid 
cysts. 1,3 Arachnoid webs can disrupt the 
normal craniocaudal flow of CSF, lead-
ing to focal compression of the spinal 
cord and/or syringomyelia. 4,5 

Owing to their thin structure, 
spinal arachnoid webs are not read-
ily visualized on routine imaging. 6 

Instead, they produce a characteristic 
dorsal indentation of the cord on MRI 
and CT myelography, described as the 
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“scalpel sign,” with the “blade” point-
ing posteriorly. 4,7 

Anterior displacement of the spi-
nal cord, an abrupt change in spinal 
cord caliber, or evidence of adjacent 
syringomyelia are other important 
secondary imaging signs. 4 The topo-
logical relationship of the arachnoid 

web to the syrinx is variable. Klekamp 
reported a rostrally located syrinx in 
47% of cases, caudally located syrinx 
in 24% of cases, and bilocalized syrinx 
in 29% of cases.8

MRI CSF flow studies have also 
been advantageous in providing an 
early diagnosis of arachnoid webs by 

demonstrating disrupted CSF flow 
dynamics.2,9 Arachnoid webs can be 
accurately localized by assessing the 
site of CSF flow blockage.2 

Spinal arachnoid webs can be defin-
itively diagnosed with intraopera-
tive ultrasound, where they resemble  
membrane-like structures in the dorsal 

FIGURE 2. Sagittal (A) and axial (B) CT myelogram images show the “upside down scal-
pel sign,” with characteristic focal indentation of the dorsal thoracic spinal cord, (white 
arrow) and widening of the dorsal cerebrospinal fluid space. No filling defects are present 
to suggest an alternative diagnosis of arachnoid cyst or ventral cord herniation.  A thin 
anterior CSF column remains (black arrow). 

FIGURE 1. Sagittal T1 (A) and sagittal T2 
(B) show a focal dorsal indentation of the 
thoracic spinal cord at the T6 level, with 
associated compression and deformity of 
the spinal cord (white arrows).  Extensive 
abnormal spinal cord signal was present 
below the level of the indentation extend-
ing to the T8 level (dashed white arrow).
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subarachnoid space, moving in sync 
with the cardiac cycle.1,2 

Surgical opening of the dura allows 
direct visualization of the arachnoid 
webs and provides an opportunity 
to restore the normal CSF pathway. 
Options for management of a symptom-
atic arachnoid web include marsupial-
ization, fenestration, or laminectomy 
with exploration of the intradural space 
and subsequent resection of the arach-
noid web.1,10,11 Postoperative MRI 
CSF flow study should demonstrate 
improved flow dynamics. 

Failure to consider arachnoid web as 
a diagnosis preoperatively increases the 
risk of future myelopathy, and diagno-
sis prior to development of spinal cord 
signal abnormality and syringomyelia 
reduces morbidity. 6,9 

Differential diagnoses are ventral spi-
nal cord herniation and dorsal arachnoid 
cyst. In ventral spinal cord herniation, 
there is deformity of the ventral surface 
of the spinal cord as it protrudes through 
a ventral dural defect, and no space 
between the spinal cord and ventral the-
cal sac. Arachnoid cysts can be identified, 
particularly on thin-section volumetric 
MR by their marginated walls, and they 
produce a relatively smooth scalloping 

on the spinal cord surface.1,12 An intra-
spinal filling defect with delayed filling 
of the arachnoid cyst are also present on 
myelography. In our case, the patient 
underwent surgical decompression with 
symptomatic improvement.

CONCLUSION
Spinal arachnoid webs demonstrate 

relatively typical imaging features, 
with characteristic focal indentation of 
the dorsal spinal cord and widening of 
the dorsal CSF space on MR and CT 
myelography.  Their association with 
syringomyelia and spinal cord compres-
sion can result in significant patient mor-
bidity, and identification of the described 
imaging features facilitates early diagno-
sis and prompt surgical treatment to pre-
vent progressive myelopathy.
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“Opportunity 

is often difficult 

to recognize; 

we expect it to 

beckon us with 

beepers and  

billboards.”

  —William 

Arthur Ward

My first portable electronic signaling device!
Fastened to my belt
you looked sleek and modern
and you had an (initially) soothing buzz.
I felt important
and needed.
Almost no one else 
had one like it
(except drug dealers).
Many a time you summoned me
to the site of a waiting family
or patient
to be asked questions that as a medical student
I had no earthly idea how to answer.

In residency, you were even cooler.
A digital display
and a clock.
But, you woke me up all the time.
“Check this lateral c-spine.”
I wasn’t very nice to you, often.
Can I ever forgive myself
for slamming you into the wall?  
At least the page operator was forgiving.

You followed me for years.
We grew up together, you and I.
Giving me numbers to call
and people’s names to ponder over
before finally calling.
A constant companion
(usually unwanted) 
but you’re gone.
Replaced.
I sign out to my cell.
And now, I’m starting to hate it, too.

Mahalo.
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CASE SUMMARY
A 29-year-old presented two months 

postpartum with persistent low back 
pain and coccydynia. Obstetrical his-
tory revealed a normal spontaneous 
vaginal delivery. After delivery, she 
reported significant pain in her tailbone. 
Initially the pain abated with non-ste-
roidal anti-inflammatory therapy; how-
ever, the coccydynia worsened over the 
next month with increased difficulty 
sitting to the point where breastfeeding 
was possible only in a standing posi-
tion. Because of the persistent pain, 
the patient was referred for orthopedic 
consultation. Initial imaging workup 
included radiography and MRI.

IMAGING FINDINGS
Pelvic radiographs were unre-

vealing, with no osseous or articular 
abnormalities. Subsequent pelvis MRI 
revealed intact muscles, ligaments, 
and tendons. The coccyx and sacroil-
iac joints appeared normal. In the left 
inferior sacrum, a 1.7 cm well-circum-
scribed lesion was hyperintense on T1 
and T2 (Figure 1). The lesion had a 
narrow zone of transition and demon-
strated signal dropout on fat-sup-
pressed sequences (Figure 2). It had 
no associated aggressive features such 
as surrounding edema or soft tissue 
invasion.

DIAGNOSIS
Intraosseous lipoma of the sacrum

DISCUSSION
Intraosseous lipomas are rare, 

accounting for 0.1% to 2.5% of pri-
mary bone tumors.1 No age or sex 
predilection has been reported. These 
tumors are often asymptomatic and 
generally are discovered inciden-
tally. Symptomatic intraosseous lipo-
mas typically present with pain, local 
swelling, or tenderness.1,2 The metaph-
ysis of long bones and the calcaneus 
are the most common locations. Pel-
vic involvement is uncommon; only 
4 cases of sacral lipoma have been 
reported in the literature to the best of 
our knowledge.3,4,5,6

Lipomas are benign with little 
potential for malignant transformation; 
familiarity with the imaging character-
istics avoids unnecessary work-up and 
potential biopsy. Intraosseous lipomas 
that do not affect bone stability may 
be treated conservatively and require 
no follow-up.3 Cases with imminent 
fractures are treated with curettage and 
bone grafting.7

As in our case, radiographs are 
often falsely negative. If visible on 
radiographs, intraosseous lipomas are 
usually well-defined, lucent lesions 
without aggressive features.2,8 On CT 

they typically appear as well-defined 
lytic lesions with a thin, sclerotic rim 
and with Hounsfield units of fat den-
sity.3,8  Intraosseous lipomas are hyper-
intense on T1 and T2 MR sequences.2,9  
Fat-suppressed images demonstrate 
signal dropout; the lesions are iso-
intense to adipose tissue.9  

Milgram1,7,8,9 outlined a 3-stage 
classification for intraosseous lipomas 
combining both histological and radio-
logic features: 1) Uniformly adipose 
tumors of viable fat cells; 2) A mixture 
of viable fat cells, fat necrosis, and cal-
cifications; and 3) Necrotic fat, cystic 
formation, and reactive woven bone.

In this case, the MR images demon-
strated uniformity of fat-signal inten-
sity throughout the lesion, consistent 
with a Stage 1 lipoma. After reviewing 
the patient’s symptoms and consult-
ing with the orthopedic surgeon, we 
believed the lesion to be incidental 
with no further imaging or histopatho-
logic correlation required. The patient 
returned in 1 month and reported an 
improvement of symptoms with con-
servative management as well as a 
return to normal daily activities.

CONCLUSION
Our case illustrates several points. 

First, the discovery of incidental find-
ings, including benign bone tumors, 

Intraosseous Lipoma of the Sacrum

Scott P Patterson, MD; Dina Patterson, MD; Shaka M Walker, MD
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has markedly increased with increased 
utilization of cross-sectional imaging. 
Second, while rare, intraosseous lipo-
mas are an important consideration in 
the differential diagnosis of osseous 
lesions, particularly when asymptom-
atic and incidentally discovered. Third, 
familiarity with the imaging charac-
teristics of these “don’t touch” lesions 

helps avoid unnecessary imaging 
workup and biopsy.10
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FIGURE 2. Axial T2 fat-suppressed images. The lesion demonstrates uniform signal drop-
out, confirming the lesion is composed of fat, consistent with an intraosseous lipoma.

FIGURE 1. (A) coronal T1, and (B) coronal T2 images demonstrate a 1.7cm well-defined lesion in the left sacrum, hyperintense on T1 and 
T2 images. 
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