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Evidence-Based Imaging 
of the Acute Abdomen:  
Where Is the Evidence?

Ania Z. Kielar, Cynthia B. Walsh, 
and Matthew D. F. McInnes

Abstract

Emergency radiology is still considered an 
emerging subspecialty compared to more 
established areas such as neuroradiology and 
abdominal-pelvic imaging. Although this sug-
gests that less time has passed to allow dedi-
cated research in imaging associated with 
emergency medicine, it also implies that there 
are opportunities for study in this field in the 
future.

In this introductory chapter, we emphasize 
the importance of evidence-based medicine 

in radiology and then specifically in the set-
ting of an acute abdomen. Tools available for 
designing and reporting research are intro-
duced: This includes QUADAS-2 (Quality 
Assessment of Diagnostic Accuracy Studies), 
STARD (Standards for Reporting of Diagnostic 
Accuracy), and PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses) [1, 2]. We also expand on commonly 
accessed information currently used to help 
guide radiologists in diagnosis and decision 
making with regard to acute abdominal and pel-
vic conditions.

Perceived barriers to research in emergency 
radiology are reviewed. Tips and specific tools 
to implement when designing an emergency 
radiology research study are provided; this 
information may also be useful when critically 
appraising published literature. Finally, an 
overview of emerging research opportunities 
and innovative areas in emergency radiology 
research is introduced, with focus on acute 
abdominal conditions, all of which will be 
covered in more detail in subsequent chapters 
of this textbook.
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Abbreviations

ACR	 American College of Radiology
ALARA	 As low as reasonably achievable
CT	 Computed tomography
ED	 Emergency department
EPs	 Emergency physicians
LLQ	 Left lower quadrant
LUQ	 Left upper quadrant
MRI	 Magnetic resonance imaging
NPV	 Negative predictive value
PICO	 Patient, intervention, comparison, 

outcome
PPV	 Positive predictive value
PRISMA	 Preferred reporting items for sys-

tematic reviews and meta-analyses
QUADAS 2	 Quality assessment of diagnostic 

accuracy studies
RLQ	 Right lower quadrant
RUQ	 Right upper quadrant
SAR	 Specific absorption rate
STARD	 Standards for reporting of diag-

nostic accuracy
US	 Ultrasound

1.1	 �Background: Goals 
of Imaging Patients in the ED 
with Abdominal and Pelvic 
Symptoms

Imaging of patients presenting to the emergency 
department with abdominal symptoms has key 
goals of providing safe, accurate, and timely 
diagnoses of clinically significant abdomi-
nal and pelvic disorders. Patients with acute 
abdominal symptoms can have a wide range 
of underlying etiologies, including acute on 
chronic conditions. With an aging population, 
concomitant comorbidities may affect the emer-
gency physician’s ability to make a confident 
diagnosis based on physical examination alone. 
Increasing rates of obesity in North America 
and elsewhere also affect the accuracy of physi-
cal examination and lead to greater reliance on 
imaging. However, obesity can also negatively 
affect the quality of imaging, and may modify 

the type or modality of imaging chosen for eval-
uation by the radiologist [3].

Although establishing a final diagnosis is of 
primary concern in an emergent setting, the con-
cept of ALARA (as low as reasonably achiev-
able) principle should still be followed when 
considering imaging of patients presenting to the 
ED, especially those patients under 30 years of 
age. Radiology-initiated campaigns of “Image 
Wisely” in adults and “Image Gently” in chil-
dren have a substantial role in emergency radiol-
ogy, although imaging algorithms for assessing 
this patient population vary depending on the 
acuity of symptoms and patients’ underlying 
level of hemodynamic stability [4, 5]. Given 
these principles, imaging algorithms for assess-
ing abdomino-pelvic symptoms, and especially 
in pregnant patients and young patients, should 
begin with ultrasound, when appropriate, given 
that this modality is relatively ubiquitous in 
terms of access, is less expensive, and gener-
ally has adequate sensitivity and specificity for 
the diagnosis of many common acute abdominal 
and pelvic conditions [6]. However, in equivocal 
situations, in patients where ultrasound is not the 
imaging modality of choice (e.g., ischemic bowel 
evaluation), or when symptoms are discordant, 
MRI or CT is important for establishing a clear 
diagnosis.

Although there are many diagnostic tools and 
references available for emergency radiologists 
(these will be covered in subsequent chapters of 
this book), there are still many research questions 
waiting to be answered.

1.2	 �Perceived Barriers 
to Research 
in the Emergency 
Department

Patients present to the emergency department 
(ED) with a wide range of symptoms, signs, 
and underlying medical conditions. The level of 
acuity in this patient population varies: In many 
patients, urgent or emergent imaging is required, 
often reducing or eliminating the time needed 
for obtaining consent. Some patients may not be 
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able to give consent due to reduced level of con-
sciousness. For example, poly-trauma patients 
may be unconscious or hemodynamically unsta-
ble, and therefore unable to provide consent. 
This critical factor can be a barrier when design-
ing research protocols, particularly for prospec-
tive studies.

Emergency departments operate 24  h a day, 
365 days a year, and patients with abdominal and 
pelvic symptoms present at all hours. This can be 
a challenge to conducting prospective research, 
as members of the research team, including 
nurses and specific physicians, who are required 
to explain the prospective research protocols to 
potential study candidates, may not be present in 
the ED at the time consent needs to be obtained 
to enter a study.

Another potential barrier to research in emer-
gency radiology is that patients who pass through 
the ED are usually not followed long term in the 
ED as compared to family practices or with other 
specialist physicians. The relationship between 
an emergency physician (EP) and patient is usu-
ally not as established as with other physicians. 
As a result, obtaining adequate follow-up of these 
patients can be difficult at times. This is particu-
larly relevant for diagnostic accuracy research 
regarding determination of false-negative inter-
pretations which often require rigorous clinical 
follow-up [7].

Radiologists working in the ED may either be 
subspecialized or work part-time in other fields 
and “pinch hit” in the ED. Those who work part-
time in the ED often have other areas of sub-
specialization to which they may dedicate the 
majority of their research efforts. Even radiolo-
gists who are dedicated in the field of emergency 
radiology may find it challenging to perform 
certain types of research due to the nature of 
shift work associated with emergency radiology, 
coupled with the pressures of turnaround time for 
their final reports.

However, as we demonstrate later in this 
chapter, there are opportunities for research in 
the field of abdominal and pelvic emergency 
radiology which can help build upon already 
existing data in this growing field of imaging and 
intervention.

1.3	 �Evidence Currently Available 
in Emergency Abdominal 
Radiology

Peer-reviewed articles can be identified on 
numerous topics through Internet searches 
including Google Scholar, as well as Pubmed 
and many others [8, 9]. Previously published 
research used as supporting evidence in emer-
gency radiology has often dealt with diagnostic 
accuracy of various imaging modalities to make 
a particular diagnosis. In some manuscripts the 
data included non-emergent patients, which can 
lead to various biases. However, more recently, 
“emergency-centered” or “emergency-specific” 
data is being published in various journals, 
and more recently journals specific to the field 
of emergency radiology have been established 
[10]. These publications include various types 
of research, including systematic reviews and 
single-center versus multicenter prospective 
studies, as well as retrospective studies, in addi-
tion to some topics which may include review 
articles and opinion pieces. Becoming familiar 
with bias in imaging research when critically 
appraising published articles is important. Many 
research efforts in emergency radiology are 
directed at optimizing patient outcomes, creat-
ing standardized imaging pathways, improving 
communication between radiologists and other 
physicians, as well as increasing efficiency of 
imaging in this patient population [10, 11].

Several resources are available to assist in 
assessing the completeness of research reporting 
and risk of bias; the tool used will depend on the 
study design. A large portion of imaging research 
is diagnostic accuracy. For this type of work, 
STARD 2015 can be used to assess completeness 
of reporting, while QUADAS-2 can be used to 
assess risk of bias [2, 12]. This will be described 
in more detail in the next section of this chapter.

Other forms of information and reference sup-
port can be accessed on the Internet. For exam-
ple, the American College of Radiology (ACR) 
publishes Appropriateness Criteria related to 
numerous topics pertinent to the field of radi-
ology which are accessible to everyone free of 
charge. They have organized, transparent, and 
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reproducible methods to create their final topic 
development and recommendations [13]. This 
process utilizes structured iterative meetings of 
experts in the field who participate in the process 
of critically appraising available data and synthe-
sizing this to develop guidelines, using the high-
est quality and up-to-date published data.

Within the ACR appropriateness criteria, not 
only is the level of supporting evidence described 
in the body of the text, but also the overall 
assigned level of appropriateness (from 0 to 9, 9 
being the highest) as well as the radiation expo-
sure related to the imaging modality and asso-
ciated costs are included in tabular form at the 
top, for a quick overview on each topic. There 
has been a substantial expansion of the number of 
topics covered in these criteria in the past decade. 
They cover acute and chronic conditions, allow-
ing a fairly robust source of support for emer-
gency radiology [14]. For example, this website 
could be accessed to determine the best imaging 
for a patient presenting to the ED with abdomi-
nal pain and elevated lipase. Often requests for 
CT may be received from the ED physicians for 
assessment of a patient presenting with suspected 
pancreatitis. However, upon review of the ACR 
Appropriateness Criteria, unless the patient is 
critically ill, or if a different diagnosis is being 
entertained (such as ischemic bowel, in addition 
to pancreatitis), ultrasound is the most appropri-
ate initial examination for imaging the biliary 
tract to assess for gallstones, cholelithiasis, or 
choledocholithiasis [15]. This type of evidence-
based information helps to guide the most effec-
tive imaging for various patient scenarios.

Many other organizations, when creating 
guidelines or white papers for their various spe-
cialties, refer to levels of evidence when making 
a specific recommendation (e.g., the American 
Thyroid Association (ATA), the Society of 
Gynecology of Canada (SOGC)) [16, 17]. 
Describing specific levels of evidence helps to 
understand how to weigh different sources of 
information when making health-care-related 
decisions. Typically, higher levels of evidence 
have more rigorous study designs (e.g., system-
atic reviews rather than case reports), as well 
as higher quality and reliability of evidence. 

Creation of guidelines with indications of levels 
of evidence is an area of potential future work 
in the field of emergency abdominal and pelvic 
radiology.

In addition to guidelines and “white papers,” 
various decision-support tools are also being 
developed through different venues, to help radi-
ologists, clinicians, and surgeons to choose the 
most appropriate imaging for their patients. Some 
of these are available online, while others are 
being integrated into computer physician order-
entry programs [18]. Some early publications 
have shown reduction in overall imaging utili-
zation such as for pulmonary embolism CT, and 
radiographs of the ankles, when decision-sup-
port tools are available for physicians to follow, 
compared to control groups where these support 
systems were not available [3]. For example, in 
the study by Murthy et al., implementation of a 
clinical decision-support tool led to almost dou-
bling of positive CT scan for assessing suspected 
pulmonary emboli [19]. The authors found a sub-
stantial reduction in the use of CT for this indica-
tion when the modified Wells’ score was <4. This 
suggests that development of decision trees and 
associated support tools has the potential for sig-
nificant positive impact on patient care. Further 
study is needed to quantify the direct effects of 
these tools on patient care, particularly in emer-
gency abdominal and pelvic imaging [19, 20].

1.4	 �Growth of Evidence-Based 
Medicine and Tools 
Available

The number of publications in scientific journals 
has continued to grow at an increasing pace in the 
past several decades [21]. However, it has been 
documented that not all published studies are 
reproducible or adhere to accepted research stan-
dards [22]. There are many factors which have 
been proposed for this, including ones which 
pique the public’s interest, such as the lack of 
research ethics approval, conflicts of interest on 
the part of drug companies, and even fabrication 
of results. However, a more common aspect of 
the problem facing legitimate researchers is that 
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for a long time, no specific standards were avail-
able [23, 24]. As a result, key information was 
often poorly reported, thus diminishing potential 
usefulness of a research project.

As a goal of improving quality of medi-
cal publications, the concept of evidence-based 
medicine was pioneered at McMaster University 
in Canada and Oxford University in the UK in 
the mid-1990s and also applied to evidence-
based imaging studies [24]. This concept incor-
porates research evidence, along with clinical 
expertise as well as patient values. The process of 
evidence-based medicine (and imaging) is based 
on five steps:

	1.	 Ask a clinically relevant and answerable 
question

	2.	 Search relevant medical literature and identify 
publications relevant to the topic

	3.	 Critically appraise this literature
	4.	 Summarize the evidence
	5.	 Apply this evidence to clinical and imaging 

practices [25]

However, even with these steps in place, the 
various methods employed to answer a particu-
lar question have often been difficult to confi-
dently determine. Also, the type of information 
to include in the methods sections and results 
is not always clear. It is very important that all 
published research, including research in the 
realm of emergency radiology, be reported fully, 
and transparently to allow readers to assess the 
strengths and weaknesses of the investigation. 
Given these various barriers that have existed 
for a long time, efforts have recently been made 
to address some of the concerns: specifically, 
various standards have now been developed and 
enhanced over time. Two such examples, which 
are particularly pertinent to imaging research, are 
STARD and PRISMA [26–28].

Many journals with high-impact factors, 
including Radiology and the Journal of Magnetic 
Imaging Resonance, now strongly encourage 
and in some cases even require authors to fill 
out checklists according to standardized tools, 
including STARD and PRISMA, before sub-
mitting a manuscript for review [26, 29, 30]. 

Reviewers use these templates to ensure com-
pleteness of the reporting such that all important 
factors that might contribute to bias be evident. It 
is therefore essential for radiologists to be famil-
iar with these systems.

The STARD (Standards for Reporting of 
Diagnostic Accuracy) statement was initially 
developed to improve the quality of reporting 
diagnostic accuracy results, such as are often 
being evaluated in radiology publications. This 
tool consists of a checklist of 30 items, and a flow 
diagram which authors can use to ensure that 
all relevant information is present [26]. These 
items consist of essential elements of diagnostic 
accuracy research (e.g., index test, in sufficient 
detail to allow replication; whether reader of the 
index test was blinded to the reference standard) 
which allow for assessment of risk of bias and 
applicability.

PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) was 
developed as a tool for authors who are report-
ing systematic reviews and meta-analyses [28]. A 
systematic review attempts to collate all empiri-
cal evidence that fits prespecified eligibility cri-
teria to answer a specific research question. This 
type of work should use explicit and systematic 
methods with the goal of minimizing bias. A 
properly conducted systematic review should 
provide reliable findings from which conclusions 
can be drawn and decisions made. This type of 
manuscript is considered high level of evidence 
as per the Cochrane Library. This is currently 
considered the preferred way of reporting items 
for systematic reviews and meta-analyses. Like 
STARD, PRIMSA also has a specific check-
list to follow; this one includes 27 items which 
help guide creation and reporting of systematic 
reviews. Since many imaging systematic reviews 
are related to diagnostic accuracy, and these have 
particular methodologic challenges, a forth-
coming extension of PRISMA for test accuracy 
systematic reviews (PRISMA-DTA) may be of 
particular relevance [31–33].

QUADAS-2 (Quality Assessment of Diagnostic 
Accuracy Studies) is another tool that can be used 
to assess the quality of and bias in primary diag-
nostic accuracy studies, if systematic reviews on 
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a topic are not available [2]. This tool comprises 
four domains including patient selection, choos-
ing the index test, choosing a reference standard, 
and optimizing flow and timing. Each domain is 
assessed in terms of risk of bias, and the first three 
domains are also assessed in terms of concerns 
regarding applicability. Signalling questions are 
included to help judge the risk of bias. The main 
signalling questions include the following:

	1.	 Did the manuscript adhere to predefined 
objectives and eligibility criteria?

	2.	 Were the eligibility criteria appropriate for the 
question being evaluated?

	3.	 Were the eligibility criteria clearly described 
and unambiguous as well as appropriate based 
on the question being evaluated [34]?

Keeping this in mind, when reviewing and 
designing a study, these questions should be 
reflected upon to ensure that the risk of bias in 
results is minimized.

The QUADAS-2 tool is applied in four phases: 
summarize the review question, tailor the tool 
and produce review-specific guidance, construct 
a flow diagram for the primary study, and judge 
bias and applicability. The goal of this tool is to 
increase transparent rating of bias, and thereby 
allow better quality assessment of applicability 
of primary diagnostic accuracy studies [2].

For more information on reporting guide-
lines in general, readers are encouraged to visit 
the EQUATOR (Enhancing the QUAlity and 
Transparency Of health Research) group’s web-
site [31].

It is important to note the existence of so-called 
predatory journals. These are publishing busi-
ness models that exploit researchers by charging 
publication fees to authors without providing the 
editorial and publishing services associated with 
legitimate journals [35]. It can sometimes be chal-
lenging to know which journals are in this category, 
both for those submitting manuscripts for poten-
tial publication and for those critically appraising 
literature found online. Of note, there are various 
websites available which publish lists of preda-
tory journals, although these are not always kept 
up to date, and can change over time. One simple 

method to determine if a publication is from a 
non-predatory journal is to check if it indexed on 
Pubmed or Medline. Shamseer et al. published a 
recent article which identified 13 potential ways 
differentiating predatory journals from legitimate 
scientific publications (e.g., spelling mistakes on 
the website, article submission by e-mail) [36].

1.5	 �Setting Up a Research 
Project in Abdominal 
and Pelvic Emergency 
Radiology

Given the relative youth of emergency radiology 
as a specialty, there is a wide range of research 
projects which can be undertaken. This includes 
retrospective reviews, quality assurance and 
quality initiative projects, prospective studies as 
well as systematic reviews, meta-analyses, and 
smaller PICO (patient, intervention, comparison, 
outcome) projects. For radiology, the more per-
tinent construct, rather than PICO, may be diag-
nostic accuracy terminology of patients, index 
test, target condition, reference standard [37]. 
These various types of studies can be undertaken 
in a single center, or to increase sample size (and 
thus precision of estimate) as well as generaliz-
ability can involve multiple centers.

With respect to prospective studies, a way 
to ensure high quality of adherence to research 
standards, including development of primary and 
secondary outcomes, is the registration of pro-
spective clinical trials at the outset of the study 
in the United States [38]. At this time there is a 
requirement, by law, for only certain types of stud-
ies to be registered before they start. Specifically, 
Section 801 of the United States Food and Drug 
Administration Amendments Act requires regis-
tration submission of summary results of clinical 
trials with ClinicalTrials.gov for certain clinical 
trials of drugs (including biological products) 
and medical devices [38]. Observational stud-
ies, such as those often performed in imaging, 
are not required by USA law to be preregistered, 
though it is still strongly encouraged. However, 
the International Committee of Medical Journal 
Editors (ICMJE) now requires trial registration 
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as a condition of the publication of research 
results generated by a clinical trial [38, 39]. 
ClinicalTrials.gov is a registry where organi-
zations and individuals can provide the World 
Health Organization (WHO) Trial Registration 
Data Set required by the ICMJE, though others 
are also considered acceptable including www.
anzctr.org.au, www.ISRCTN.org, www.umin.
ac.jp/ctr/index/htm, www.trialregister.nl, and 
https://eudract.ema.europa.eu [38, 40–43].

There are purported benefits of such a registry, 
even when not mandatory, as outlined below in 
Table 1.1.

1.6	 �Areas of Current and Future 
Potential Research 
in Emergency Radiology

In emergency radiology, there are not only 
established tenets but also developing facets of 
research, all of which can also be areas of focus 
for future research endeavors. Many are intercon-
nected and can be associated with various levels 
of evidence. Several examples, which tie into the 

subsequent topics covered in this book, include 
the following:

	1.	 Research investigating the value of radiology: 
These areas of growing research include 
issues related to increasing throughput (e.g., 
investigations of CT protocols which do not 
need enteric contrast), decreasing costs (e.g., 
risk/benefit ratios of cross-sectional imaging 
of patients in the emergency department), and 
imaging algorithms that reduce the need for 
exploratory surgery or additional future imag-
ing or intervention [44, 45].

	2.	 Standardization of reports and structured 
reporting: This is an area of research growth 
throughout radiology but of particular interest 
to emergency radiology. Current investiga-
tions are looking to determine if structured 
reporting leads to faster turnaround time, if 
reports answer specific questions, and if they 
can reduce the need for additional, unneces-
sary follow-up imaging [46]. More research is 
needed to determine if this is helpful in both 
acute and follow-up scenarios.

Within this broad topic is the specific issue 
of communicating the risks of radiation from 
CT.  This poses a particular challenge in the 
ED.  However, the ED is a location of utmost 
importance to effectively and accurately discuss 
these risks with patients. Up to one-third of CT 
scans performed are ordered from the ED. Some 
data suggest that lifetime malignancy risk from 
CT may be as high as 1%, while other data are 
less clear [47]. Communicating the possible risks 
of radiation from CT to patients is therefore an 
important topic for emergency radiology. This 
poses opportunities, challenges, and avenues of 
work for clinical and research endeavors in emer-
gency radiology.

Some of the barriers to effective communi-
cation of radiation risks in the ED include the 
urgency of cases, lack of a long-term physician–
patient relationship, as well as lack of communi-
cation between emergency physicians (EPs) and 
radiologists. Challenges of communicating the 
potential risks of radiation-induced complications 
are substantial, both between radiologists and 

Table 1.1  Reasons for registering a research project and 
resultant beneficiaries

Role and purpose of registering 
project Beneficiaries

Ethical obligations to participants 
and the research community are 
made public and fulfilled. Allows 
research boards additional 
information when making their 
recommendations about a project

Patients, research 
community, 
research ethics 
boards, the 
public at large

Provide information to potential 
participants and referring 
clinicians, so that a larger patient 
population can be encouraged to 
join a study

Patients, 
clinicians/
researchers

Reduce publication bias Users of the 
medical literature

Clarify the context of the study, 
including results to journal editors 
prior to assigning formal 
reviewers

Journal editors, 
users of the 
medical literature

Promote efficient allocation of 
research funds, and reduce 
accidental repetition of a study 
already under way

Granting 
agencies, 
researchers
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referring EPs, as well as to patients. Robey et al. 
showed that while 74% of EPs felt that radiation 
exposure should be discussed with patients, EPs 
only reported doing so with an average of 24% 
of patients [47]. Both patients and EPs felt that 
easier access to information regarding the risks of 
radiation is required. Data has shown that EPs and 
patients should discuss radiation more often in the 
ED. As physician uncertainty and knowledge are 
often primary barriers, radiologists may help to 
improve communication regarding radiation by 
helping to educate EPs [47]. A structured method 
to communicate these risks may help to amelio-
rate these barriers and could be a valuable tool.

	3.	 Sustainability of radiology in the era of com-
petition with other specialties and potential 
changes arising from artificial intelligence 
(AI) [48]: This includes topics of providing 
24/7 coverage, including effects on patient 
outcomes, turnaround times, and overall costs 
to the health-care system, as well as sustain-
ability within a radiology department, particu-
larly when it is a smaller department.

	4.	 Investigation of new technologies pertinent to 
emergency radiology: There are many areas 
with emerging and exciting new technologies. 
These include use of dual-energy CT, and 
MRI in acute abdominal conditions. MRI is 
being increasingly used in pregnant women 
for assessment of possible appendicitis, as 
well as for a growing list of intra-abdominal, 
gynecologic, and obstetric-related suspected 
diagnoses, especially if initial ultrasound is 
nondiagnostic.

Dual-energy CT (DECT): This topic of 
growing interest includes both prospective and 
retrospective research in the field of dual-energy 
CT [49].

Dual-energy CT is an emerging technique with 
useful applications for pathology in the abdomen 
and pelvis which may present to the ED. Dual-
energy CT acquires images at two different 
energy levels simultaneously, using attenuation 
differences at those energy levels to obtain addi-
tional information. Some applications include 
virtual non-enhanced images, artifact suppres-

sion, and ability to determine composition of 
various materials (such as renal calculi). Several 
applications of DECT in emergency abdominal 
and pelvic radiology will be described in greater 
detail in other chapters of this textbook.

With DECT, the low-kilovoltage images 
increase contrast, resulting in decreased con-
trast usage and decreased radiation. This can 
be particularly useful in CT angiography, for 
the identification of subtle enhancement such as 
endoleaks. In addition, DECT has the benefit of 
reducing metallic artifact, which can be useful in 
imaging of patients with grafts [49, 50].

One of the emerging uses of dual-energy CT 
includes assessment of acute aortic syndrome. 
Some protocols acquire non-enhanced series, in 
order to more easily identify hyperdense intra-
mural hematoma, or intimal calcifications, fol-
lowed by intravenous, contrast-enhanced images. 
The non-enhanced images add additional radia-
tion exposure. The virtual non-enhanced images 
obtained from DECT are diagnostic in approxi-
mately 95% of patients [50, 51]. The same dose 
reduction strategy can be applied to assessment 
for endoleaks in patients with prior endovascu-
lar aortic repair. While the virtual non-enhanced 
images are noisier, the diagnostic accuracy 
appears sufficient to have the potential to reduce 
radiation dose in the ED.

Other uses for this technology include assess-
ment of renal calculi composition and evaluation 
of cystic versus solid renal masses. For example, 
this is particularly useful for calculi composed 
specifically of uric acid, which can be treated 
with urine alkalinization. These will be described 
in more detail in subsequent chapters.

	5.	 Reduced imaging utilization intensity, based 
on campaigns such as “Imaging Wisely” and 
“Image Gently” [4, 5]: As introduced earlier 
in this chapter, this area of growing research 
looks at the strength of evidence to determine 
links between radiation exposure from imag-
ing and future cancer development. For exam-
ple, how can decision-support tools help 
physicians when deciding about the need for 
imaging of patients with acute abdominal and 
pelvic symptoms?

A. Z. Kielar et al.
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Optimization of existing technologies to reduce 
or limit radiation exposure is an area of ongoing 
research in abdominal and pelvic radiology. This 
includes only areas of interest in the images as well 
as the use of lower dose CT protocols. In terms of 
limiting the area of interrogation, this can be con-
sidered in young patients with suspected appendici-
tis, when initial ultrasound is unable to identify the 
appendix: although this topic is still controversial in 
the literature, a CT following a nondiagnostic ultra-
sound can be optimized to reduce radiation dose 
in this patient population by excluding the upper 
aspects of the abdomen which are not of clinical 
interest based on the presentation symptoms [52].

1.6.1	 �Lower Radiation Dose CT 
in Emergency Radiology

Lower dose CT (LDCT) may play an important 
role in the ED, due to the high volume of CT, 
and the young age of some of the patient popu-
lation. One of the greatest barriers to LDCT is 
the lower signal-to-noise ratio, with resulting 
decreased confidence of interpreting radiologists. 
Some areas in which LDCT has shown promise 
include assessment for acute appendicitis. One 
study showed high specificity and positive pre-
dictive value for acute appendicitis [53]. Lower 
radiation dose renal colic CT scans are now being 
used relatively routinely in the ED [54].

Various radiation dose reduction strategies for 
CT imaging will be further elaborated upon in 
subsequent chapters of this book.

Summaries of already accrued evidence, includ-
ing some of the associated strengths and weak-
nesses of current research evidence, will be covered 
in subsequent chapters, based on intra-abdominal 
and pelvic organs of concern. When interpreting 
currently published research however, it is impor-
tant to maintain a critical thought process and evalu-
ate the quality of the evidence provided.

�Conclusion

The most up-to-date evidence related to imag-
ing of acute abdominal and pelvic conditions 
in the emergency setting will be explained in 
subsequent chapters. As outlined in this chap-

ter, there are new and growing areas where 
research in the ED setting has potential to 
grow. Although potential barriers to research 
exist in particular in emergency radiology 
compared to other subspecialties in imaging, 
with the use of organized and meticulous 
methodology to set up a research project, 
these can be completed successfully in ED 
radiology.
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Abstract

Since the inception of CT, its use in the emer-
gency department (ED) has increased rapidly, 
raising concerns about potential risks of radia-
tion exposure to patients, particularly the pedi-
atric population. Therefore, radiologists should 
adhere to the ALARA principle, to ensure that 
imaging examinations are clinically indicated 
and to keep the radiation dose to a minimum. 
A substantial radiation dose reduction in 
abdominal and pelvic CT performed in emer-
gency patients is achievable using the strate-
gies described below while maintaining an 
acceptable level of diagnostic image quality.

Keywords
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2.1	 �Introduction

The introduction of computed tomography (CT) 
has transformed diagnostic radiology. Since 
the inception of CT in the 1970s, its use has 

increased rapidly for all body parts and across all 
ages. CT use has increased by nearly 600% in the 
past decade, including its use in the emergency 
department (ED) setting [1, 2]. It is an increas-
ingly utilized imaging modality for ED patients 
with abdominal and/or pelvic pain, in an esti-
mated 8% of adult and adolescent ED visits [1, 
3]. However, with diagnostic power comes the 
potential risk associated with ionizing radiation 
exposure. Although controversial, models impli-
cate CT-related radiation in up to 2% of cancers in 
the USA, and the estimated lifetime attributable 
cancer mortality from abdominal CT is 1 in 700 
at birth, and 1 in 5000 by age 35 [3]. Therefore, 
radiologists should adhere to the ALARA (“as 
low as reasonably achievable”) principle, which 
is particularly important in the pediatric popula-
tion. The primary components of the ALARA 
principle in CT are to ensure that the examination 
is clinically indicated, and to keep the radiation 
dose as low as possible, without compromising 
diagnostic quality. Examples of organ doses from 
various imaging examinations, including CT, are 
shown in Table 2.1.

In response to concerns about medical radia-
tion, radiologists and manufacturers have imple-
mented many examination protocols, software, 
and hardware modifications to reduce CT radia-
tion dose [4, 5]. The purpose of this chapter is to 
describe the techniques used to manage and min-
imize abdominal and pelvic CT radiation dose in 
clinical practice.
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2.2	 �Strategies

2.2.1	 �Before the Scan

2.2.1.1	 �Clinical Decision Rules
Acute abdominal/pelvic pain can be due to mul-
tiple causes [6], including appendicitis, bowel 
obstruction and/or ischemia, diverticulitis, cho-
lecystitis, renal colic, pancreatitis, and gyneco-
logical disorders. The medical history, physical 
examination findings, and laboratory tests are the 
starting point, and are usually enough to diagnose 
and treat patients with milder signs and symp-
toms. In the remaining patients, they can give 
clues as to the nature and location of the causal 
process; however, they often yield nonspecific 
differential diagnoses which need to be narrowed 
or confirmed with imaging [6]. Such tests should 
ideally provide either substantial positive or 
negative information for therapeutic decisions. A 
positive result establishes a diagnosis, and/or its 
etiology and location, and it allows for staging of 
its severity. A reliable negative result promotes 
an early discharge from the ED, avoiding admis-
sions and unnecessary expenses.

Educating referring providers and patients 
about the appropriate indications for an abdomi-
nal/pelvic CT examination is a critical aspect of 
the ALARA principle. Recent literature calls into 
question the use of CT in a variety of contexts, 
including seizures, chronic headaches, and sus-
pected pulmonary embolism without a moderate-
to-high pretest probability, and particularly 
questioning its use as a primary diagnostic tool 
for the acute abdomen in children [3]. Several 
educational tools are available on the Internet 

that can help guide referring clinicians in order-
ing the most appropriate imaging examinations, 
particularly the American College of Radiology 
(ACR) Appropriateness Criteria [7].

Radiologic consultation and decision sup-
port tools may help clinicians order CT for a 
particular clinical indication, or help recom-
mend alternative imaging examinations includ-
ing ultrasonography (US) or magnetic resonance 
(MR) imaging, which do not use ionizing radia-
tion. Web-based computerized radiology order 
entry systems with real-time decision support for 
referring physicians [8] provide an appropriate-
ness score based on clinical indications when the 
clinician submits a request for a relatively expen-
sive imaging examination (MRI, CT, and nuclear 
cardiology). This has been shown to decrease 
the growth of outpatient CT volume despite an 
increase in outpatient clinical visits [9].

2.2.1.2	 �Patient Transfer and Duplicate 
Studies

Often duplicate imaging examinations are ordered 
at the time of patient transfer from one hospi-
tal to another. At Vancouver General Hospital, 
where the authors of this chapter work, exami-
nations performed at outside hospitals (OHs) are 
imported into a patient’s medical record, which 
usually obviates the need to immediately repeat 
the examination. Software programs, including 
Newton, LifeImage, and Mass, allow outside CT 
examinations to be imported into a patient’s med-
ical record. Sodickson et al. showed that import-
ing image CDs at the time of transfer to a level 
I trauma center led to a 29% reduction in repeat 
CT examinations compared with historical con-
trols [10].

In case of pediatric trauma, CT examinations 
should not be performed at an OH when a patient 
is being transferred for treatment, according 
to the Advanced Trauma Life Support (ATLS) 
recommendations [11–13]. Many pediatric 
patients already have had CT examinations per-
formed at OHs before being transferred to a level 
I pediatric trauma center for specialized care [14, 
15]. These examinations are often repeated at 
level I facilities for reasons including poor image 
quality, inadequate imaging, inability to upload 

Table 2.1  Typical organ radiation doses from various 
imaging examinations

Study type
Relevant 
organ

Relevant organ 
dose (mGy)

PA chest radiograph Lung 0.01

Screening 
mammography

Breast 3

Adult abdominal CT Stomach 10

Neonatal abdominal 
CT

Stomach 20

S. Shah et al.
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the images to the computer system, or change in 
a patient’s clinical condition [16]. Liepert and 
Cochran (2011) found that 61% of transferred 
trauma patients have CTs performed at both an 
OH and then at level I facilities. Forty-eight per-
cent of these were of the same body area [16]. 
Ultimately, repeat imaging is usually associated 
with delays in patient care, increased cost, and 
increased exposure to ionizing radiation [13].

2.2.1.3	 �Use of Other Imaging 
Modalities Based on Location 
of Pain

Diagnostic management of acute abdominal and 
pelvic differs from one country or institution to 
another, with two major trends: early use of CT 
or clinical examination, complemented with radi-
ography and/or US, with CT on request [17, 18]. 
Although the former option seems to improve 
diagnostic accuracy, prospective studies have 
not shown any significant differences compared 
with other measures [18]. Most clinical guide-
lines indicate that the most appropriate imaging 
examination depends on the location of the pain, 
with ultrasound being the primary choice for the 
right upper quadrant and the pelvis, and CT for 
the remaining quadrants. Laméris et al. attained 
maximum sensitivity with minimal radiation 
dose, beginning with abdominal radiography, fol-
lowed by US and CT in patients with uncertain 
diagnoses [17].

The location of pain or tenderness is usually a 
helpful starting point. The American College of 
Radiology (ACR) has developed Appropriateness 
Criteria to aid physicians in ordering the most 
appropriate imaging examinations for specific 
clinical conditions.

Right Upper Quadrant
Acute cholecystitis is the primary diagnostic 
consideration in this patient group. The ACR 
Appropriateness Criteria recommend US as the 
initial imaging examination for patients pre-
senting with right upper quadrant pain [19]. 
Although cholescintigraphy has been shown 
to have slightly higher sensitivity and specific-
ity for diagnosis, US is preferred as the initial 
examination due to greater availability, shorter 

examination time, absence of ionizing radia-
tion, morphologic evaluation, confirmation of the 
presence or absence of gallstones, evaluation of 
the bile ducts, and identification or exclusion of 
alternative diagnoses. CT or MRI may be helpful 
in equivocal patients, and may be used to identify 
complications of acute cholecystitis. In pregnant 
patients, when ultrasound findings are inconclu-
sive, MRI is the preferred next examination [19].

Right Lower Quadrant
Acute appendicitis (AA) is the most common 
cause of acute right lower quadrant (RLQ) pain 
requiring surgery [20]. The ACR Appropriateness 
Criteria recommend CT as the initial imaging 
examination of choice for nonpregnant adult 
patients presenting with RLQ pain [20]. However, 
in children, US is the preferred initial examina-
tion. In pregnant women, US is favored initially, 
with MRI as the next imaging examination when 
US is inconclusive, which is the vast majority of 
such patients [20].

Left Upper Quadrant
CT is currently the primary modality used for 
imaging patients with acute left upper quadrant 
(LUQ) pain [21]. The subperitoneal compart-
ment and peritoneal spaces of the LUQ are vital 
anatomic features in understanding the imag-
ing appearance of acute diseases in this region. 
Disorders of the stomach, spleen, pancreatic 
body and tail, and colonic splenic flexure are 
encountered in patients with acute LUQ pain.

Left Lower Quadrant
Acute sigmoid diverticulitis is the most common 
cause of acute left lower quadrant (LLQ) pain in 
adults. Diverticulitis is often diagnosed clinically 
without imaging, but imaging should be consid-
ered if the diagnosis is unclear or if complications 
(e.g., abscess, fistula, obstruction, or perforation) 
are suspected. The ACR recommends CT as the 
initial imaging examination for the evaluation of 
LLQ pain [22].

2.2.1.4	 �Adult Females
US is the imaging modality of choice for the evalu-
ation of pelvic pain in female patients, especially 
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if gynecological pathology is suspected. MRI 
is being increasingly used as a problem-solving 
tool in pregnancy (Fig.  2.1), and as a follow-up 
examination to reduce patient radiation exposure. 
Occasionally, CT will be performed after equivocal 
US or after US to further evaluate the findings [23].

2.2.1.5	 �Pediatric Population
The recent increase in the use of CT in the 
pediatric population is largely caused by the 
advent of fast helical and then multi-detector 
CT [24], which reduces the need for sedation 
[25]. Pediatric patients represent a relatively 

b c

a

Fig. 2.1  (a) US of the RLQ in a 20-week pregnant 
woman. The appendix was not visualized. Subsequently, 
MRI of the abdomen was performed. (b) Coronal T2 
fat-saturation images show a dilated appendix arising 

from the cecum with adjacent fat stranding (orange 
arrows), representing acute appendicitis. 20-week intra-
uterine gestation is also noted

S. Shah et al.
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small fraction of the overall number of patients 
undergoing CT examinations. The combination 
of higher radiation doses to children for a given 
CT examination, and a much larger lifetime risk 
per unit dose of radiation, could potentially result 
in a significantly higher lifetime cancer mortality 
compared to adults. In the USA, at least 600,000 
abdominal/pelvic and head CT examinations per 
year are performed on children less than 15 years 
old, and of these individuals approximately 500 
may, at least theoretically, eventually die from a 
cancer attributable to the radiation from the CT 
[26]. The dose delivered in most pediatric CT 
examinations could be reduced by decreasing the 
milliampere-seconds (mAs), either manually or 
automatically, and by increasing the pitch [26].

2.2.1.6	 �Role of Conventional 
Radiography (CR)

CR is widely available and has been the initial 
imaging examination of choice for the evaluation 
of patients with abdominal and/or pelvic pain. 
However, recent studies have shown that it has 
limited diagnostic value for assessing abdomi-
nal/pelvic pain, and that the results infrequently 
change patient management [27]. Conventional 
radiography is appropriate for a select group of 
patients. It has been shown to have good accuracy 
for the diagnosis of suspected bowel obstruction, 
perforated viscus, and foreign bodies [28].

2.2.2	 �During the Scan

Once the decision has been made to perform a 
CT examination, there are many available strate-
gies to reduce radiation exposure.

2.2.2.1	 �Eliminate Unnecessary Phases
It is vital to critically examine the significance of 
each phase in a given CT protocol. For instance, 
in patients with undifferentiated abdominal pain, 
many practices have historically performed addi-
tional pyelographic phase scans of the kidneys 
with the rationale that this provides additional 
free information. This additional acquisition usu-
ally adds approximately 30% of the radiation 
dose from full abdomen/pelvis scan, for very low 
incremental clinical yield. Similarly, in protocols 
for suspected mesenteric ischemia, non-contrast 

phase could also be eliminated, thereby eliminat-
ing this additional radiation exposure [4].

2.2.2.2	 �Patient Size
Small patients absorb fewer of the incident 
X-rays than larger patients, so to maintain similar 
image quality lower X-ray tube output is needed 
in smaller patients. The pediatric radiology com-
munity is the forerunner in this concept [29], but 
the general principle also holds for adult patients, 
as well as for imaging various body parts, par-
ticularly the extremities.

2.2.2.3	 �External Shielding
If used, radiation shields must be placed after the 
planning scout views. Otherwise, the placement of 
shields before the scouts causes the scanner to com-
pensate by increasing X-ray output to penetrate the 
additional detected attenuation. Proponents point 
to substantive dose reduction from the use of over-
lying shields, whereas opponents argue that the 
shields introduce noise and artifacts [4].

2.2.2.4	 �CT Parameters

Automatic Tube Current Modulation
Longitudinal (z-axis): Increasing tube current 
or duration of an examination (mAs) results in 
a proportional increase in radiation dose to the 
patient. Tube current modulation allows the tube 
current to be actively modulated during the scan 
along the z-axis, to more efficiently apply radia-
tion to the patient instead of using a fixed tube 
current. The scanner will produce fewer X-ray 
photons in regions of lower attenuation (caudal 
chest), and will modulate higher values of tube 
current in regions of higher attenuation (pelvis). 
Modulating tube current has been reported to 
provide up to 40% dose reduction per examina-
tion [30]. Additionally, it is used for consistency 
of image quality.

Axial (x-y-axis): Axial or in-plane modulation 
adjusts the X-ray tube output as the gantry rotates 
around the patient, typically increasing mAs for 
lateral projections, where there is more tissue to 
penetrate, and decreasing mAs for frontal projec-
tions, where there is less tissue to penetrate [30]. 
Tube output variation can be derived using heu-
ristic estimation methods from a single orthogo-
nal scout view.
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Tube Voltage Modification
Unlike tube current, kV has a nonlinear relation-
ship with radiation exposure. For example, a 14% 
decrease in tube voltage from 140 to 120 kV will 
decrease radiation dose by up to 30–35% [31]. 
Reducing tube voltage from 120 to 100 or 80 kV 
often permits overall reduced exposure tech-
nique, and is advised for small- and average-sized 
patients [31, 32]. However, a single tube voltage 
level is chosen for each CT examination because 
current CT technology does not allow real-time 
modulation during the exam.

Lowering tube voltage can improve image 
contrast for CT angiograms, as well as other high-
contrast structures, including renal and ureteral 
calculi, since lower voltage examinations depict 
the presence of iodine with a greater contrast-to-
noise ratio [33, 34]. However, lowering tube volt-
age increases image noise, which degrades image 
quality. Recently, automated tube voltage-assist 
technology has been introduced by CT manufac-
turers. This software aids tube voltage selection 
based on the patient’s attenuation profile from the 
CT localizer and the user’s chosen examination 
type. Importantly, the reduced tube voltage val-
ues were found to provide diagnostically accept-
able image quality [35].

Reducing z-Axis
When evaluating a specific diagnosis such as acute 
appendicitis (AA), a focused CT which is limited 
to the lower abdomen and pelvis rather than a 
complete abdominal and pelvic CT scan is one 
way to limit radiation exposure. Several studies in 
adults suggest that focused CT examinations have 
similar diagnostic results compared to complete 
CT examinations while substantially reducing the 
overall amount of radiation to which the patient is 
exposed [36]. However, CT targeted to the tender 
region of the abdomen or pelvis may potentially 
have an unacceptably high rate of misdiagnosis 
[37]. Further prospective study is warranted to 
determine the diagnostic utility of partially visu-
alized pathology, and clinical outcomes.

2.2.2.5	 �Low-Radiation-Dose CT
It is possible to tolerate increased levels of image 
noise when assessing intrinsically high-contrast 

structures, including renal and ureteral calculi 
as noted, in which reduced mA can be used. 
Interestingly, studies have also shown suitability 
of low-dose CT for assessment of low-contrast 
disorders, including suspected diverticulitis and 
AA [38–42]. However, CT is often acquired to 
assess or exclude many other differential diagno-
ses in clinical practice. In addition, these exami-
nations had severely compromised image quality 
compared to standard-dose CT and did not evalu-
ate diagnostic performance.

Subsequently, Othman et al. showed acquisi-
tion of high-quality CT images at low radiation 
doses with comparable diagnostic performance 
to standard-dose CT images using a combination 
of 100 kVp imaging, intermediate tube current 
levels, and model-based iterative reconstruc-
tion in the general setting of acute abdominal 
pain, regardless of the suspected clinical diag-
nosis [43]. However, prospective evaluations are 
needed utilizing low-dose CT in routine clinical 
practice.

2.2.3	 �After the Scan

2.2.3.1	 �Image Reconstruction 
Algorithms

Different mathematical algorithms are used to 
reconstruct images from the raw CT data. Unlike 
adjusting CT parameters, including kVp and 
mAs, reconstruction algorithms do not directly 
affect radiation dose, but rather help reduce 
noise, which consequently allows implementa-
tion of lower dose.

The first commercial CT scanners used filtered 
back projection (FBP) techniques because of its 
faster reconstruction and ease of implementation 
[44]. However, FBP does not permit reduction 
of radiation dose while trying to improve image 
resolution. To address some of these concerns, 
scanner manufacturers have introduced newer 
image reconstruction algorithms—namely, itera-
tive reconstruction techniques.

Iterative Reconstruction
Iterative reconstruction techniques iterate the 
image reconstruction several times to better esti-

S. Shah et al.



17

mate mathematic assumptions, therefore requiring 
longer computational time and robust comput-
ers. The common endpoint of all current itera-
tive reconstruction algorithms is to produce lower 
image noise and higher resolution by maintaining 
edges and lower artifacts [44]. This enables use 
of reduced-dose CT.  Studies have shown lower 
image noise for abdominal CT at radiation doses 
lower than FBP [45–47]. Singh et al. showed lower 
image noise and improved diagnostic confidence 
for abdominal CT at 8 mGy with adaptive statisti-
cal iterative reconstruction (ASIR) compared with 
a standard dose of 17 mGy with FBP [45].

Third-Generation Iterative Reconstruction
The first and second generations of iterative 
reconstruction algorithms enabled dose reduction 
by up to 40–60% compared with FBP techniques 
for some clinical applications [48, 49].

A new third generation of iterative recon-
struction algorithm, the model-based iterative 
reconstruction (MBIR), was recently developed 
and offers the possibility of a large reduction in 
image noise while improving spatial resolution 
(Fig. 2.2). Recent clinical studies showed MBIR 
to be useful in abdominal and pelvic CT exami-
nations [50, 51]. A prospective study showed that 
the use of MBIR allowed a substantial reduction 
in dose for abdominal CT imaging by approxi-

mately 84%, compared with a standard-dose 
ASIR 50%, without a conspicuous deterioration 
in image quality [51].

2.2.3.2	 �Reconstruct with Smoother 
Kernels

Use of smoother kernels reduces image noise 
versus bone algorithm. The unavoidable compro-
mise is in the loss of fine edge detail. However, 
this may be a helpful strategy to salvage noisy 
images, including those obtained in obese 
patients [52].

2.2.3.3	 �Reconstruct at Larger Slice 
Thickness

Image noise is proportional to the square root 
of the slice thickness. Therefore, decreasing 
slice thickness produces more noisy images, and 
causes automated tube modulation to increase 
mAs. Therefore, one should use caution in acquir-
ing thinner slices, if they are not truly needed for 
the diagnostic task at hand [4].

2.3	 �Dual-Energy CT (DECT)

A few studies have investigated the radiation dose 
delivered by DECT compared to single-energy 
CT (SECT), with varying results. Wichmann 

a b

Fig. 2.2  Axial CT images at the level of the right portal 
vein without (a) and with (b) advanced modeled iterative 
reconstruction (ADMIRE). Image a is more noisy com-

pared to b, subjectively. Both images were acquired using 
the same CT parameters (mA 149) at 3 mm in soft-tissue 
kernel
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et al. showed that DECT can be performed with-
out radiation dose penalty or impairment of image 
quality compared to SECT [53]. In contrast, 
Purysko et al. observed a significant decrease in 
radiation dose with DECT compared to SECT in 
patients who underwent abdominal second-gen-
eration SECT and DECT for hepatocellular car-
cinoma screening [54]. Large-scale prospective 
studies need to be conducted to compare radiation 
doses between DECT and SECT for various pro-
tocols and body parts.

2.4	 �Monitoring Radiation Doses

It is highly recommended to analyze dose trends 
with a departmental safety committee composed 
of radiologists, physicists, and technologists. 

Many authors now have their CT equipment con-
nected to the ACR dose registry [55]. The ACR 
issues quarterly reports comparing CT param-
eters, including CTDIvol and DLP by examina-
tion type and scanner for one’s institution, and 
compares a particular practice’s averages to US 
national averages.

Dose tracking software can identify outliers 
within a department or practice by CT scanner 
and examination type. By setting alerts if radia-
tion dose thresholds are exceeded, quality metrics 
can be maintained in a retrospective fashion. If 
outlier results are identified, then the examination 
can be reviewed by the site to determine if the 
protocol was followed and correct technique was 
used [30]. It is important to create a departmental 
culture to monitor image quality and examination 
dose (Fig. 2.3).

Fig. 2.3  Real-time dose monitor in the emergency radiol-
ogy consultation room at the authors’ institution. For each 
patient, the number of examinations, patient size, and CT 

parameters are shown. Left side of the screen containing 
patient demographics was cropped

S. Shah et al.
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�Conclusion

A substantial dose reduction of abdominal/
pelvic CT performed in emergency patients is 
achievable using strategies that target simple 
adjustments (e.g., the number of phases of 
acquisition), technical optimization (e.g., mAs 
and kVp reduction), and use of indication-
specific protocoling while maintaining an 
acceptable level of diagnostic image quality. 
In addition to the above strategies, we must 
develop and implement training programs for 
young clinicians, and foster constructive dis-
cussion in multidisciplinary sessions, while 
promoting the role of the radiologist as a 
consultant.
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Abstract

Over the past two decades, multidetector com-
puted tomography (CT) has become a power-
ful diagnostic tool in emergency medicine 
relied upon for a variety of conditions. More 
recently, the development of dual-energy CT 
technology has enhanced the ability of radiol-
ogists to diagnose and distinguish between a 
variety of conditions, improving accuracy and 
patient care. The ability to separate material 
density pairs allows for highly specific obser-
vations, and helps to avoid diagnostic pitfalls. 
Dual-energy CT has benefits in diagnosing 
conditions of the liver, gallbladder, kidneys, 
adrenals, pancreas, large and small bowel, as 
well as vascular structures. It also has benefits 
in diagnostic evaluation of patients in the set-
ting of trauma. When its benefits are har-
nessed, dual-energy CT has the potential to 
significantly improve patient care in the emer-
gency department.

3.1	 �Introduction

Use of computed tomography in the evaluation of 
patients in the emergency department (ED) has 
grown markedly in recent years [1]. The percent-
age of patients being seen in the ED who undergo 
CT as part of their ED visit increased from 2.8% in 
1995 to 13.9% by 2007 [2]. The increase in imag-
ing volume has been possible because of several 
technological advances, namely the widespread 
use of multi-detector CT (MDCT) scanners, and 
computer hardware and software which enables 
rapid multi-planar reformatting. The rapid acqui-
sition and processing have led to the use of CT as 
a primary modality for the evaluation of a number 
of acute conditions, both traumatic and nontrau-
matic. In body imaging, CT is used extensively to 
evaluate a wide variety of conditions affecting the 
vasculature, genitourinary, biliary, digestive, and 
musculoskeletal systems.

Dual-energy CT (DECT) has emerged as a 
very useful tool in emergency radiology, and 
has many potential applications in body imag-
ing. Conventional single-energy CT creates 
images based on the X-ray attenuation proper-
ties of anatomic structures from a single energy 
source. DECT is able to provide the same infor-
mation as single-energy CT, but has the added 
benefit of being able to separate materials based 
on their material density, as different materials 
demonstrate different attenuation properties when 
there is a change in the kilovoltage peak (kVp).
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In this chapter, the technical aspects of DECT 
are discussed, along with a variety of conditions 
for which DECT may be useful to the emergency 
radiologist. The potential benefits of DECT in the 
ED are very substantial, both for assisting in the 
diagnosis of acute conditions, and for problem 
solving when encountering incidental findings 
which require characterization (Fig. 3.1).

3.2	 �Technique

Conventional single-energy computed tomogra-
phy utilizes a single polychromatic X-ray beam, 
with peak energy levels ranging from 80 to 140 
kVp, emitted from a single X-ray tube to a single 
detector. In contrast, dual-energy CT (DECT) 
acquires images utilizing two energy spectra. 
Typically, low-energy images are acquired using 
80  kVp, while high-energy images acquired 
using 140  kVp [3–6]. Some scanners (e.g., 
Somatom Force, Siemens Healthcare) allow 
variations (e.g., low energy 100  kVp, and high 
energy 150 kVp).

There are three DECT platforms which are cur-
rently commercially available: dual-source DECT, 
single-source (rapid kV switching) DECT, and 
detector-based spectral CT.  Dual-source DECT 
(Siemens Healthcare) utilizes two perpendicular 
X-ray tubes and two corresponding sets of detectors 

for image acquisition. Rapid kV switching DECT, 
available from several CT vendors, utilizes a sin-
gle X-ray tube which rapidly alternates (0.5 msc) 
between low and high energies, along with a single 
detector. The third mechanism (referred to as “spec-
tral” CT; Philips Healthcare) involves utilization of 
a single X-ray tube, with a detector with a top layer 
which absorbs low energy, and a deep layer which 
absorbs high-energy X-rays [4, 7].

Image contrast is dependent on attenuation 
of X-ray photons by varying materials, which is 
in turn influenced by the photon energy level in 
relation to the k-edge of the material. The k-edge 
refers to the K-shell electron-binding energy. 
As photon energy level approaches the k-edge 
of a given material, there is a sharp increase in 
the attenuation coefficient [8, 9]. By obtaining 
information of a tissue at two different energies, 
dual-energy CT technology can generate image 
datasets with attenuation information at several 
virtual monochromatic (VMC) X-ray energy 
levels, ranging from 40 to 140 kiloelectron volts 
(keV). Selection of VMC energy level can be 
used to optimize image contrast. For example, 
40–70 keV VMC images can be reconstructed for 
the purpose of accentuating iodine enhancement 
[7, 10]. Significant gain in iodine attenuation on 
40–60 keV images has been used to reduce iodine 
dose on DECT exams. Previous investigations 
have reported 50–70% reduction in iodine doses 

a b

Fig. 3.1  64-year-old woman with a history of cholangio-
carcinoma with liver metastases presents with progressive 
abdominal pain. (a) Axial IV contrast-enhanced CT image 
performed with dual-energy technique demonstrates het-
erogeneous hypoattenuation in the inferior vena cava 
(arrow), which may be interpreted as contrast mixing, 

bland thrombus, or tumor thrombus. (b) On the corre-
sponding axial iodine image, the finding is more apparent. 
The iodine image offers additional information as the 
absence of iodine within the thrombus (arrow) is more 
consistent with bland thrombus, rather than tumor 
thrombus
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for CT angiography by using 40–50  kev VMC 
images from DECT [10–13]. Despite a current 
controversy over post-contrast acute kidney injury 
(AKI), there is still concern about its existence. 
Therefore, using minimal iodine dose is desirable, 
especially in the emergency setting, particularly 
when a patient’s renal function may be unknown. 
This is particularly relevant in the setting of vas-
cular injury, where a subsequent angiogram may 
be necessary. Contrast-media dose reduction must 
be accompanied with adjustments in injection rate 
in order to yield homogeneous vascular enhance-
ment. Total iodine dose reduction can be achieved 
with both high- and low-concentration contrast 
media (CM). Low-concentration CM enable 
higher volumes on low-contrast computed tomog-
raphy angiography (CTA) examinations. However, 
high-concentration CM needs to be mixed with 
saline to preserve volume [11].

On the other end of the spectrum, 80–140 keV 
images can also be generated to help reduce beam 
hardening and photon starvation artifacts related 
to metallic prostheses or foreign bodies [14, 15]. 
These artifacts are typically seen on conventional 
CT as a result of attenuation of low-energy pho-
tons in a polychromatic X-ray. Similarly, these 
images can be used to decrease the pseudo-
enhancement which is relatively commonly seen 
in smaller cysts and soft-tissue nodules [4, 16].

Besides virtual monochromatic images, knowl-
edge of the attenuation characteristics of a tissue 
at different X-ray energies also allows the creation 
of material-specific images. Given that different 
materials have different absorb X-ray photons 
in a unique way, several material density (MD) 
images can be created to analyze the composition 
of various tissues. Currently, the most commonly 
used MD images are MD-I images (iodine maps) 
and water-density (virtual non-enhanced) images. 
MD-I images exclusively show iodine contribu-
tion within the image, and do not take into account 
the inherent attenuation of the tissue. Therefore, 
iodine maps are helpful for detection of iodine 
content or enhancement within a nodule or mass 
[4, 5]. In the emergency setting, this is useful for 
the appropriate “triaging” of incidental nodules or 
masses. This will be discussed in further detail.

Virtual non-enhanced (VNE) images can be 
helpful for detecting the presence of calcium in a 
nodule or mass. A common misconception is that 
DECT imparts higher radiation doses than conven-
tional CT. While this may have been true early in 
the development of DECT, this is not the case with 
current DECT technology [12]. On the contrary, 
current DECT technology may allow for radiation 
dose savings as VNE images can be constructed, 
which may in turn forgo the need for a conven-
tional non-enhanced acquisition [16] (Table 3.1).

Table 3.1  Summary of emergency applications of dual-energy computed tomography in abdominal imaging

Gallbladder

 �   Gallstone disease Lower energy scans may reveal cholesterol stones, which may be inapparent on 
conventional CT images

 �   Acute cholecystitis Increased sensitivity for detection of gangrenous cholecystitis; improved 
characterization of gallbladder wall enhancement and intraluminal membranes

Pancreas

 �   Acute pancreatitis Increased sensitivity to diagnose gallstone pancreatitis

Detection of necrotizing or hemorrhagic pancreatitis

Potential reduced radiation exposure

Kidney

 �   Nephrolithiasis Increased detection of renal calculi on IV contrast-enhanced CT, when contrast 
may opacify collecting system/ureters

Characterize calculus composition

 �   Incidental focal renal mass Distinguished incidental enhancing renal masses from hyperdense cysts and 
pseudo-enhancement

 � �  Obstructing urothelial 
mass

Increased conspicuity of enhancing urothelial mass causing obstruction

(continued)
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3.3	 �Gallbladder

3.3.1	 �Gallstone Disease

Gallstone disease is a common cause for right upper 
quadrant pain leading to an emergency depart-
ment visit. Of patients that have gallstone disease, 
10–15% will pass calculi into the central bile ducts 
leading to biliary obstruction, and frequently to sub-
sequent acute cholecystitis or cholangitis [17, 18].

While CT is helpful for detection of hyperat-
tenuating and hypoattenuating calculi, many cal-
culi are essentially isoattenuating to bile within the 
gallbladder, and are therefore difficult to identify 
on conventional CT. This can be particularly true 
when calculi isoattenuating to bile are lodged in 
the common duct. Dual-energy CT can be helpful 
in these patients, for calculus detection and char-
acterization (Fig. 3.2). With regard to detection, 
studies have shown that acquiring imaging with 
a lower energy (i.e., 40 keV) increases sensitivity 
for detection of gallstones [18, 19] (Fig. 3.2).

In addition to detection of cholelithiasis, a 
possible application of DECT is to determine 
the gallstone composition, as calculi of higher 
cholesterol content have been shown to have 
relatively lower attenuation [20, 21]. Given that 
these calculi may be treated conservatively, pro-
spective characterization may lead clinicians to a 
more conservative approach [18].

3.3.2	 �Acute Cholecystitis

Acute cholecystitis is readily diagnosed using 
conventional CT, with reported sensitivity and 
specificity greater than 90% [22]. Gangrenous 
cholecystitis, however, presents a diagnostic 
challenge. The sensitivity for diagnosing gan-
grenous cholecystitis on CT is significantly 
lower at 29% [22]. The implications for miss-
ing this diagnosis are potentially serious, as it 
carries a higher morbidity and mortality. On 
conventional CT, the main findings suggestive 
of gangrenous cholecystitis include gas in the 
wall, intraluminal membranes, and discontinu-
ous or irregular wall and mural striation [22]. 
While intramural gas in the gallbladder wall is 
easily detected on conventional CT, the other 
findings are often more difficult to detect [22]. 
Dual-energy CT can be helpful in these patients, 
particularly with iodine maps as areas of 
enhancement and relative hypoenhancement are 
easily detected. This may help accentuate areas 
of wall discontinuity. Intraluminal membranes 
may also be accentuated by evaluating intra-
luminal contents with low-keV images, which 
increases the contrast between the sloughed 
membranes and the surrounding infected bili-
ary fluid. It may also be easier to see intramural 
hematoma in the gallbladder wall using VNE 
images with DECT.

Table 3.1  (continued)

Adrenal

 �   Incidental adrenal nodule Characterize incidental adrenal nodule/mass using VNE images

Bowel

 � �  Acute gastrointestinal 
hemorrhage

Increased sensitivity to detect and localized acute GI bleeding

 �   Bowel ischemia Lower kVp increases conspicuity of early bowel ischemia

Aorta

 �   Traumatic aortic injury Detection of intramural aortic hematoma using VNC images

Increased detection of leaks from repaired aortic aneurysms

 � �  Traumatic solid visceral 
injury

Increased conspicuity of solid visceral lacerations

Improved visualization of contrast extravasation

 � �  Traumatic musculoskeletal 
injury

Increased detection of subtle non-displaced fractures

Characterize spinal compression fractures as acute or chronic based on the 
presence of bone marrow edema and/or hemorrhage

VNE virtual non-enhanced

H. Yu et al.
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Fig. 3.2  68-year-old man with noncalcified gallstones 
which are isodense to bile on axial 70 keV (a) and mixed 
images (b) on dual-energy CT. The presence of calculi is 
confirmed on an axial T2-weighted single-shot fast spin-
echo MR image (c). The calculi decrease in attenuation 
using virtual monochromatic images at 40 keV (d), and 

increase in attenuation at 190 keV (e), with corresponding 
increase in conspicuity relative to surrounding bile. The 
dependent gallstones have the lowest HU values at 40 keV 
(d), are isoattenuating at 70 keV (a), and are hyperattenu-
ating at 190 keV (e)

3  Dual-Energy CT in Patients with an Acute Abdomen
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3.4	 �Pancreas

3.4.1	 �Acute Pancreatitis

Acute pancreatitis is one of the most commonly 
encountered conditions in the emergency setting. 
Most commonly, the etiology is alcohol induced 
or gallstone related. In the latter scenario, DECT 
may be helpful in identifying choledocholithiasis. 
Because low-keV images can be used to increase 
conspicuity of certain types of calculi (i.e., cho-
lesterol stones), DECT may increase sensitivity 
for gallstone detection [23], enabling a faster 
diagnosis of gallstone pancreatitis without having 
to then perform MR cholangiopancreatography.

Dual-energy CT may also be helpful in the set-
ting of acute pancreatitis, because it can be used 
to identify complications, including pancreatic 
necrosis and hemorrhage. Pancreatic necrosis can 
be difficult to detect on conventional CT, as areas 
of hypoenhancement may be subtle. When identi-
fied, it is often unclear whether these areas represent 
areas of necrosis or ischemia. Using DECT, iodine 
maps can be constructed to help detect areas of 
subtle enhancement, which suggest ischemia rather 
than necrosis [4, 14]. Necrotic regions appear as 
areas without any iodine uptake (Fig. 3.3). Patients 
with necrotizing pancreatitis are generally managed 
more aggressively, so the distinction is pertinent [4].

Hemorrhagic pancreatitis can also be accu-
rately diagnosed with the aid of DECT. On con-
ventional contrast-enhanced CT, hyperattenuating 
regions may represent hemorrhage or enhancing 
pancreatic parenchyma. In such patients, review 
of non-enhanced images would be required to 
distinguish the two. However, this would require 
an additional acquisition, which is not routinely 
performed and would increase radiation dose. 
Review of VNE images on DECT scans can help 
to characterize these regions, as hyperattenuating 
foci on these images would stand out relative to 
non-enhancing parenchyma, which is consistent 
with hemorrhage rather than enhancement [4].

An additional benefit of DECT is the reduced 
radiation dose associated with the examination. 
Younger patients with acute pancreatitis and its 
complications often require repeated follow-up 

imaging examinations [7]. As previously sug-
gested, these patients may undergo DECT, which 
would obviate the need for a non-contrast scan, 
as VNE images can be constructed.

3.5	 �Renal

3.5.1	 �Nephrolithiasis

Nephrolithiasis is a common condition in the 
United States, affecting approximately 1 out of 11 
adults [1]. There is a slightly higher risk in men than 
in women, and it is known that dietary factors play 
a role, namely dehydration and dietary salt intake 
[24]. When renal calculi become obstructive in the 
renal pelvis, ureter, or ureterovesical junction, the 
experience is notoriously painful, and often brings 
patients to the ED.  Additionally, approximately 
half of patients presenting with symptoms related 
to kidney calculi will have another episode in the 
next decade [24].

Over two decades, CT has been recognized as the 
modality of choice when evaluating patients with 
clinically suspected nephrolithiasis, or obstructing 
calculi in the urinary tract [25]. In direct comparison, 
CT has been shown to be more effective at revealing 
urolithiasis than ultrasound [26, 27]. Although non-
enhanced CT is highly effective in the diagnosis of 
acute conditions related to urinary tract calculi, there 
are two areas in which DECT may have additional 
benefits.

First, many CT examinations of the abdomen 
and pelvis are acquired with intravenous contrast 
in the ED. Depending on the protocol for a given 
scan, and whether or not the patient recently 
received intravenous contrast for another exami-
nation, material density separation may be used 
to isolate radiodense urinary calculi from iodin-
ated contrast in the collecting system or ureters. 
A high degree of accuracy is achieved by using 
material density separation to create VNE images 
to detect renal or ureteral calculi [28]. Thus, even 
in patients whose symptoms may not be typical 
for obstructing calculi and therefore undergo an 
IV contrast-enhanced examination, the correct 
diagnosis can still be made using DECT.

H. Yu et al.
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Second, dual-energy CT has reliably shown 
the ability to characterize urinary calculus 
composition in multiple publications [29–35]. 
Specifically, DECT enables the radiologist to 
determine whether calculi are predominantly 
made of calcium oxalate, uric acid, or cysteine 
(Fig.  3.4). The implications for patient therapy 
are substantial.

Per the 2014 guidelines from the American 
Urologic Association, hydration is essential regard-

less of the type of urinary calculus [24]. For calcium 
oxalate calculi, recommendations on the dietary 
intake of sodium, calcium, oxalate, fruits/vegetables, 
and protein depend on urinary levels of calcium, 
oxalate, and citrate. Additional pharmacologic ther-
apies may be indicated, such as thiazide diuretics for 
patients with calcium oxalate calculi or thiol drugs 
which bind cysteine when dietary modifications fail, 
or if there is a substantial stone burden. Lastly, differ-
entiating uric acid (UA) calculi from non-uric acid 

a b

c d

Fig. 3.3  54-year-old man with acute epigastric pain. (a) 
Axial IV contrast-enhanced CT image through the pan-
creas demonstrating acute pancreatitis with patchy areas 
of normal enhancement (solid arrow) and hypoenhancing 
parenchyma (open arrow). On these images, it is unclear 
whether the hypoenhancement represents ischemia or 
necrosis. (b) On the corresponding iodine image, there is 
an area of normal iodine uptake (solid arrow). The 
hypoenhancing area on CT (open arrow) does demon-

strate iodine uptake, suggesting ischemia rather than 
necrosis. (c) In the same patient, the IV contrast-enhanced 
image demonstrates a separate area of normal enhance-
ment (solid arrow) and hypoenhancement (open arrow). 
(d) On the corresponding iodine image, there is an area of 
normal iodine uptake (solid arrow). The hypoenhancing 
area on CT (open arrow) demonstrates no iodine uptake, 
suggesting necrosis rather than ischemia
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Fig. 3.4  Two different patients with renal calculi. (a) 
Axial VNE CT image through the level of the kidneys 
demonstrating a left renal calculus (solid arrow). (b) The 
corresponding iodine image again demonstrates the left 
renal calculus (solid arrow). Given the persistent finding 
on both images, these findings represent a calcified calcu-
lus. In contrast, a uric acid calculus will be present on the 
VNE image but not on the iodine image. (c) In a separate 

patient, axial non-contrast image through the kidneys 
demonstrating a left renal calculus (solid arrow). (d) 
Corresponding color overlay DECT image again demon-
strating a left renal calculus (solid arrow). (e) Graph dem-
onstrating dual-energy indexes for different calculus 
composition. Renal calculus composition can be deter-
mined by comparing the ratio of attenuation on low- ver-
sus high-kVp images
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calculi is useful, as uric acid stones may be treated 
with alkalization of urine [36]. Because UA calculi 
have increased attenuation at higher peak kVp com-
pared to non-UA calculi which have higher attenu-
ation at lower peak kVp, this distinction is possible 
with DECT [36].

3.5.2	 �Focal Renal Mass

Focal renal masses are a commonly encountered 
entity in abdominal imaging. It is estimated that over 
half of the adults over 50 years old will be shown 
to have at least one renal mass on cross-sectional 
imaging [37]. Fortunately, the vast majority of inci-
dentally encountered renal masses are simple cysts, 
and can be characterize as such by the absence of 
enhancement on IV contrast-enhanced examina-
tions. However, a clinical dilemma arises when a 
focal renal mass is encountered which is not clearly 
a simple cyst, namely masses with attenuation 
greater than 20 HU. In this scenario, the most com-
mon explanations for a hyperattenuating focal renal 
mass include a hemorrhagic or proteinaceous cyst, 
so-called pseudo-enhancement of a renal cyst under 
2  cm in diameter, or a solid renal mass. Because 
the management for these diagnoses is considerably 
different, it is important to correctly characterize 
these incidentally encountered renal masses.

Although the majority of abdominopelvic CT 
scans in the ED are acquired with intravenous 
contrast in a single phase (portal venous), separa-
tion of material density pairs with post-processing 
enables characterization of incidentally encoun-
tered renal masses with VNE [38]. Furthermore, 
after many investigators have struggled to elimi-
nate pseudo-enhancement of small renal masses 
[37], DECT has been shown to reliably overcome 
pseudo-enhancement on virtual monochromatic 
images [37]. By making the distinction between 
solid enhancing renal masses and other differen-
tial diagnoses, unnecessary follow-up examina-
tions may be avoided, reducing cost, radiation 
exposure, and patient anxiety.

3.5.3	 �Detection of Urothelial 
Masses

Detection of urothelial masses can be difficult, 
particularly when they grow in a plaque-like 
manner along the course of the urinary tract. In 
patients presenting with new hydronephrosis 
without an obstructing renal calculus, radiologists 
in the ED may be charged with locating a urothe-
lial mass. DECT urography has been described, 
and shows promise as a way to evaluate patients 
with hematuria while possibly reducing radiation 
exposure [39, 40]. With dual-energy CT, it is pos-
sible to use separation of material density pairs 
to better appreciate the enhancement of urothe-
lial masses which may have caused signs and/or 
symptoms which have brought the patient to the 
ED.  Although the enhancing masses will com-
monly be primary transitional cell carcinoma, 
metastases from other malignancies, including 
prostate, pancreas, and breast, are also possible.

3.6	 �Adrenal

3.6.1	 �Incidental Adrenal Nodules

As the use of cross-sectional imaging has 
increased markedly over the past 20 years, radi-
ologists working in the emergency department 
often encounter incidental nodules and masses 
which are of indeterminate significance. The 
frequency of incidentally discovered adrenal 
nodules larger than 1 cm in size, in particular, 
is estimated to be between 3 and 7% in adults 
[41]. Adrenal nodules discovered incidentally 
therefore present one of the common chal-
lenges facing radiologists in this setting. In 
those adult patients without a history of malig-
nancy, the vast majority of adrenal nodules will 
ultimately prove benign. In one study of 973 
patients, with a total of 1049 adrenal nodules, 
none proved malignant [42]. While the clini-
cal context is important in ascertaining whether 
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further workup is required, such as a history of 
malignancy or comparison with a prior imaging 
examination, a certain number of patients will 
remain indeterminate on the initial evaluation. 
In this group there is a role for new technology, 
which can help triage patients with incidental 
adrenal nodules, possibly avoiding unnecessary 
further workup.

Because of the inherent ability of dual-energy 
CT to separate different material densities, VNE 
images can be created by separating iodine and 
water components from IV contrast-enhanced 
images. In recent years, a number of studies have 
attempted to characterize indeterminate renal 
mass using DECT [43–47].

Slebocki et al. assessed a group of 63 patients 
undergoing CT angiography after endovascular 
repair of an abdominal aortic aneurysm who were 
evaluated with both pre-contrast CT and single-
phase CTA.  Of those patients, six had adrenal 
abnormalities detected, and an excellent corre-
lation was found between the true non-contrast 
(TNC) and VNE mean attenuation values (12.8 
vs. 12.4 HU) [46]. Glazer et al. also found that 
VNE images can help triage adrenal nodules, 
and reported excellent interobserver agreement 
(kappa = 0.92) among multiple radiologists [43]. 
Gnannt et  al. showed that there was no differ-
ence in the mean attenuation of adrenal nodules 
between VNE and TNC images acquired in the 
portal venous phase of IV contrast-enhanced CT 
[44]. Botsikas et  al. reported a slightly higher 
mean HU for VNE images made from por-
tal venous-phase images (4.02  HU higher for 
VNE), but no significant difference from VNE 
made from 15-min images [45]. Mileto et  al. 
showed that VNE images may be better than 
TNC images for characterizing lipid-poor adre-
nal adenomas [47].

In summary, by using material density pairs, 
a radiologist in the ED can reliably character-
ize many incidental adrenal nodules on IV 
contrast-enhanced CT scans. This is true at a 
variety of kVp settings, and works in both the 

portal venous and arterial phases of acquisition 
(Fig. 3.5).

3.7	 �Bowel

3.7.1	 �Acute Gastrointestinal 
Hemorrhage

Detection and localization of acute gastrointesti-
nal hemorrhage present a diagnostic challenge for 
the practicing radiologist. The presence of high-
density material within the bowel lumen (i.e., 
positive oral contrast or other ingested material) 
may confound CT findings which indicate the 
presence of acute blood products. Upper endos-
copy and optical colonoscopy are essential diag-
nostic tools in the setting of acute gastrointestinal 
hemorrhage, and have the additional benefit of 
providing an opportunity for therapeutic interven-
tion, either through clipping of a bleeding ves-
sel or injection of a sclerosing agent. However, 
a number of factors, including the presence of a 
large amount of blood within the bowel lumen, 
may limit the ability of the gastroenterologist to 
detect and localize the source of acute bleeding.

As the technology of multi-detector com-
puted tomography (MDCT) has advanced over 
the past two decades, MDCT has emerged as a 
valid diagnostic tool in the evaluation of patients 
with acute gastrointestinal hemorrhage [48–53]. 
Some challenges are inherent to the interpreta-
tion of MDCT examinations for the assessment 
of known or suspected acute gastrointestinal 
hemorrhage, namely the presence of intrinsically 
high-density material within the bowel lumen, 
which may confound the interpretation of a scan. 
Because of the ability of dual-energy computed 
tomography (DECT) to separate elements of dif-
ferent attenuation, and therefore to determine 
the iodine contribution to an image, there is an 
emerging role for the use of DECT in the evalu-
ation of acute gastrointestinal hemorrhage in the 
ED setting [48–53].
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Fig. 3.5  79-year-old man with abdominal pain. (a) Axial 
non-contrast CT image demonstrating a hyperattenuating 
subhepatic collection (solid arrow). Given that enteric 
contrast was previously administered, it was unclear 
whether this collection represented leakage of contrast. 
(b) Corresponding axial VNE image shows the same sub-
hepatic collection (solid arrow). (c) Corresponding axial 
iodine image also demonstrates the same subhepatic col-

lection (solid arrow). (d) Axial calcium image also dem-
onstrates the hyperattenuating subhepatic collection (solid 
arrow). (e) On the corresponding non-calcium image, the 
same collection is hypoattenuating (solid arrow). The 
interpreting radiologist was unable to elicit a history to 
explain the findings, but the calcification within the col-
lection indicates that it is chronic

a b

c

e

d
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3.7.2	 �Bowel Inflammation

Patients with inflammatory bowel disease (IBD) 
may present to the ED with acute or worsen-
ing abdominal pain. Some of the CT findings 
associated with bowel inflammation include 
hyperenhancement, bowel dilation, and bowel 
wall thickening, as well as secondary signs of 
mesenteric fat stranding. By separating mate-
rial density pairs to create iodine maps, areas 
of bowel wall hyperenhancement may become 
more conspicuous and thus may be more read-
ily detected (Fig.  3.6). Iodine maps may be 
beneficial in common conditions of bowel 
inflammation including inflammatory bowel 
disease, acute appendicitis, and diverticulitis 
[54]. There is ample opportunity for further 
research in this area.

3.7.3	 �Bowel Ischemia

Acute bowel ischemia often presents a diagnos-
tic challenge in the ED.  Patients presenting with 
bowel ischemia usually have abdominal pain, signs 
of a systemic illness such as tachycardia, and/or 
hematochezia. These symptoms may appropriately 
prompt an IV contrast-enhanced CT of the abdo-
men and pelvis. However, “conventional” MDCT 
may lend to missing as many as 34% of acute 
mesenteric ischemia [55]. DECT may be useful in 
acute mesenteric ischemia. In animal models, it has 
been shown that DECT using a low kVp increases 
attenuation differences between normally perfused 
bowel and early ischemic bowel. The authors 
found this difference to be statistically significant 
for a lower kVp (51 keV) when compared to con-
ventional 120 kVp images, but also saw improved 

Fig. 3.6  37-year-old man with a history of Crohn disease 
presents with abdominal and rectal pain. (a) Axial IV con-
trast-enhanced CT image demonstrating wall thickening 
and enhancement involving the hepatic flexure of the colon 
(arrows). (b) Iodine image at a similar level demonstrating 

increased conspicuity of the finding (arrows). (c) IV con-
trast-enhanced CT image demonstrating a right perianal 
fistula extending towards the right gluteal cleft (arrow). (d) 
As before, an iodine image at a similar level also shows 
increased conspicuity of the same finding (arrow)

a b

c d
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conspicuity of early bowel ischemia when the kVp 
was 65 and 70 keV [56] (Fig. 3.7).

3.8	 �Trauma

Abdominopelvic trauma is common, and is a 
leading cause of morbidity and mortality among 
younger patients in the emergency setting. CT 
plays a crucial role in the workup of all hemo-
dynamically stable trauma patients [57]. Portal 
venous-phase imaging is standard on abdomi-
nopelvic CT imaging. However, depending on 
the severity and mechanism of trauma, protocols 
can be tailored to the clinical history to include 
additional phases, i.e., arterial phase or delayed 
images [57]. In all patients with trauma, it is 
important to emphasize the need to be highly 
accurate while minimizing radiation dose to the 
patient. In this regard, DECT is an ideal technol-
ogy that can be used to accomplish both of these 
goals without compromises.

3.8.1	 �Aortic Injury and Endoleak

In the setting of trauma, the aorta is best evaluated 
with multiphase imaging, typically including arte-
rial and delayed phases. Non-enhanced images 

are not routinely acquired at most institutions, but 
can be helpful for the identification of intramural 
hematoma. Dual-energy CT can be helpful in these 
patients as VNE images can be created instead of 
the conventional non-enhanced acquisition, thus 
reducing radiation dose. While these images are 
noisier than the conventional non-enhanced images, 
they are of diagnostic quality in 95% of patients [6]. 
Additionally, with further development of DECT 
technology, image quality has been significantly 
improved such that the images currently closely 
resemble acquired non-enhanced images.

Another scenario where DECT has been 
shown to be helpful is for detection of endoleaks. 
Endovascular aneurysm repair is a commonly 
performed procedure for abdominal aortic aneu-
rysms. A common complication of the procedure 
is subacute to chronic endoleak, which allows for 
filling of the aneurysm sac, and which is associ-
ated with an increased risk of rupture [58]. As pre-
viously suggested, CT with arterial and delayed 
phases is highly sensitive and specific for detection 
of endoleaks. Unlike in acute aortic injury, non-
enhanced images are usually routinely acquired, 
particularly on the initial post-procedure CT scans. 
However, sensitivity, specificity, and accuracy may 
be further increased by using dual-energy tech-
nique. This is possible by using lower kVp images, 
which increases the attenuation of intravenously 

a b

Fig. 3.7  68-year-old man with cirrhosis, with increasing 
abdominal pain. (a) Axial IV contrast-enhanced CT image 
through the abdomen demonstrates right lower quadrant 
small bowel loops with wall thickening (solid arrow) and 
dilated small bowel loops in the left lower quadrant (open 

arrow). (b) Corresponding axial iodine image demon-
strates absence of iodine uptake in the right lower quad-
rant small bowel loops (solid arrow), strongly suggesting 
ischemic bowel. In contrast, the left lower quadrant small 
bowel loops have normal iodine uptake (open arrow)
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administered contrast (Fig.  3.8). In one study of 
22 patients, endoleaks were shown to be more 
conspicuous on 80 kVp images when compared to 
images using 120 kVp [59].

3.8.2	 �Solid Organ Injury

Solid organ injury is very common in the set-
ting of trauma. In order of frequency, the most 
commonly injured organs are spleen, liver, and 
kidney, with bowel and bladder less commonly 
injured [57]. The American Association for the 
Surgery of Trauma (AAST) has developed grad-
ing scales for injuries of the solid organs, tak-
ing into account size of hematomas and depth 

of lacerations. CT is an invaluable tool for early 
detection of these injuries. Typical CT trauma 
protocols include portal-venous-phase images 
through the abdomen and pelvis, with or without 
delayed images [57].

On CT images, lacerations appear as linear 
areas of hypoattenuation. While these findings 
may be detected on conventional CT, DECT is 
useful as it can accentuate the findings (Fig. 3.9). 
Iodine images can also be constructed to highlight 
areas of perfusion and areas of hypoenhancement 
[16, 60]. Other important findings on CT include 
subcapsular hematoma/hemoperitoneum, active 
extravasation of contrast, and pseudoaneurysm 
formation. All of these findings can be made 
more conspicuous on DECT images.

a b

c

Fig. 3.8  70-year-old man following remote endovascular 
abdominal aortic aneurysm repair, with clinical concern 
for a graft endoleak. (a) CT angiogram axial image dem-
onstrating endoleak along the left lateral aspect of the 
stent graft (arrow). (b) Low-keV image demonstrates 
increased conspicuity of the same finding despite the 

same window and level values (arrow). Also note the dif-
ferences in attenuation on the low-keV images, best seen 
in the aorta. Intravenous contrast appears brighter on low-
keV images. (c) The same finding on the iodine image is 
much more apparent (arrow)
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As previously suggested, trauma CT protocols 
typically do not include non-enhanced images. 
While this is sufficient in most patients, there 
are situations where non-enhanced images can 
provide valuable information. In the setting of 
trauma, non-enhanced images may demonstrate 
subcapsular hematomas of the spleen or liver as a 
layer of hyperattenuating material overlying and 
conforming to the contour of the injured organ 
[60]. Similarly, hemoperitoneum can be subtle, 
particularly when there are only small amounts 
adjacent to enhancing bowel loops or other 
hyperattenuating structures. On post-contrast 
images, the blood products may be isoattenuat-
ing relative to the adjacent organ. Given that non-
contrast images are not routinely acquired, these 
findings can potentially be missed on “routine” 
IV contrast-enhanced images. However, review 
of VNE images on DECT will demonstrate 
increased contrast differentiation between hema-
toma and adjacent injured organ [60] (Fig. 3.10).

IV contrast extravasation is a critical find-
ing to identify on CT, as it strongly suggests 
the need for more invasive management, i.e., 
angiographic intervention or surgical manage-
ment. Active arterial (and occasionally venous) 
contrast extravasation appears as blush of con-
trast within or adjacent to solid organs or bowel, 
which should change its morphology and den-
sity on delayed images [57]. As these findings 

can be subtle, DECT can be used to increase 
conspicuity [60]. Subtle hyperattenuating foci 
can be more easily detected on iodine images or 
low-keV images.

A diagnostic dilemma occurs on a single-phase 
CT examination. In this setting, a single image 
demonstrating a hyperdense focus may represent 
contrast extravasation, vascular or gastrointesti-
nal, or other intrinsically hyperdense material. 
This is further complicated if the finding is seen 
in the vicinity of a comminuted fracture with 
osseous fragments or calcified atherosclerotic 
plaque potentially mimicking contrast extravasa-
tion. Dual-energy CT can be very helpful in this 
scenario, as review of VNE in conjunction with 
iodine images can help to differentiate between 
the two. Calcium will be present on both VNE 
and iodine images. However, extravasated con-
trast will only be seen on iodine images, and not 
on VNE images [60] (Fig. 3.11).

3.8.3	 �Musculoskeletal Injury

Fractures are commonly seen in the emergency 
setting. This is true even in the absence of 
trauma, given that elderly patients can present 
with insufficiency fractures. While displaced 
fractures are easily detected on conventional 
CT images, non-displaced and minimally dis-

a b

Fig. 3.9  40-year-old man brought to the emergency 
department after a motor vehicle collision. (a) Axial IV 
contrast-enhanced CT image through the abdomen at the 
level of the pancreas demonstrates heterogeneous enhance-

ment in the pancreatic head and neck (solid arrow), as well 
as hemoperitoneum and flattening of the inferior vena cava. 
(b) The iodine image confirms the presence of a laceration 
through the pancreatic neck (solid arrow)
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placed fractures can often be difficult to detect. 
In these patients, clinicians typically order MRI 
for detection of bone marrow edema [61]. While 
MRI is an excellent tool, it is relatively expen-
sive, time consuming, and sometimes techni-
cally difficult to perform in the inpatient setting. 
An alternative approach is to use DECT, which 
can be used to subtract calcium from the image. 
This process removes trabecular bone from the 
image, allowing bone marrow to be visualized. 
On the resulting virtual non-calcium images, 
hyperattenuation in the marrow represents 
marrow edema and/or hemorrhage [7, 10, 14]. 

Aside from detection, this technique can also 
be helpful for characterization of fractures. As 
previously suggested, elderly patients are often 
incidentally noted to have spinal compression 
fractures on CT examinations. In the absence 
of prior imaging examinations for comparison, 
these fractures are often interpreted as age inde-
terminate, leading clinicians to then order MRI 
or nuclear bone scan for further characteriza-
tion. As with fracture detection, DECT can be 
used in these patients to characterize the frac-
tures. In these patients, the presence of marrow 
edema or hemorrhage is consistent with acute 

a b

c

Fig. 3.10  46-year-old woman with known metastatic mela-
noma presents to the emergency department with abdominal 
pain. (a) Axial IV contrast-enhanced CT image demonstrat-
ing hypoattenuating material layering anterior to the liver 
(solid arrow). (b) On the corresponding VNE image, the col-

lection appears hyperattenuating (solid arrow), using the 
fluid seen in the stomach as an internal reference. (c) On the 
corresponding iodine image, there is no iodine uptake in the 
collection (solid arrow). This collection represents hemoperi-
toneum from hepatic melanoma metastases
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a b

c

Fig. 3.11  69-year-old man after endovascular abdominal 
aortic aneurysm repair with concern for endoleak. (a) 
Axial CT angiogram image clearly depicts two areas of 
hyperattenuation (arrows) within the aneurysm sac—a 
curvilinear structure on the right and an amorphous struc-
ture anteriorly. It is unclear whether these findings repre-
sent an endoleak or atherosclerotic calcification. (b) VNE 

image demonstrating the curvilinear structure in the right 
side of the aneurysm sac (arrow), but not the hyperattenu-
ating material anteriorly. (c) Iodine images demonstrate 
both areas of hyperattenuation. There is curvilinear calci-
fication along the right side of the aneurysm sac (arrow), 
and an endoleak anteriorly (open arrow)

to subacute fracture, while their absence sug-
gests chronicity.

�Conclusion

Dual-energy CT has a wide range of applica-
tions in diagnostic imaging in the emergency 
department. Familiarity with the role of DECT 
in the evaluation of the gallbladder, pancreas, 
kidneys, bowel, vasculature, and musculo-
skeletal system can enable timely and accu-
rate diagnoses while frequently eliminating 
the need for further diagnostic imaging 
workup.
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Acute Hepatobiliary Imaging

Marina C. Bernal Fernandez, Jorge A. Soto, 
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Abstract

Abdominal pain is a common chief complaint 
in the emergency department, and computed 
tomography (CT) and ultrasound are useful 
first-line imaging modalities in the appropriate 
clinical setting. Both are rapid, low cost, and 
easily accessible. Magnetic resonance (MR) 
imaging is increasingly used in equivocal situ-
ations, especially for imaging the biliary sys-
tem and pancreas, in the setting of pregnancy, 
and in young or relatively young patients with 
chronic diseases which will require multiple 
imaging examinations, with the associated 
exposure of ionizing radiation if repetitive CT 
is performed. MR has proved particularly use-
ful in the setting of Crohn disease, complica-
tions of pancreatitis, suspected appendicitis 
in pregnant patients, complications from pan-
creatic injury, choledocholithiasis, and biliary 
obstruction of indeterminate etiology. Acute 
abdominal pain related to liver, gallbladder, 
and biliary etiologies may present as acute 
infections with hepatitis or cholecystitis, acute 
obstruction with choledocholithiasis or malig-
nancy, hemoperitoneum from a ruptured liver 
mass, or trauma/iatrogenic injury.

4.1	 �Acute Nontraumatic

Abdominal pain is a common chief complaint in 
the emergency department, and computed tomog-
raphy (CT) and ultrasound are useful first-line 
imaging modalities in the appropriate clinical set-
ting. Both are rapid, low cost, and easily accessible. 
Magnetic resonance (MR) imaging is increasingly 
used in equivocal situations, especially for imag-
ing the biliary system and pancreas, in the setting 
of pregnancy, and in young or relatively young 
patients with chronic diseases which will require 
multiple imaging examinations, with the associ-
ated exposure of ionizing radiation if repetitive 
CT is performed. MR has proved particularly use-
ful in the setting of Crohn disease, complications 
of pancreatitis, suspected appendicitis in pregnant 
patients, complications from pancreatic injury, cho-
ledocholithiasis, and biliary obstruction of indeter-
minate etiology. Acute abdominal pain related to 
liver, gallbladder, and biliary etiologies may pres-
ent as acute infections with hepatitis or cholecys-
titis, acute obstruction with choledocholithiasis or 
malignancy, hemoperitoneum from a ruptured liver 
mass, or trauma/iatrogenic injury.

4.2	 �Liver

4.2.1	 �Acute Hepatitis

Acute hepatitis of any origin causes edema of the 
hepatocytes leading to injury. It can manifest as 
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enlarged liver with no focal signs of disease on 
imaging. When present, symptoms may include 
fatigue, weakness, abdominal pain, hepatomeg-
aly, and splenomegaly. Acute hepatitis remains a 
clinical diagnosis, with generally limited need for 
imaging evaluation. Etiologies include viral hepa-
titis—hepatitis A (fecal-oral transmission), hepati-
tis B and C (IV drug use, sex or blood transfusion 
transmission), and hepatitis D and E—and drug-
induced hepatitis with alcohol or acetaminophen, as 
well as autoimmune, steatohepatitis, among others.

In acute hepatitis, ultrasound (US) may show 
either a normal liver or a decreased echogenicity 
of the parenchyma, and prominence of the portal 
venous system, which is commonly known as a 
“starry sky” appearance. In chronic hepatitis, the 
liver is echogenic. However, this is not specific 

for hepatitis, and may be seen with any chronic 
liver disease. Additional nonspecific ultrasound 
findings seen in hepatitis include gallbladder wall 
thickening, contraction, and periportal lymph-
adenopathy. Hepatitis B and C increase the risk 
of cirrhosis, portal hypertension, and hepatocel-
lular carcinoma. Coarse echotexture and surface 
nodularity are more specific signs of cirrhosis on 
US. CT and MR play a limited role in evaluat-
ing acute hepatitis, but may show nonspecific 
findings including hepatomegaly and periportal 
edema or enhancement [1]. MR may show hetero-
geneous liver intensity on T2-weighted images, 
and immediately after intravenous contrast 
administration. In the setting of equivocal liver 
enzyme elevation with nonspecific symptoms in 
a patient suspected of having steatohepatitis, MR 

a

c d

b

Fig. 4.1  AIDS cholangiohepatitis. 26-year-old man with 
AIDS and acute transaminitis of unknown etiology. Axial 
T2-weighted fat-saturated MR image (a) shows periportal 
edema (arrow). Axial T1-weighted fat-saturated pre-
contrast (b) and post-contrast MR images in the portal 
venous phase (c) demonstrate heterogeneous hepatic 

parenchymal enhancement (arrow), a nonspecific finding 
which can be seen in the setting of hepatitis. 3D MRCP 
image (d) reveals multifocal segmental strictures of the 
intra- and extrahepatic biliary tract (arrow), which given 
the clinical information is highly consistent with AIDS 
cholangiopathy
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is the examination with the most sensitivity and 
specificity. MR hepatic perfusion abnormalities 
may be seen in active liver disease, or in extrinsic 
inflammatory processes which have blood drain-
age to the liver, including pancreatitis and bowel 
inflammatory diseases (Figs. 4.1 and 4.2) [2].

4.2.2	 �Perihepatitis/Fitz-Hugh-Curtis 
Syndrome

Fitz-Hugh-Curtis syndrome is characterized by 
right-sided abdominal pain and perihepatitis due 
to pelvic inflammatory disease from a variety of 
organisms, particularly chlamydia and gonor-
rhea. Infection ascends from the vagina or cervix 
to the endometrium, fallopian tubes, and con-
tiguous structures, resulting in endometritis, sal-
pingitis, and tubo-ovarian abscess, which, if left 
untreated, may spread along the right paracolic 
gutter, resulting in perihepatitis. Typical findings 
include stringlike adhesions between the anterior 
surface of the liver and the parietal peritoneum, 
which are seen on US, CT, or MR as thickening 
and abnormal enhancement of the anterior liver 
capsule with peritoneal septations and loculated 
perihepatic ascites (Fig.  4.3) [3]. Nonspecific 
findings also include inflammation in the hepa-
torenal fossa, and gallbladder wall thickening. 
Clinical history and clinical examination point-
ing to pelvic inflammatory disease are essential 
to consider the diagnosis.

4.2.3	 �Hepatic Abscess

An abscess is a localized collection of necrotic 
inflammatory tissue caused by bacteria, fungal 
species, or parasites. Pyogenic liver abscesses 
usually develop secondary to an intestinal source 
of bacteria, as with appendicitis or diverticulitis, 
from recent surgery, or from complications of 
blunt or penetrating trauma. Clinical presentation 
is usually insidious, with several days to weeks 
of low-grade fever and right upper quadrant pain. 
Complications of liver abscess which may present 
with acute pain and/or sepsis include subphrenic 
abscess, peritoneal rupture, and Budd-Chiari 

syndrome from compression of the inferior vena 
cava or hepatic veins. Laboratory analysis shows 
leukocytosis, anemia, and elevated ESR.

US shows complex fluid collections of mixed 
echogenicity, thick-walled cysts, or cysts with 
fluid-fluid levels. An abscess may also appear 
as a solid liver mass, at which time through 
transmission aids in identifying them as non-
solid [4]. CT or MR may be needed for further 
characterization. CT demonstrates a periph-
erally enhancing, centrally hypoattenuating 
well-defined mass. A “double-target sign” may 
be seen with a hypodense fluid center, a hyper-
dense inner ring representing an abscess mem-
brane which persists on delayed imaging, and a 
hypodense outer ring representing liver edema 
which only enhances on delayed images. MR 
classically shows a mass which is hypoin-
tense on T1-weighted images, hyperintense on 
T2-weighted images with thick walls, and inter-
nal septations which enhance on early arterial-
phase imaging, and demonstrates persistent 
enhancement on late-phase imaging. An abscess 
will also show diffusion restriction (Figs. 4.4 and 
4.5). MR is useful when a mass is not defini-
tively characterized using CT, as MR gadolinium 
chelates have a higher sensitivity than CT does 
using iodinated contrast [5]. Differentiating an 
abscess from a metastasis with a large necrotic 
component may be difficult. In the setting of a 
metastasis, MR may show more progressive, 
centripetal stromal enhancement, and may have 
a more nodular, irregular, and thicker rim with a 
necrotic metastasis than with an abscess.

Fungal abscess may occur in immunocompro-
mised patients, and most commonly caused by 
Candida albicans which concomitantly infects 
the spleen. Nodules are usually numerous, sub-
capsular, and small, measuring less than 1 cm. 
CT may show the classic target nodule in smaller 
form and peripheral distribution, but often does 
not show these characteristics convincingly 
enough to establish definitive diagnosis due to 
their small size and peripheral distribution. MR 
sequences with dynamic gadolinium-enhanced 
gradient-echo and T2-weighted fat-suppressed 
sequences are more sensitive for the identifica-
tion of hepatosplenic candidiasis [6, 7]. Chronic 
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Fig. 4.2  Acute hepatic insult with subsequent nodular 
regenerative hyperplasia. 38-year-old man with elevated 
bilirubin, elevated INR, new ascites, and weight loss. Axial 
IV contrast-enhanced CT image (a) demonstrates extensive 
ascites (star) and a markedly abnormal liver with central 
hypoenhancement (arrow) and peripheral enhancement 
which was concerning for a mass. A follow-up MRI was 
obtained 6 weeks later. Axial T2-weighted fat-saturated MR 
image (b) and B600 diffusion-weighted MR image (c) 
reveal that the periphery of the liver has hyperintense signal 

(arrows) which does not restrict on the ADC map (arrow, d) 
while the central liver and scattered round foci at the periph-
ery are normal (open arrow on the dominant nodule). 
T1-weighted fat-saturated pre-contrast (e) and 10-min-delay 
post-contrast (f) MR images reveal multiple regenerative 
nodules, particularly in the central liver (arrow on the domi-
nant nodule), with large regions of hypoenhancement at the 
periphery of the liver. These findings were sequelae of the 
acute hepatic insult of unknown etiology that the patient sus-
tained at the time of presentation, and not a tumor
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nodules may be seen as irregular shaped foci 
which are hypointense on T1-weighted images 
and isointense on T2-weighted images, with 
negligible enhancement, as they represent scar 
tissue.

Amebic abscesses result from primary 
colonic involvement with Entamoeba histolytica 
with seeding through the portal venous drain-
age, and hence affecting the right hepatic lobe, 
more commonly. It is thought that abscesses 
may result from trophosite obstruction in small 
venules, causing ischemic necrosis and infection 
[8]. These are indistinguishable from pyogenic 
abscess, but are more often seen as single masses 
and in a subdiaphragmatic location, with a thick 
5–10  mm capsule which enhances (Fig.  4.6). 
Complications include intraperitoneal rupture 
with subsequent peritonitis, and diaphragmatic 
invasion with pulmonary consolidation and 
empyema. Conservative medical treatment is 
effective in most cases, with percutaneous drain-
age reserved for larger abscesses and abscesses 
close to the heart.

Other parasitic infections of the liver include 
echinococcal disease, which presents as a multi-
cystic liver abscess with multiple daughter cysts, 
and schistosomiasis with ova infecting the por-
tal triads, and causing fibrosis seen as thickened 
echogenic triads.

4.2.4	 �Portal Vein Thrombosis/
Occlusion

Portal vein thrombosis or occlusion results from 
either slow flow as in portal hypertension or 
post-surgery, hypercoagulable states, or intes-
tinal infection/inflammation including appen-
dicitis or pancreatitis, as well as from external 
compression from tumors or lymphadenopathy. 
Thrombosis may be well tolerated with no acute 
symptoms, or may present as acute abdominal 
pain or variceal bleeding.

US shows an intraluminal filling defect which 
varies in echogenicity. On color Doppler, flow 
void or complete lack of intraluminal flow is 
seen. Sensitivity and specificity are close to 90% 
[9]. False positive causes include slow portal 
vein flow. False negative causes include a large 
periportal collateral which can be confused with 
a patent portal vein. In the setting of chronic por-
tal vein thrombosis, cavernous transformation is 
seen as multiple collateral vessels surrounding a 
thrombosed portal vein (Fig. 4.7).

MR is useful in distinguishing tumor throm-
bus from bland thrombus and in patients with 
equivocal US findings. Diagnosis is best 
achieved by combining black-blood techniques 
(spin-echo techniques with superior and infe-
rior saturation pulses) or bright-blood technique 

a b

Fig. 4.3  Fitz-Hugh-Curtis syndrome. 25-year-old woman 
with cervical motion tenderness and right upper quadrant 
pain. (a) Contrast-enhanced axial CT image of the pelvis 
demonstrates a multi-loculated cyst in the left ovary, con-
sistent with a tubo-ovarian abscess (arrow). (b) IV con-

trast-enhanced axial CT image of the upper abdomen 
demonstrates capsular enhancement of the liver (arrow), 
representing perihepatitis. Together, these findings repre-
sent Fitz-Hugh-Curtis syndrome
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(time-of-flight (TOF) gradient echo (GRE) 
or gadolinium-enhanced gradient echo) [10]. 
Tumor thrombus is most commonly seen with 
hepatocellular carcinoma, and shows high sig-
nal on T2-weighted images and soft-tissue sig-
nal intensity on TOF GRE images, and enhances 

with intravenous gadolinium. Bland thrombus 
is seen in cirrhosis, infection, or inflammation, 
and is low in signal on T2-weighted images 
and TOF, and does not enhance with gadolin-
ium. If bland thrombus is infected, one may see 
enhancement of the portal vein wall.

a

c

b

Fig. 4.4  Liver abscesses. 43-year-old man with acute 
right upper quadrant pain and elevated GGT. Representative 
longitudinal image from an ultrasound through the liver 
(a) demonstrates multiple hypoechoic hepatic masses 
with peripheral echogenic rims (arrows). Axial (b) and 

coronal (c) IV contrast-enhanced CT images reveal mul-
tiple peripherally enhancing, centrally hypoattenuating 
masses in the liver (arrows), consistent with hepatic 
abscesses, which were of mixed flora at pathologic analy-
sis via image-guided drainage

M. C. Bernal Fernandez et al.



49

a

c d

b

Fig. 4.5  Liver abscess. 45-year-old man with elevated 
bilirubin, fever, and leukocytosis. Axial T2 fat-saturated 
image through the liver (a) demonstrates an irregular 
hyperintense mass in segment three (arrow). Axial 
T1-weighted post-contrast MR image (b) in the equilib-

rium phase shows peripheral enhancement and central 
hypointensity of this mass, while ADC map (c) and B600 
(d) MR images reveal restricted diffusion in this mass 
(arrows). Percutaneous sampling proved this to be a 
Klebsiella pneumoniae liver abscess

a b

Fig. 4.6  Amebic abscess. 35-year-old woman with 
abdominal pain, fevers, and chills. Grayscale axial ultra-
sound image (a) demonstrates a large irregular thick-
walled cyst in the right hepatic lobe (arrow). Axial IV 

contrast-enhanced CT image (b) reveals a rim-enhancing 
low-attenuation mass with peripheral edema (arrow) in 
segment six and associated hyperemia, which proved to 
be an amebic abscess
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4.2.5	 �Budd-Chiari Syndrome

Budd-Chiari syndrome is characterized by centri-
lobular congestion, hepatocellular necrosis, and 
atrophy from hepatic venous outflow obstruction 
due to IVC or hepatic vein thrombosis. Common 
causes of thrombosis include pregnancy, oral 
contraceptive use, polycythemia vera, chronic 
fibrosis, webs obstructing the veins, and tumors 
including HCC, renal cell carcinoma, and adre-
nal cortical carcinoma. Patients may present 
clinically with abdominal pain, signs of portal 
hypertension, and ascites. CT and MR findings 
in acute Budd-Chiari syndrome include narrow-
ing or non-visualization of the hepatic veins and/
or IVC, caudate lobe enlargement, decreased 
peripheral parenchymal enhancement, and intra-

hepatic collateral vessels which may be seen as 
comma-shaped enhancing vessels (Fig. 4.8) [11].

4.2.6	 �Hepatic Infarction

Because of the dual arterial and portal blood 
supply to the liver, hepatic infarcts are very 
uncommon. Hepatic infarction is a grave com-
plication most often seen after liver transplanta-
tion, often necessitating repeat transplantation. 
Acute hepatic infarction appears hypoechoic on 
US and hypoattenuating on CT. A key imaging 
feature of hepatic infarction is the preservation 
of portal tracts, because it differentiates it from 
other etiologies, including abscess, biloma, and 
post-biopsy hematoma. A potential pitfall is focal 

a
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b

Fig. 4.7  Portal vein thrombosis. 53-year-old man with a 
history of hepatitis C-related cirrhosis. 2D (a) and color 
Doppler (b) longitudinal ultrasound images acquired 
8  years prior demonstrate a nonocclusive thrombus 
(arrows) in the main portal vein. Recent T1-weighted 

post-contrast axial MR image (c) demonstrates cavernous 
transformation in the porta hepatis (solid arrow) due to 
interval complete portal vein occlusion since the prior 
ultrasound. Note is also made of mild splenomegaly (star) 
and splenorenal shunts (open arrow)
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hepatic steatosis. However, this tends to occur in 
characteristic locations, and normally enhancing 
vessels course through it [12].

4.2.7	 �Hepatocellular Carcinoma

Patients with hepatitis or any type of chronic 
liver disease are at increased risk of hepatocel-
lular carcinoma (HCC). Prevalence is highest in 
Asia and Africa due to higher rates of viral hepa-
titis. Nonetheless, incidence has been steadily 
increasing in the United States. Any liver mass in 
a patient with chronic liver disease should be fur-
ther evaluated with dedicated liver imaging, with 
either a multiphase contrast-enhanced CT liver 
mass protocol or a dynamic contrast-enhanced 
MR liver mass protocol. There is consensus 
that MR is superior to CT for the identification 
of HCC [13]. US has a sensitivity of 60% and a 
specificity of 85–90% for the diagnosis of HCC, 
and is easily accessible and uses no ionizing 
radiation, hence its use as the primary screening 
modality. Recent literature has shown the poten-
tial usefulness of MR as a screening modality for 
patients with chronic liver disease at risk of HCC, 
due to its higher sensitivity and specificity [14].

HCC is the fifth most common malignancy in 
the world, and accounts for one million deaths 

annually, with a 5-year survival rate of <5% for 
untreated, symptomatic HCC [15]. For tumors 
>2 cm, MR most frequently shows hyperinten-
sity on T2-weighted images and hypointensity 
on T1-weighted images, with enhancement on 
arterial phase images, washout on portal venous 
and delayed images, and late pseudocapsu-
lar enhancement (Fig.  4.9). Although usually 
asymptomatic, HCC may present in the emer-
gency setting as hemoperitoneum from a rup-
tured mass. Different mechanisms have been 
described, including tumor expansion leading to 
subcapsular hemorrhage, and rupture of the liver 
capsule with associated intraperitoneal hemor-
rhage. This may present clinically as sudden 
onset of epigastric or right hypochondrial pain 
due to Glisson’s capsule distention, peritonitis, 
hypotension, and shock from bleeding. A clini-
cal history of cirrhosis or HCC is essential, or 
high suspicion in a patient from an endemic area 
with acute abdominal pain.

CT findings include high-attenuation peritoneal 
fluid around the liver and spleen in the setting of 
acute bleeding from a ruptured mass, with change in 
composition and, hence, density of the hematoma, 
depending on the age of the blood products, clot-
ting, and layering hematocrit effect [16]. Small vol-
umes of blood may layer in Morrison’s pouch or in 
the pelvis. A classic CT finding, the “sentinel clot” 

a b

Fig. 4.8  Budd-Chiari syndrome. 26-year-old man from 
Sudan with a history of giardiasis and amebic infections. 
T1-weighted post-contrast axial MR image in the portal 
venous phase (a) shows occlusion of the hepatic veins 
(arrow) in the enlarged and nodular liver. Delayed 

enhancement of the peripheral liver with central low den-
sity and hypertrophy of the caudate lobe (arrow, b) is 
noted on an axial T1-weighted MR image, which is highly 
consistent with Budd-Chiari syndrome. Note is also made 
that the spleen is borderline enlarged (star, b)

4  Acute Hepatobiliary Imaging



52

a

c d

e

g

f

b

Fig. 4.9  Hepatocellular carcinoma. 79-year-old man with 
cirrhosis and liver masses detected incidentally on a chest 
CT done for rectal cancer staging. Axial MR images dem-
onstrate cirrhosis, perihepatic ascites, and a 5.5 cm mass in 
segment three with arterial enhancement (arrow, a), and 
washout on venous and equilibrium phase T1-weighted 

fat-saturated images (arrows, b and c, respectively), signal 
loss on T1-weighted out-of-phase (arrow, d) when com-
pared to T1-weighted in-phase imaging (arrow, e), and 
restricted diffusion on B600 (arrow, f) when compared to 
the ADC map (arrow, g), which is highly consistent with a 
well-differentiated hepatocellular carcinoma
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sign, which refers to clotted blood at the site of tis-
sue rupture, which usually has Hounsfield units of 
45–60 (Figs. 4.10 and 4.11). Blood spilling into the 
peritoneal cavity will show Hounsfield units (HU) 
of acute blood at approximately 45 HU. Mortality 
is high, and urgent treatment is needed with trans-
catheter arterial embolization. MR findings are 
similar to those seen on CT, with signal characteris-
tics of blood varying based on the age of the blood 
products. By the time most patients get imaged, the 
majority of the blood products will be high signal 
on T1-weighted imaging, and mixed or intermedi-
ate signal on T2-weighted images [15].

4.2.8	 �Hepatic Adenoma

Hepatocellular adenoma is a mass composed 
of normal hepatocytes which produce bile but 
do not have bile ductules, and are partially or 
completely enclosed by a pseudocapsule from 
compressed hepatic parenchyma. It used to be 
a rare tumor until the introduction of oral con-
traceptives [17]. Other causes include diabetes, 
glycogen storage disease, iron overload, and 
anabolic steroids. Although usually asymptom-
atic and diagnosed incidentally, patients may 
present with acute abdominal pain related to 
intratumoral hemorrhage or, rarely, peritoneal 

a
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Fig. 4.10  Same patient as in Fig. 4.9. Ruptured hepato-
cellular carcinoma. 79-year-old man with known hepato-
cellular carcinoma diagnosed 3 months ago presents with 
an acute hematocrit drop and grossly bloody ascites on 
paracentesis after a fall 1 day prior. Sagittal non-contrast 

CT images demonstrate the known segment three hepato-
cellular carcinoma (arrow, a) and adjacent sentinel clot 
(open arrows, b and c) tracking into the right paracolic 
gutter. Extensive hemoperitoneum is noted (star)
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hemorrhage requiring emergent intervention. 
Malignant transformation is rare.

Because US findings are nonspecific, showing 
a single mass of variable echogenicity, additional 
imaging is usually needed for diagnosis. On non-v 
CT, adenomas are usually isodense to liver, or 

hypodense if they contain fat (Fig. 4.12). If there is 
hemorrhage, non-contrast CT shows areas of high 
attenuation, or heterogeneity if there is old hemor-
rhage. Intratumoral hemorrhage is seen in 25–40% 
of adenomas (Fig. 4.13) [18]. If intravenous con-
trast is given, early homogeneous enhancement 

a
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b

Fig. 4.11  Ruptured hepatocellular carcinoma with subse-
quent embolization. 54-year-old man with chronic hepati-
tis C, cirrhosis, and ascites presented with tachycardia and 
abdominal pain. Axial (a) and sagittal (b) IV contrast-
enhanced CT images show a large heterogeneous mass 
(arrows) in the left lobe of a cirrhotic liver, with adjacent 
active hemorrhage (star), representing a ruptured hepato-
cellular carcinoma. Simple perihepatic ascites is also 
visualized. Digital subtraction angiographic image (c) 

reveals a large hypervascular tumor arising from the left 
lobe of the liver (circle). This mass derived its blood sup-
ply from a replaced left hepatic artery arising from the left 
gastric artery. To avoid nontarget embolization of the 
lesser curvature of the stomach, a large branch of the left 
gastric artery was embolized using two metallic coils 
(open arrow). Subsequent bland embolization of the hepa-
tocellular carcinoma was performed
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Fig. 4.12  Hepatic adenoma. 51-year-old woman with 
biopsy-proven hepatic adenomatosis. These masses were 
incidentally detected on a CT scan of her thorax when she 
was 36  years old. The largest of the patient’s known 
hepatic adenomas is shown in segment seven on MR 
imaging. In-phase (a) and opposed-phase (b) T1-weighted 
MR images reveal signal loss on the opposed-phase 

image, consistent with intratumoral fat. This mass is only 
faintly T2 hyperintense on this T2-weighted fat-saturated 
image (c). Dynamic post-contrast subtraction images 
reveal arterial enhancement (d) followed by rapid wash-
out on the venous phase (e), and pseudocapsular enhance-
ment on the equilibrium phase (f), classic imaging features 
for a hepatic adenoma in a non-cirrhotic patient
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Fig. 4.13  Ruptured hepatic adenoma. 28-year-old woman 
with a known hepatic adenoma who presents with new-
onset acute abdominal pain. Axial IV contrast-enhanced CT 
image reveals hyperattenuation within the known hepatic 
adenoma, representing acute hemorrhage (closed arrow). 
Associated hemoperitoneum is visualized (open arrow)

and isodensity with liver parenchyma in portal 
venous and delayed phases are seen. Non-bleeding 
masses are usually managed conservatively if they 
measure less than 5 cm [19].

MR shows a homogeneous mass with mild 
hyperintensity on T2-weighted images and hypo- or 
isointensity on T1-weighted images. Post-contrast 
images show a transient homogeneous blush which 
uniformly fades to isointensity with normal liver 
parenchyma by 1  min [20]. More heterogeneous 
signal may be seen on T1- and T2-weighted images 
depending on the amounts of fat, hemorrhage, and 
necrosis. When the mass shows an intense marble 
pattern of arterial enhancement, it may be difficult 
to distinguish it from HCC, but the presence of 
washout and a capsule in HCC should help make 
the distinction.
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Fig. 4.14  HELLP syndrome. 36-year-old pregnant 
woman with elevated liver function tests and right upper 
quadrant pain. Axial (a) and longitudinal (b) grayscale 
ultrasound images of the liver demonstrate a heteroge-
neous perihepatic fluid collection (solid arrows) as well as 
a right pleural effusion (open arrows). Coronal 

T2-weighted (c) and axial T1-weighted (d) images con-
firm the presence of perihepatic hematoma (solid arrows) 
in this patient with HELLP syndrome. The right pleural 
effusion is also seen in C (open arrow) (images courtesy 
of Dr. Vincent Mellnick)
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4.2.9	 �HELLP Syndrome

HELLP syndrome is an uncommon but serious 
obstetrical condition characterized by hemoly-
sis (H), elevated liver enzymes (EL), and low 
platelet count (LP), and occurs in 0.2–0.6% of 
all pregnancies, and in 10–20% of women with 
severe preeclampsia [21, 22]. Maternal clinical 
symptoms are nonspecific and, unfortunately, 
can masquerade as a variety of other condi-
tions. The pathophysiology of HELLP has not 
been clearly elucidated to our knowledge; how-
ever, altered placental function resulting in 
ischemia-producing oxidative stress is one pro-
posed etiology [23]. Imaging features of HELLP 
include perihepatic free fluid, hepatic steatosis, 
liver enlargement, and a periportal halo which 
may precede more severe conditions includ-
ing hepatic hematoma and hepatic rupture with 
hemoperitoneum (Fig.  4.14), leading to high 
morbidity and mortality [24].

4.3	 �Gallbladder

4.3.1	 �Acute Calculous Cholecystitis

The most common cause of acute cholecystitis 
is impacted calculi in the cystic duct or com-
mon bile duct (95%) [25]. Calculi obstruct bile 
drainage into the common bile duct, leading 
to gallbladder overdistention, increased intra-
luminal pressure, inflammation, and eventu-
ally wall ischemia and bacterial superinfection 
with necrosis, if not treated promptly. Clinical 
presentation includes a history of colicky pain 
after a meal of high-fat content, with acute onset 
of constant, right upper quadrant pain lasting 
>6 h, with or without fever, chills, and labora-
tory markers of acute inflammation including 
leukocytosis. US is the first-line modality for 
diagnosis, showing cholelithiasis, diffuse wall 
thickening with pericholecystic fluid and/or 
hyperemia, gallbladder distention greater than 
10 × 4 cm, and a positive sonographic Murphy 
sign [26].

When initial findings are indeterminate and 
clinical examination is not definitive for acute 

cholecystitis, hepatobiliary scintigraphy, CT, or 
MRI may be used for definitive diagnosis prior 
to surgery. MR is particularly useful for identify-
ing a different cause for the patient’s symptoms, 
and for identifying a cause for biliary obstruction 
when calculi are not seen. CT is 85% sensitive for 
gallstones, less than US, but may show additional 
findings of stranding of the pericholecystic fat, 
abnormalities in the gallbladder fossa, and com-
plications including gas in the gallbladder wall 
as is seen in emphysematous cholecystitis [27]. 
Additionally, if narrow CT windows are used 
and/or newer techniques such as dual energy, the 
yield of CT increases to higher than the afore-
mentioned 85% [28].

A more comprehensive evaluation of chole-
cystitis, its root cause, and possible complica-
tions is achieved with MR. The high sensitivity 
of T1-weighted fat-saturated contrast-enhanced 
images makes MR an excellent tool for the diag-
nosis of cholecystitis, with sensitivity greater 
than that of ultrasound [29]. Findings are similar 
to those seen on CT, with mucosal enhancement 
on early phases, and progressive gallbladder wall 
enhancement and transient enhancement of sur-
rounding liver parenchyma. On T2-weighted 
imaging, calculi can be excluded or identified, and 
pericholecystic fluid and abscesses are revealed if 
present. MR in conjunction with MRCP increases 
sensitivity for the diagnosis of exclusion of coex-
isting choledocholithiasis, can reveal a mass or 
another cause of obstruction including as stric-
ture, and outlines possible complications, includ-
ing empyema, perforation, and gangrene, which 
are not as readily seen on US, CT, or hepatobiliary 
scintigraphy (Fig. 4.15).

4.3.2	 �Acute Acalculous Cholecystitis

Acalculous cholecystitis accounts for approxi-
mately 5–10% of patients with acute cholecysti-
tis, and has a higher mortality rate than calculous 
cholecystitis (approaching 50%), and a higher rate 
of complications including gangrene, emphysema, 
and perforation [26]. One must consider acute 
acalculous cholecystitis in patients with prolonged 
hospitalization, patients with comorbidities includ-

4  Acute Hepatobiliary Imaging



58

ing diabetes and sepsis, and patients undergoing 
mechanical ventilation or parenteral nutrition. 
Inflammation is not due to cystic duct obstruction, 
but rather wall ischemia from decreased gallblad-
der contraction and overdistention, or by direct 
bacterial infection. Clinical examination is similar 
to that of acute calculous cholecystitis, but is often 
masked by other comorbidities.

US, CT, and MR findings of acalculous cho-
lecystitis include a distended gallbladder with 
wall thickening, intraluminal sludge with no 
calculi, pericholecystic fluid, and hyperemia of 
the gallbladder fossa on the arterial phase at CT 
or MR (Fig. 4.16). These findings are nonspe-

cific, and may be seen with hypoalbuminemia, 
hepatitis, cirrhosis, and heart failure, making 
diagnosis difficult. Hepatobiliary scintigraphy 
may help to confirm the diagnosis by showing 
non-filling of the gallbladder, but may not reveal 
the cause for non-filling. MR with MRCP can 
be used to exclude choledocholithiasis, with a 
reported negative predictive value of 93% for a 
normal MRCP, and a probability of 89% of hav-
ing no CBD calculus demonstrated as well as 
no readmission due to calculus disease within 
6  months following MRCP [30]. MR/MRCP 
may reduce the amount of unnecessary ERCP 
procedures and associated complications.

a b c
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Fig. 4.15  Acute calculous cholecystitis. 53-year-old man 
with fever and leukocytosis. In the emergency department, 
an IV contrast-enhanced CT was acquired due to the 
absence of localizing symptoms. An axial CT image (a) 
demonstrates a distended gallbladder with wall thickening 
(arrow) and pericholecystic fluid and inflammation (open 
arrow), which is highly consistent with acute cholecystitis. 
Subsequent axial (b) and longitudinal (c) ultrasound images 
confirmed these findings (solid arrows and open arrows) 
and also identified a shadowing gallstone (curved arrow). 

An IV contrast-enhanced MRCP was performed to assess 
for possible choledocholithiasis and associated findings 
prior to cholecystectomy. T2-weighted fat-saturated axial 
image (d) again shows gallbladder distention, wall thicken-
ing (arrow), calculus (curved arrow), and pericholecystic 
fluid (open arrow). T1-weighted IV contrast-enhanced arte-
rial phase MR image (e) demonstrates gallbladder fossa 
hyperemia (arrow). ADC (f) and B600 (g) axial MR images 
illustrate restricted diffusion of the gallbladder wall edema 
(arrows) and the calculus (curved arrow)
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4.3.3	 �Complicated Acute 
Cholecystitis

Untreated acute cholecystitis may result in perfo-
ration, abscess formation, fistula, peritonitis, and 
gangrenous or emphysematous cholecystitis.

In gangrenous cholecystitis, there is necrosis 
of the gallbladder wall, which is a surgical emer-
gency. US findings most specific for acute gangre-
nous cholecystitis include a striated, multilayered 
appearance of the gallbladder wall, and an irregular 
gallbladder wall with decreased or absent flow on 
Doppler [31]. CT and MR show intraluminal mem-
branes, an indistinct wall with non-enhancement of 
the foci of gangrene, intraluminal blood contents, 
and pericholecystic abscess (Fig. 4.17) [32].

Emphysematous cholecystitis results from 
small-vessel ischemia resulting in gallbladder wall 
inflammation and necrosis with superinfection with 
gas-forming organisms. This entity is usually seen 
in diabetic or elderly patients, and carries a high 
mortality. Gallbladder wall gas is a specific sign 
readily seen on US and CT (Fig. 4.18). MR may 
become useful if the diagnosis is unclear, as it can 
show characteristic signal voids in the gallblad-
der wall or susceptibility artifact on GRE images. 
Although the cross-sectional imaging features of 
gangrenous and emphysematous cholecystitis over-
lap, the end result is still ischemia and necrosis, 
with an urgent need for appropriate management.

Additional complications from acute cho-
lecystitis are perforation and/or hemorrhage of 

a
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Fig. 4.16  Acute acalculous cholecystitis. 37-year-old 
man with right upper quadrant pain. Longitudinal ultra-
sound image (a) demonstrates distention and wall thick-
ening of the gallbladder with associated pericholecystic 
fluid (arrow). No calculi are present. MR/MRCP was sub-
sequently performed to assess for possible choledocholi-
thiasis. Axial T2-weighted fat-saturated MR and 3D 

MRCP images (b, c) mirror the ultrasound, with gallblad-
der distention and wall thickening (arrows) with associ-
ated pericholecystic fluid (star on 3D MRCP image). 
Again, no calculi were seen. T1-weighted axial fat-
saturated IV contrast-enhanced arterial phase MR image 
(d) shows hyperemia of the gallbladder fossa (arrow)
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Fig. 4.17  Gangrenous cholecystitis. 70-year-old man 
with new liver function test elevation and fever. Grayscale 
(a) and color Doppler axial ultrasound images (b) reveal a 
markedly abnormal gallbladder which contains a calculus 
(curved arrows), and which has an irregular, thickened 
wall with associated pericholecystic fluid collections 
(arrows). Axial IV contrast-enhanced CT images (c, d) 

show similar findings; however, the discontinuity of the 
gallbladder wall is more conspicuous (arrows in d). A per-
cutaneous cholecystostomy tube was placed, and at a later 
date a fluoroscopy tube check was performed (e), which 
demonstrates a patent cystic duct and a markedly abnor-
mal gallbladder with a discontinuous wall and opacifica-
tion of multiple pericholecystic fluid collections (arrow)
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the gallbladder. Imaging findings in perforation 
include discontinuity of the gallbladder wall, bulg-
ing of the wall suggesting an underlying defect, 
and a pericholecystic fluid collection. MR imag-
ing with T1-weighted post-gadolinium images and 
T2-weighted fat-suppressed images may be par-
ticularly useful when the perforation is discrete. 
Hemorrhage may be seen in CT as hyperattenuating 
blood, or in MR as T1 hyperintense signal as a result 
of the T1-shortening effect of methemoglobin [33].

4.4	 �Biliary Ducts

4.4.1	 �Choledocholithiasis

Choledocholithiasis is the most common cause 
of biliary obstruction, and may result in pan-
creatitis, jaundice, biliary colic, or cholangitis. 
Calculi lodged in the common bile duct most 
commonly form in the gallbladder and migrate to 
the CBD, are dislodged during cholecystectomy, 
or, rarely, may form in intrahepatic bile ducts and 
travel to the CBD (5%) [34]. Clinical presenta-

tion of choledocholithiasis ranges from mild to 
severe depending on the degree of obstruction 
and the presence of concomitant superinfection 
leading to cholangitis, which requires emergent 
drainage. Common symptoms include acute right 
upper quadrant pain, pruritus, and jaundice, with 
increased serum alkaline phosphatase and direct 
bilirubin levels. Common complications other 
than cholangitis include pancreatitis and second-
ary biliary cirrhosis.

The sensitivity of US for calculi in the cen-
tral bile ducts ranges from 55 to 91% [35], with 
particular limitations due to duodenal gas artifact 
adjacent to the pancreatic head. A calculus is 
seen as an echogenic focus with posterior acous-
tic shadowing (Fig. 4.19). Ten percent of calculi 
may produce no acoustic shadowing. Associated 
US findings include biliary duct dilation, >6 mm 
for the common bile duct (age-appropriate 
adjustments must be taken into account), and 
>2  mm for the intrahepatic bile ducts. CT sen-
sitivities range from 70 to 80%, and may show 
an intraductal calculus (usually calcified in up to 
80%), with a rim of surrounding bile (meniscus 

a b

Fig. 4.18  Emphysematous cholecystitis. 74-year-old 
man with a history of metastatic non-small-cell lung can-
cer who presented to the emergency department with 
abdominal pain and vomiting. Axial (a) and sagittal (b) IV 
contrast-enhanced CT images reveal a distended gallblad-
der with a large amount of gas within its irregular wall and 

lumen (arrows). Multiple foci of discontinuity are seen in 
the gallbladder wall (open arrow, a), with dissection of 
free gas into the portocaval region (not shown). There was 
moderate perihepatic free fluid (star). There was a small 
amount of pneumobilia in the left hepatic lobe (not 
shown)
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or bull’s eye sign). Pure cholesterol calculi may 
not be seen, as they have the same density as bile. 
Indirect signs include biliary duct dilation, with 
abrupt termination of the CBD.

MRCP is commonly performed when only 
indirect signs are seen on ultrasound and/or 
CT where other diagnoses cannot be excluded, 
including CBD obstruction from pancreatic or 
ampullary malignancy, chronic pancreatitis, chol-
angiocarcinoma, stenosis or stricture from a vari-
ety of causes, and primary sclerosing cholangitis. 
MRCP has a sensitivity and specificity approach-
ing 100%. Signs on MRCP include a low signal-
dependent filling defect in the CBD (Fig. 4.20). 
It is imperative to review the source images, to 
avoid potential pitfalls including motion artifact, 
cholecystectomy clip susceptibility, and vascular 
compression, among others. The location of the 
filling defect is essential, as nondependent filling 
defects are seen in the setting of pneumobilia. 
When the diagnosis is not definitive on US, CT, 
or MRCP, ERCP is commonly performed, as it 
provides both diagnostic and therapeutic options, 
and is the imaging reference standard.

4.4.2	 �Acute (Ascending) Cholangitis

Acute cholangitis is characterized by the 
triad of right upper quadrant pain, fever, and 

jaundice, and is caused by gram-negative 
bacteria superinfecting bile in the common 
bile duct. It is most commonly seen in the set-
ting of biliary tract obstruction, for which CT 
is most readily used to determine the cause. 
Eighty percent of biliary obstructions are due 
to choledocholithiasis, while the remaining are 
usually due to malignancy, sclerosing cholangi-
tis, or biliary procedures including ERCP.  US 
shows thickening of wall of bile duct with 
debris (usually pus) in the common bile duct 
and associated intra- and/or extrahepatic bili-
ary duct dilation. Urgent antibiotics with gram-
negative coverage and biliary decompression 
are potentially lifesaving. If severe, mortality 
rates have been reported up to 50–90%. CT and 
MR are useful to determine the cause of cholan-
gitis when a calculus is not readily seen on US, 
and when the diagnosis is not clinically evident. 
Early, inhomogeneous arterial enhancement 
of the liver is seen in CT, although this find-
ing is nonspecific. T1-weighted fat-suppressed 
post-gadolinium MR images show thick-
ened bile duct walls with increased enhance-
ment. T2-weighted MR images may show 
ill-defined periportal hyperintense signal from 
inflammation, and wedge-shaped hyperintense 
regions of infection (Fig. 4.21). These findings 
also help in distinguishing primary sclerosing 
cholangitis.

a b

Fig. 4.19  Choledocholithiasis. 34-year-old woman with 
abnormal liver function tests. Longitudinal ultrasound 
image (a) demonstrates a shadowing calculus in the 

dilated common bile duct (arrow). Therapeutic ERCP (b) 
performed the next day shows two calculi in the common 
bile duct (arrows)
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Fig. 4.20  Cholelithiasis and choledocholithiasis. 
62-year-old man with right upper quadrant pain. Initial 
ultrasound performed shows cholelithiasis without chole-
cystitis (arrow, a), and a dilated common bile duct (arrow, 

b). The patient underwent an MRCP given his biliary 
colic and dilated common bile duct. Axial T2-weighted 
fat-saturated (c) and 3D MRCP images (d) reveal calculi 
in the distal common bile duct (arrows)

a b

Fig. 4.21  Ascending cholangitis caused by Mirizzi’s 
syndrome. 38-year-old man presents with right upper 
quadrant pain and fever. Axial (a) IV contrast-enhanced 
CT image show heterogeneous enhancement of the liver 
parenchyma, dilated intrahepatic bile ducts, and multiple 
liver abscesses (arrow). Coronal (b) IV contrast-enhanced 

CT image reveals dilatation of the cystic duct and com-
mon hepatic duct caused by obstruction by a noncalcified 
calculus (arrow) located at the junction of both ducts. 
Also note thickening and hyperenhancement of the biliary 
duct walls
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4.4.3	 �Recurrent Pyogenic 
Cholangitis

Recurrent pyogenic cholangitis is caused by 
pigment calculus formation in the biliary tract, 
which is thought to be related to parasite infection 
with Ascaris lumbricoides or Clonorchis sinen-
sis [36]. The proposed pathophysiology is that 
parasitic organisms are infesting the biliary tract, 
and inducing inflammatory and fibrotic changes 
in the bile duct walls, leading to strictures, bile 
stasis, disproportional dilation of the extrahepatic 
bile ducts, intrahepatic calculi, and progressive 
biliary obstruction with recurrent infection, lead-
ing to multiple cholangitic hepatic abscesses, and 
even cirrhosis (Figs. 4.22 and 4.23) [36]. Parasitic 
biliary infections are an established risk factor for 
cholangiocarcinoma [37].

4.5	 �Acute Traumatic 
and Iatrogenic Injury 
to the Biliary Tract

4.5.1	 �Traumatic Injury

In the setting of trauma, biliary injury is inti-
mately associated with multiple organ injuries: 
91% in hepatic injuries, 54% in splenic injuries, 
and 54% in duodenal injuries [38]. As such, when 
these injuries are identified, the radiologist must 
actively search for signs of gallbladder, common 
bile duct, and intrahepatic bile duct injury, and 
make recommendations for additional imaging 
accordingly. Identification of biliary tract inju-
ries in the setting of trauma poses a diagnostic 
challenge, as these injuries are easily overlooked 
if there is multi-organ injury. Mechanisms of 
injury include torsion, shearing, compression, 
blunt injury, acute deceleration, and penetrat-
ing trauma. Although bile duct injuries are rare, 
occurring in approximately 0.1% of trauma 
patients, and usually do not pose an imminent 
threat to life, delayed diagnosis results in high 
morbidity and mortality from complications 
including bile leak and superinfection. In the set-
ting of missed diagnosis, symptoms are usually 
not present until bile is superinfected, resulting in 

delayed, vague symptoms including abdominal 
pain, nausea, and vomiting. Laboratory findings 
may demonstrate rising or persistently elevated 
bilirubin.

Bile duct injury may involve the intra- or 
extrahepatic bile ducts, and can be seen as tear 
or transection, with a frequency of 0.5–21% 
after hepatic trauma [39]. Injury to the intrahe-
patic ducts is commonly seen with liver injuries, 
and usually affects small, subsegmental ducts. 
Extrahepatic injuries (which include the com-
mon hepatic duct and common bile duct) are 
less frequent, but require treatment with percu-
taneous, endoscopic, or surgical interventions. 
Major ducts are usually injured extrahepatically 
near the hilum due to anatomic fixation due to 
shear from deceleration or blunt trauma. Many 
intrahepatic injuries are self-limiting, as they 
are contained by surrounding liver parenchyma. 
In a study conducted at our institution, 28% of 
patients who sustained liver injuries were found 
to have contained and/or free bile leaks, so the 
incidence of hepatobiliary injury may be higher 
than previously thought [40].

In the era of increasing nonoperative manage-
ment of trauma patients and damage-control sur-
gery with perihepatic packing for liver injuries, 
open abdomen with subsequent staged surgeries, 
and decreased use of resection with closing lapa-
rotomy and drain placement, identification of a 
bile leak may be delayed or even go unrecognized 
for months to years [41]. Patients may present 
with signs or symptoms of bile leak or bile duct 
transection or ligation, including jaundice, biliary 
peritonitis, and cholangitis. However, diagnosis 
is frequently delayed due to nonspecific symp-
toms, including abdominal pain, malaise, nausea, 
and anorexia, which may be attributed to other 
more frequent postoperative complications [42]. 
Late manifestations include recurrent cholangitis 
and secondary biliary cirrhosis due to strictures. 
Early diagnosis of bile leaks after trauma has 
been shown to result in a shorter hospital length 
of stay, with imaging playing an integral role in 
decreasing morbidity and mortality [43].

A multimodality approach is often warranted 
to care for these complex patients. There is 
absence of consensus both in the literature and in 
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Fig. 4.22  Recurrent pyogenic cholangitis. 46-year-old 
Asian man who presented with abdominal pain radiating 
to the back. A non-contrast urinary calculus protocol CT 
was obtained. Axial images (a, b) from this examination 
reveal diffuse, relatively marked intrahepatic bile duct 
dilation with numerous large intraductal calculi (arrows). 
Axial T2-weighted fat-saturated (c) and 3D MRCP (d) 

images show the same findings (arrows). The patient 
underwent ERCP (e) for calculus extraction and sphinc-
terotomy. Again seen is extensive bile duct dilation, 
greater in the left hepatic lobe, with multiple bile duct cal-
culi (arrows). These findings are characteristic of recur-
rent pyogenic cholangitis
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practice for an algorithmic approach to the diag-
nosis of posttraumatic bile leaks. To our knowl-
edge, decisions are often based on the extent of 
the biliary injury, associated organ injuries, and 
local expertise. Hemodynamically stable patients 
who have sustained blunt trauma often undergo 
CT at the time of admission to delineate their 
injuries and triage their management. If there 
is a low suspicion for a bile leak and anatomic 
detail of the biliary tract is not necessary, hepa-
tobiliary scintigraphy is appropriate for exclud-
ing a bile leak. At our institution, our surgical 
colleagues routinely order hepatobiliary scintig-
raphy 3–4 days after liver injury. Conversely, if 
there is a high clinical suspicion for biliary injury 
including rising serum albumin levels, increasing 
ascites, enlarging perihepatic fluid collections, 
or central liver lacerations, MRCP with hepato-
biliary contrast material is obtained to provide 
both anatomic and functional information, which 
helps guide treatment.

4.6	 �Iatrogenic Injury

Due to advances in both open and laparoscopic 
techniques in the last few decades, there has 
been an increase in the number of hepatobi-
liary surgeries, including open and laparoscopic 
cholecystectomy, hepatic resection, and hepatic 
transplantation, as well as liver biopsy. As a 
result, there has been a rise in the number of 
biliary injuries, including bile leak, transection, 
stricture (Fig.  4.24), and obstruction by surgi-
cal clips, which can lead to the development of 
bilomas, biliary peritonitis, cholangitis, sepsis, 
biliary cirrhosis, portal hypertension, and hepatic 
or multi-organ failure.

Detection of biliary injury in the iatrogenic 
setting is difficult as the patients’ clinical symp-
toms are often nonspecific, including abdominal 
pain, malaise, nausea, and anorexia, which are 
frequently seen in association with other more 

a

c

b

Fig. 4.23  Biliary ascariasis. 22-year-old man from India 
with right upper quadrant pain. Grayscale (a, c) and color 
Doppler (b) longitudinal ultrasound images reveal linear 
and curvilinear echogenic, non-shadowing structures 

within the common bile duct (arrows in a, b) and gallblad-
der (arrow, c). Biliary ascariasis was confirmed at ERCP 
(not shown) (images courtesy of Dr. Tharakeswara 
Bathala)
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commonly encountered postoperative complica-
tions [42, 44]. The reported rates of bile duct 
injury are 0.3–0.72% for laparoscopic cholecys-
tectomy, 0.1–0.2% for open cholecystectomy, 
and 2–25% for orthotopic liver transplantation 
or hepatic resection, particularly in nonana-
tomic hepatic resections. Only approximately 
25% of bile duct injuries are identified intra-
operatively [45, 46]. In addition, intraoperative 
cholangiography is no longer commonly per-
formed due to risk of a tear at the confluence of 
the cystic and common bile duct at the site of 
ligation, increased operative time, and increased 
procedural cost [47]. Thus, a high index of sus-
picion must be maintained postoperatively for 
biliary injury.

4.7	 �Biliary Tract Injury Imaging

Imaging plays a crucial role in the diagnosis 
of bile duct injury, as well as assessment of its 
location and severity. A multimodality imaging 
approach to biliary injury is often necessary, as 
each modality has its own strengths and limita-
tions. Options include US, CT, MRCP, hepato-
biliary scintigraphy, percutaneous transhepatic 
cholangiography (PTC), and fluoroscopy with 
a contrast agent injected through a surgically 
or percutaneously placed biliary drainage cath-
eter [48]. CT is routinely used as the first-line 
imaging modality in the setting of trauma and 
the ill postoperative patient, often showing 
subtle and nonspecific findings associated with 

Fig. 4.24  Hepatico-jejunostomy anastomotic stricture. 
46-year-old woman with a history of hepatico-
jejunostomy now presents with abdominal pain and 
hyperbilirubinemia. 3D fast spin-echo (3DFSE) MR 
images demonstrate dilated intrahepatic bile ducts with 
independent anastomoses of the right (arrow, a) and left 
hepatic ducts (a; dashed arrow). On the post-contrast 
delayed-phase images following the administration of a 
hepatobiliary contrast agent, the right hepatic duct is 

shown to be patent (arrow, b and c), while the left is 
obstructed (arrow, d). The patient subsequently under-
went drainage of the left system via percutaneous tran-
shepatic cholangiography (e). Abdom Radiol, Iatrogenic, 
blunt, and penetrating trauma to the biliary tract, vol 42, 
2017, 28–45, LeBedis CA, Bates DDB, Soto JA. 
©Springer Science + Business Media New  York 2016. 
With permission of Springer
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posttraumatic or iatrogenic biliary injury. Liver 
lacerations, focal perihepatic or intrahepatic fluid 
collections, and ascites may be the only indica-
tors of bile duct injury. A high level of suspicion 
is required in the presence of these findings, par-
ticularly when other organ injuries (liver, spleen, 
and duodenum) are noted in the trauma patient, 
or in the persistently ill postsurgical patient. In 
these patients, recommending follow-up imaging 
is essential for the diagnosis of potential late bili-
ary leaks. For example, persistent or increasing 
low-attenuation intraperitoneal fluid in the setting 
of recent trauma (Figs. 4.25 and 4.26) or surgery 
is concerning for bile leakage. Additional find-
ings of peritoneal thickening and hyperenhance-
ment are suggestive of bile peritonitis, and a site 

of leak should be searched for with advanced 
imaging modalities [49].

US may be useful in follow-up of known com-
plication to show increasing or decreasing perihe-
patic fluid, and as a quick and convenient imaging 
modality for routine follow-up assessment in 
nonoperative management of hepatic trauma, to 
detect or confirm the absence of bile leak-related 
complications [50]. Possible findings in the set-
ting of biliary injury include gallbladder wall 
thickening, collapsed gallbladder in the setting 
of perforation, perihepatic and intrahepatic fluid 
collections, and ascites. More advanced imaging 
modalities are increasingly recommended and 
used, as a normal MRCP essentially excludes 
bile duct injury. When results are indeterminate 
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Fig. 4.25  Bile leak due to liver laceration from blunt 
trauma. 21-year-old woman following a motor vehicle 
collision who was ejected from her vehicle. Axial (a) and 
coronal (b) IV contrast-enhanced CT images reveal an 
AAST grade 3 laceration (arrows) of segments six and 

seven with associated perihepatic hemoperitoneum (star). 
Hepatobiliary scintigraphy (c) performed due to concern 
for a bile leak shows radiotracer extravasating from the 
liver into the peritoneum (arrow)

M. C. Bernal Fernandez et al.



69

due to artifacts from peritoneal fluid or tissue 
edema, hepatobiliary scintigraphy or ERCP may 
prove definitive in diagnosis.

MRCP with hepatocellular contrast agents 
provides detailed anatomic information, as 
well as functional information, with the added 
advantage of potentially showing the exact site 
of bile leak and safely permitting differentiation 
between fluid of biliary and non-biliary origin. 
MRCP with hepatocyte-selective agents, includ-
ing gadoxetic acid, can be performed as the initial 
imaging examination, as it can be used to guide 
subsequent management, whether it be endo-
scopic, percutaneous, or surgical [51]. Gadoxetic 
acid causes T1 shortening of bile, and in conjunc-
tion with an MRCP may help in revealing biliary 
anatomy and bile leaks (Fig. 4.27).

Hepatobiliary scintigraphy provides physi-
ologic information, and is sensitive for demonstrat-
ing a bile leak, but delayed 4-h imaging is essential. 
However, decreased spatial resolution limits the 
ability to accurately reveal the site of leak, infor-
mation which governs treatment decisions; thus, 
evaluation with additional modalities including 
MRCP and ERCP is commonly needed.

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) has both diagnostic and thera-
peutic capabilities, and remained the reference 
of imaging standard for decades for biliary 

tract imaging and intervention. In recent years, 
ERCP has been commonly reserved solely for 
patients requiring therapeutic intervention, as 
imaging modalities have substantially advanced 
to become the standard diagnostic option for 
accurate diagnosis [52]. ERCP is more invasive, 
and is usually pursued after noninvasive imag-
ing examinations have shown or revealed find-
ings suspicious of or definitive for a bile duct 
injury. Treatment options during the procedure 
include stenting to bypass and secondarily heal 
the injury by diverting bile flow with or with-
out sphincterotomy. Another consideration with 
sphincterotomy is the inherent short-term risk 
of pancreatitis and a long-term risk of stricture, 
especially in young patients [53]. The optimal 
duration of biliary stenting remains to be eluci-
dated to our knowledge, and has been reported to 
vary from 3 to 16 weeks in prior reports [39, 54].

Percutaneous transhepatic cholangiogram 
(PTC) and fluoroscopy via an indwelling cath-
eter are useful techniques to guide percutaneous 
transhepatic biliary drain (PTBD) placement, 
which can provide biliary drainage and/or 
diversion in the setting of biliary injury [46]. 
Compared with ERCP, PTC has the advantage 
of being able to demonstrate the proximal bili-
ary tract, common bile duct, and, if present, an 
aberrant right hepatic duct [46].

a b

Fig. 4.26  Bile leak due to liver laceration from penetrat-
ing trauma. 27-year-man who sustained multiple gunshot 
wounds to the abdomen and thorax. Axial IV contrast-
enhanced CT images show an AAST grade 4 liver lacera-
tion at the dome of the liver (a,	 arrow), hemoperitoneum 

extending into the left upper quadrant (star), and a left 
chest tube (open arrow). Hepatobiliary scintigraphy (b) 
was subsequently performed, revealing a contained 
biloma at the site of the laceration at the dome of the liver 
(arrow)
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4.8	 �Biloma

A bile leak occasionally results in a biloma which 
may be intra- or extrahepatic. Since bile is sterile 
and is absorbed by the peritoneum, patients may 
not experience any symptoms for weeks after the 

initial trauma. If the bile becomes superinfected, 
patients may present with systemic inflammatory 
response syndrome (SIRS) and respiratory distress 
[55]. If the biloma results in extrahepatic biliary 
duct compression, laboratory evaluation may show 
signs of cholestasis (i.e., elevation of serum alka-
line phosphatase, total and direct bilirubin) [55].

a b

c d

Fig. 4.27  Bile leak after cholecystectomy. 32-year-old 
woman with worsening abdominal pain 10 days after cho-
lecystectomy. Coronal (a) and axial (b) T2-weighted MR 
images demonstrate large perihepatic fluid collection 
(arrow). Axial T1-weighted gadoxetate disodium-
enhanced 20-min delayed MR image (c) demonstrates 

direct leakage of biliary contrast from the cystic duct into 
the perihepatic fluid collection (arrow). The patient under-
went placement of a percutaneous transhepatic biliary 
drain placement. During this procedure, contrast extrava-
sation confirmed a leak from the cystic duct remnant 
(arrow, d)
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In the setting of abdominal trauma, studies 
report up to a 20% incidence of biliary ascites 
or bilomas in patients treated conservatively [43, 
56]. Bilomas are most commonly described post-
iatrogenic injury from cholecystectomy or partial 
hepatectomy, with an incidence of <0.1% [55]. 
Other less common causes of biloma include 
cholangiocarcinoma, acute cholecystitis, tuber-
culosis, hepatic abscess, infarction, and, rarely, 
choledocholithiasis in the setting of spontaneous 
rupture of the biliary tree.

US may have a role in patients with a history 
of recent trauma or hepatobiliary surgery who 
present with right upper quadrant pain, chills, and 
fever, and shows a well-circumscribed, anechoic 
fluid collection increased through transmission, 
debris, or septations, in a subphrenic, subhepatic, 
or intrahepatic location [55]. Loculated ascites or 
other postoperative collections may appear iden-
tical to a biloma, and the need for more advanced 
imaging or fluid sampling is usually warranted. 
CT reveals progressive growth of a well-circum-
scribed, low-attenuation perihepatic or intrapa-
renchymal fluid collection. There should be no 
identifiable capsule or peripheral enhancement 
which would indicate a nontraumatic liver mass 
such as a liver abscess or hemangioma. A hepatic 
hematoma would also be higher attenuation (as 
that of blood between 30 and 60 HU, depending 
on acuity).

Hepatobiliary scintigraphy, MR with hepato-
biliary contrast agents, or aspiration may be used 
for differentiation. MR shows a well-defined fluid 
collection, which is hyperintense on T2-weighted 
images and hypointense on T1-weighted images. 
Hepatobiliary contrast agents are excreted into 
the biliary tract, and may reveal the site of a bile 
leak in the hepatobiliary phase. Standard MRCP 
without hepatobiliary contrast cannot defini-
tively reveal the site of bile leak or be used to 
distinguish biloma from other fluid collection. 
Hepatobiliary scintigraphy, if positive, shows 
focal accumulation of radiotracer outside the 
biliary tract and bowel. In summary, a loculated 
low-density collection following hepatic trauma 
or surgery requires further evaluation.

4.9	 �Biliary Fistulas

Fistulas are abnormal communications between 
two epithelial-lined surfaces. Biliary fistulas 
result from communication of the biliary tract 
with duodenum, colon, bronchi, skin, or even 
a vessel. Biliary fistulas most commonly result 
from gallstone erosion through the gallbladder 
wall. Trauma and iatrogenic injury may also 
result in biliary fistulas. The type of fistula will 
be dictated by the underlying injury and its ana-
tomic relation to surrounding structures.

Biliary-enteric fistula is suggested by pneu-
mobilia, which is detected as gas extending 
peripherally along the portal triads of the liver 
within the biliary system. This may be seen on all 
types of imaging, and must be suggested in the 
absence of prior sphincterotomy, surgical bypass 
procedure, recent endoscopic retrograde chol-
angiopancreatography, or passed common duct 
calculus [57]. In general, cholecystoduodenal 
fistulas are the most common type, followed by 
cholecystocolic and choledochoduodenal fistulas 
[58]. The clinical manifestation of enterobiliary 
fistulas is often nonspecific, and most patients are 
diagnosed on the basis of an incidentally detected 
imaging finding [58].

Biliary-vascular fistulas are rare, but may 
be suggested on CT when opacification of the 
biliary system with iodinated contrast is noted, 
a finding which is rarely diagnosed prospec-
tively. Diagnosis is most commonly suggested 
by clinical findings suggesting bleeding, or 
laboratory evaluation showing excessively high 
serum levels of direct bilirubin, and only mod-
erately elevated liver enzymes indicating bil-
hemia (bile mixing with blood). Confirmation is 
done with selective hepatic arteriography, which 
shows extravasation of contrast material into the 
biliary tract, and also serves to exclude hepatic 
artery aneurysm/pseudoaneurysm as a source of 
bleeding.

Pleural-biliary fistula may be suspected in non-
resolving low-density pleural effusion in the set-
ting of trauma or hepatobiliary surgery (Fig. 4.28). 
This is typically diagnosed with thoracentesis.
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4.10	 �Gallbladder Trauma

Gallbladder injuries include wall contusion, per-
foration, and avulsion, most of which present as 
intraluminal or pericholecystic hematoma. Only 

approximately 2% of patients who undergo lapa-
rotomy for traumatic injury are found to have a 
gallbladder injury [59]. Clinically, a patient with 
gallbladder injury will develop slowly progres-
sive abdominal complaints, as seen with other 
traumatic biliary injuries. CT is the first-line 

a b

c

e

d

Fig. 4.28  Biliary fistula. 20-year-old man following a 
gunshot injury, with liver laceration and associated bile 
leak into the right pleural space. IV contrast-enhanced 
axial CT images from inferior to superior (a–b) reveal an 
AAST grade 4 liver laceration in the right lobe of the liver 

along the bullet trajectory (solid arrows), and a right pleu-
ral fluid collection (open arrow) with a drainage catheter 
in place (curved arrow). ERCP images (d and e) show 
contrast (arrows) accumulating in the right subphrenic 
space, and tracking to the right pleural space
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a

c

b

Fig. 4.29  Active gallbladder hemorrhage after blunt 
trauma. 31-year-old man following rollover motor vehicle 
collision. Axial IV contrast-enhanced CT images in the 
arterial (a), portal venous (b), and 5-min delayed phases 
demonstrate a focus of hyperattenuation within the gall-

bladder lumen (arrows in b and c), which first appears on 
the portal venous phase, and which expands on the 5-min 
delayed phase, representing active intraluminal hemor-
rhage. Perihepatic fluid is also noted (stars)

a b

Fig. 4.30  Gallbladder laceration from penetrating 
trauma. 36-year-old man following stab wound to the 
right upper quadrant. Axial (a) and sagittal (b) IV contrast-
enhanced CT images show an AAST grade 3 liver lacera-
tion extending to the gallbladder wall, and layering 

hyperattenuating intraluminal material. The patient under-
went subsequent cholecystectomy, and a laceration of the 
gallbladder wall with an associated intraluminal hemor-
rhage was identified. Perihepatic hematoma was also 
noted on CT (stars)
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imaging modality as it most accurately depicts 
blood within the gallbladder lumen (Figs.  4.29 
and 4.30). Other findings in CT include gall-
bladder wall thickening, pericholecystic fluid, 
intramural hematoma or layering blood, indis-
tinct gallbladder wall or discontinuous mucosal 
enhancement, active bleeding from cystic artery 
injury, and low-attenuation collections around 
the liver. An indirect sign of gallbladder wall 
injury is displacement of the gallbladder from 
its fossa. US shows echogenic fluid within the 
gallbladder. Potential mimics of intraluminal 
blood in the gallbladder on CT include milk 
of calcium, and vicarious excretion of contrast 
material from previous CT examinations, which 
may simulate intraluminal blood [60]. Similar 
findings are seen with MRI/MRCP. T1-weighted 
MR images and MRCP aid in identifying intra-
mural hematoma.

�Conclusion

A multimodality approach is often warranted 
to care for patients with hepatobiliary dis-
eases, as they often present as complex diag-
nostic and therapeutic challenges. In the 
setting of nontraumatic hepatobiliary injury, 
as for example with acute cholecystitis, CT 
and ultrasound remain the imaging examina-
tion of choice due to accessibility, low cost, 
and rapid acquisition. They also serve as use-
ful imaging tools to reveal other causes of 
acute abdominal pain. High clinical suspicion 
is often needed to elucidate the more rare pre-
sentations of acute abdominal pain, such as a 
pregnant woman with HELLP syndrome, or a 
young woman with hemoperitoneum from a 
ruptured adenoma. In the setting of posttrau-
matic hepatobiliary injury, there is a lack of 
consensus, both in the literature and practice, 
for an algorithmic approach, to our knowl-
edge. Decisions are often based on the extent 
of biliary injury, associated organ injuries, and 
local expertise. MRCP often plays an integral 
role in the diagnosis of posttraumatic compli-
cations in stable patients. MRCP is a powerful 
adjunct imaging tool for equivocal cases, and 
for showing complications, either from known 
hepatobiliary disease or in the postoperative 

setting. It is expected that as MR becomes 
more advanced in providing accelerated 
acquisition times, artifact reduction, and cost 
reduction, it will become a primary imaging 
modality in emergency hepatobiliary settings 
where there is a high clinical suspicion for 
aforementioned diseases and injuries.
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Abstract

Emergent imaging of the pancreas falls into 
two broad categories: nontraumatic and trau-
matic. Imaging for nontraumatic causes is 
often performed in the evaluation of nonspe-
cific acute abdominal pain in the ER setting, 
or to assess for severity and complications in 
known or suspected patients with pancreatitis. 
Imaging for injury of the pancreas is usually 
performed as part of a general evaluation for 
blunt or penetrating trauma to the abdomen, as 
trauma to the pancreas most often occurs in 
the setting of multi-organ injury. While evalu-
ation of the pancreas is critical during a trau-
matic event, as morbidity and mortality are 
high if the pancreas is injured, actual. An 
additional category, beyond these causes, 
includes evaluating acute and delayed compli-
cations after pancreatic surgery, which can 
necessitate emergent imaging of the pancreas. 
The radiologist requires a basic understanding 
of the types of pancreatic surgical and other 
procedures, as a lack of familiarity with the 
altered anatomy can be an impediment to 
accurate and efficient diagnosis. In nearly all 
cases of pancreatic injury requiring emergent 
imaging, multi-detector computed tomogra-

phy is the frontline modality. MRI/MRCP and 
endoscopic retrograde cholangiopancreatog-
raphy (ERCP) play vital secondary roles. 
Ultrasonography has a limited, but specific 
role in the evaluation of the acute pancreas, 
and radiography has no role in the evaluation 
of the acutely injured or inflamed pancreas.

5.1	 �Introduction

Emergent imaging of the pancreas falls into two 
broad categories: nontraumatic and traumatic. 
Imaging for nontraumatic causes is often per-
formed in the evaluation of nonspecific acute 
abdominal pain in the ER setting, or to assess for 
severity and complications in known or suspected 
patients with pancreatitis. Imaging for injury of 
the pancreas is usually performed as part of a 
general evaluation for blunt or penetrating trauma 
to the abdomen, as trauma to the pancreas most 
often occurs in the setting of multi-organ injury. 
While evaluation of the pancreas is critical dur-
ing a traumatic event, as morbidity and mortal-
ity are high if the pancreas is injured, actual. 
An additional category, beyond these causes, 
includes evaluating acute and delayed complica-
tions after pancreatic surgery, which can neces-
sitate emergent imaging of the pancreas. The 
radiologist requires a basic understanding of the 
types of pancreatic surgical and other procedures, 
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as a lack of familiarity with the altered anatomy 
can be an impediment to accurate and efficient 
diagnosis. In nearly all cases of pancreatic injury 
requiring emergent imaging, multi-detector com-
puted tomography is the frontline modality. MRI/
MRCP and endoscopic retrograde cholangiopan-
creatography (ERCP) play vital secondary roles. 
Ultrasonography has a limited, but specific role in 
the evaluation of the acute pancreas, and radiog-
raphy has no role in the evaluation of the acutely 
injured or inflamed pancreas.

5.2	 �Pancreatic Anatomy 
and Function

The pancreas is a retroperitoneal organ lying in 
a relatively protected location within the ante-
rior pararenal space of the upper abdomen. The 
pancreas is bordered by the rigid and relatively 
immobile spinal column posteriorly. Anteriorly 
and laterally, solid organs, hollow organs, and 
fat form a protective arc of soft tissue overlying 
the pancreas. The intimate relationships between 
the anatomic portions of the pancreas, including 
the head, uncinate process, neck, body, and tail 
with the adjacent organs, vasculature, and spi-
nal column, offer diagnostic clues as to the spe-
cific location where pancreatic injury may have 
occurred, as well as to the expected course and 
distribution where fluid may spread and collect 
during an episode of acute pancreatitis.

The uncinate process forms a triangular pro-
tuberance which insinuates between the superior 
mesenteric vessels anteriorly and the inferior 
vena cava and the aorta posteriorly. The head is 
in intimate contact with the second portion of the 
duodenum, with a fixed connection between the 
ampulla and the pancreatic duct. The neck lies 
anterior to the superior mesenteric vessels. The 
splenic vein runs along the posterior border of 
the pancreatic body. The pancreatic tail typically 
ends in close proximity to the splenic hilum.

An important differentiating structural qual-
ity unique to the pancreas is its lack of a capsule. 
Therefore, the appearance of a pancreatic hema-
toma will look quite different than a hematoma of 
the liver, spleen, or kidney. A central pancreatic 

hematoma may remain contained within the pan-
creas; however, a peripheral hematoma will most 
likely have peripancreatic spread guided by the 
fascial planes of the retroperitoneum and posterior 
peritoneum. The fascial planes of the posterior 
peritoneum and retroperitoneum, if intact, guide 
the distribution of hemorrhage and pancreatic 
fluid. In the child, the pancreas may have nearly no 
surrounding fat, while in adults, even thin adults, 
the pancreas normally lies within a bed of adipose 
tissue which separates it from the nearby organs. 
Deep clefts of fat can penetrate the pancreatic 
parenchyma, which has a lobulated morphology. 
As adults age, varying degrees of fatty involution 
of the pancreas occur.

Functionally, the pancreas is both an exocrine 
and an endocrine organ. Disruption of the exo-
crine system, with ductal leakage of enzymes into 
the adjacent soft tissues, can lead to breakdown 
of the surrounding fat, connective tissue, and vas-
culature. Vascular disruption can lead to enzymes 
entering the bloodstream, triggering a systemic 
response with distant organ failure. It is primar-
ily the leakage of enzymes that is associated with 
delayed regional and systemic morbidity.

5.3	 �Nontraumatic Pancreatic 
Injury and Complications

5.3.1	 �Acute Pancreatitis

Acute pancreatitis is a common etiology of acute 
abdominal pain leading to hospital admission, 
requiring approximately 274,119 hospitaliza-
tions in the United States in 2009 [1]. The aver-
age cost for a single hospital admission for acute 
pancreatitis in the United States was $10,000 per 
patient in 2008 [2]. Having a working knowledge 
of the diagnosis and management of acute pan-
creatitis is paramount for this common and costly 
disease. The spectrum of disease severity ranges 
from transient epigastric pain, most commonly, 
to systemic complications, shock, and death. 
There are a wide range of etiologies of acute 
pancreatitis, with the two most common causes 
in the United States being gallstone pancreati-
tis (38%) and alcoholic pancreatitis (36%) [3]. 
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Imaging plays a vital role in aiding the diagnosis 
in ambiguous causes of abdominal pain, as well 
as in helping to elucidate the cause, and in dem-
onstrating complications of acute pancreatitis.

The most widely accepted and used clinical 
classification system is the Atlanta Classification 
of Acute Pancreatitis, which was revised in 2012 
to improve understanding, management, and com-
munication of the disease, by addressing deficien-
cies identified in the original 1992 version, and 
incorporating new knowledge of the disease. The 
revised 2012 Atlanta Classification establishes 
four major areas to aid clinicians and radiolo-
gists in diagnosis and management of acute pan-
creatitis. These include outlining new criteria for 
the diagnosis of acute pancreatitis, categorizing 
three distinct levels of severity of acute pancre-
atitis, differentiating between two types of acute 
pancreatitis, and defining imaging characteristics 
of pancreatic and peripancreatic collections which 
develop as complications of acute pancreatitis [4]. 
For radiologists to communicate effectively with 
referring clinicians, it is necessary to have a work-
ing awareness of this classification system.

To diagnose acute pancreatitis, two of the fol-
lowing three criteria must be met: abdominal pain 
consistent with acute pancreatitis, serum lipase or 
amylase level greater than three times the upper 
limit of normal, and characteristic imaging find-
ings of acute pancreatitis on intravenous contrast-
enhanced computed tomography (CECT), MRI, 
or ultrasound [4]. Therefore, when acute pancre-
atitis is diagnosed with clinical and laboratory 
data, CT of the abdomen and pelvis is not neces-
sary to verify the diagnosis. However, an abdomi-
nal ultrasound should generally be performed to 
evaluate for gallstones as an underlying etiology. 
In patients for which the diagnosis is ambiguous, 
if the patient does not improve clinically, or if 
complications are suspected, then IV contrast-
enhanced CT (CECT) and/or MRI can aid in 
diagnosis and further management [5].

The two types of acute pancreatitis are inter-
stitial edematous pancreatitis and necrotizing 
pancreatitis. Interstitial edematous pancreatic 
accounts for 85% of acute pancreatitis [6]. In 
the first 4  weeks, an acute peripancreatic fluid 
collection (APFC) may develop as a local com-

plication of interstitial edematous pancreatitis. 
After 4 weeks, if the fluid collection persists, a 
thick capsule develops and the fluid collection is 
defined as a pancreatic pseudocyst (PP). A peri-
pancreatic or intrapancreatic collection, which 
develops as a local complication of necrotiz-
ing pancreatitis, is known as an acute necrotic 
collection (ANC) within the first 4  weeks, and 
as walled-off necrosis (WON) after 4  weeks 
(Table  5.1). Any intraparenchymal collection 
should be considered necrotic. Additional local 
complications include gastric outlet dysfunction, 
vascular complications, and colonic necrosis [4], 
which are discussed in further detail below.

Under the revised Atlanta Classification, strati-
fication of disease severity is divided into mild, 
moderately severe, and severe, based on the pres-
ence and duration of organ failure (respiratory, 
cardiovascular, or renal), local complications, and 
systemic complications. The absence of organ fail-
ure, local complications, and systemic complica-
tions defines mild disease, when mortality is very 
rare [7]. When organ failure develops, but resolves 
within 48  h, the disease is considered moder-
ately severe. Moderately severe disease can also 
be defined when local or systemic complications 
manifest in the absence of organ failure, or are per-
sistent after resolution of transient organ failure. 
Severe acute pancreatitis is defined by persistent 
organ failure longer than 48 h. The mortality rate 
ranges from 36 to 50% in cases of severe acute 

Table 5.1  Definition of collections complicating acute 
pancreatitis

Interstitial edematous 
pancreatitis Necrotizing pancreatitis

Acute peripancreatic 
fluid collection
�  • �Less than 4 weeks
�  • �No discernible 

wall
�  • �No solid 

component

Acute necrotic collection
�  • Less than 4 weeks
�  • �Variable amounts of 

solid component
�  • �Any fluid collection 

within the pancreatic 
parenchyma

Pancreatic 
pseudocyst
�  • �Longer than 

4 weeks
�  • �Well-defined wall
�  • �No solid 

component

Walled-off necrosis
�  • Longer than 4 weeks
�  • �Variable amounts of 

solid component
�  • �Any fluid collection 

within the pancreatic 
parenchyma
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pancreatitis [8–10]. The modified CT severity 
index (mCTSI) is a radiologic grading system used 
to help predict disease severity. Points are assigned 
based on the presence and extent of pancreatic 
inflammation, parenchymal necrosis, and extrapa-
renchymal complications [11]. Clinical predictors 
of disease severity include Ranson’s Criteria and 
APACHE II.

While the Atlanta Classification System 
defines two phases, an early phase consisting of 
the first week and a subsequent late phase, which 
may last weeks to months, the radiologist may 
be better served by dividing phases into the first 
72 h, 72 h to 4 weeks, and longer than 4 weeks, as 
suggested by Zhao et al. [12]. The progression of 
imaging findings, when thought of in these time 
blocks, may be more useful in guiding disease 
management.

IV contrast-enhanced CT is the frontline 
imaging tool used during the initial evaluation 
of acute pancreatitis, as it is readily available in 
the emergency setting, and it offers rapid image 
acquisition, which is preferred with acutely ill 
patients. While cross-sectional imaging is not 
always warranted in the setting of acute pancre-
atitis, imaging is often performed even when a 
patient meets clinical criteria for acute pancre-
atitis. CECT can readily confirm the diagnosis 
of acute pancreatitis. If a patient is diagnosed 
with acute pancreatitis and does not receive a 
CECT, an ultrasound should be performed to 
evaluate for gallstones. If the ultrasound shows 
no gallstones, and no other likely cause for 
acute pancreatitis is found, an MRCP may be 
performed to further evaluate for malignancy, 
pancreatic divisum or other pancreatic anoma-
lies, or occult choledocholithiasis.

Necrotizing pancreatitis has a strong asso-
ciation with moderately severe and severe pan-
creatitis. Early diagnosis could be beneficial in 
management decisions regarding critically ill 
or deteriorating patients. However, frank necro-
sis may not be visible for the first 24–48 h [5, 
13]. Both interstitial edematous pancreatitis 
and necrotizing pancreatitis can demonstrate 
heterogeneous enhancement due to edema and 
ischemia. With CECT, the sensitivity for diag-
nosing pancreatic necrosis within the first 72 h 
is 60–70% [14, 15].

5.3.2	 �Interstitial Edematous 
Pancreatitis, Acute 
Peripancreatic Fluid 
Collections, and Pseudocysts

Interstitial edematous pancreatitis (IEP) repre-
sents the milder form of pancreatitis, and is much 
more commonly encountered. Acute, diffuse 
inflammation of portions of the pancreas or the 
entire pancreas, as well as the surrounding tis-
sues, usually resolves within a week. Initial IV 
contrast-enhanced CT findings typically demon-
strate edema and enlargement of the pancreas. 
In mild IEP, the parenchyma should enhance 
homogeneously, but with lower overall density 
compared to normal secondary to edema. The 
contour of the pancreas may be irregular, and the 
surrounding fat may demonstrate stranding, with 
fluid in the anterior pararenal space and between 
the splenic vein and the pancreatic parenchyma 
(Fig. 5.1).

While CECT is the frontline imaging modality, 
MRI is more sensitive for pancreatic edema. The 
most useful images to assess the pancreatic paren-
chyma for acute inflammation are obtained from 
T2-weighted sequences, which will demonstrate 
a hyperintense and enlarged pancreas. Adjacent 
fat stranding is best assessed with T2-weighted, 
fat-suppressed sequences (Fig. 5.2).

In more severe IEP, the parenchyma will 
appear less dense and acute peripancreatic fluid 
collections (APFC) can develop as fluid leaks 
out of the pancreas. Typically, within the first 
4 weeks of symptom onset, one or more fluid col-
lections develop in the anterior pararenal space 
or lesser sac, conforming to the fascial planes 
with a crescentic or spindle morphology. Rarely, 
APFCs form in the splenic hilum, pelvis, liga-
mentum venosum, or mediastinum. APFCs lack 
a capsule, and are not typically round or ovoid 
in morphology. The fluid within an APFC should 
be homogeneously hypodense on CECT, hyper-
intense on T2-weighted sequences, and hypoin-
tense on T1-weighted sequences. Superinfection 
is uncommon, and 85–95% of APFCs resolve 
spontaneously within the first 4 weeks following 
the onset of symptoms (Fig. 5.3).

After 4 weeks, persistent peripancreatic fluid 
collections develop a fibrous capsule, forming 
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a pseudocyst. Pseudocysts lack an epithelial 
layer and, therefore, do not represent true cysts. 
Pseudocysts are rounded and encapsulated, with 
homogeneous internal components which dem-
onstrate fluid attenuation of less than 15 HU 
and an absence of internal solid components. On 
CECT, the appearance of the fibrous capsule of a 
pseudocyst is variable in thickness, but should be 
smooth and may enhance. Debris may lie depend-
ently within the pseudocyst. On MRI, the pseu-
docyst is typically hyperintense on T2-weighted 
images and hypointense on T1-weighted images, 
and visualized debris is specific for a pseudocyst 
[16] (Fig. 5.4).

Pseudocysts complicate a considerable percent-
age of patients with acute pancreatitis, with recent 

studies finding the incidence of pseudocysts to be 
between 6 and 15% [17–19]. Spontaneous resolu-
tion occurs in 40% of pseudocysts. The capability 
of imaging to be used to predict which pseudocysts 
will become symptomatic and require treatment is 
limited, as size and duration have not been shown 
to be reliable predictors. Numerous complica-
tions related to pseudocysts can occur, including 
erosion of adjacent vessels causing pseudoaneu-
rysm formation, intramural vessels hemorrhaging 
into the pseudocyst, and large pseudocysts induc-
ing mass effect on local structures causing gas-
tric outlet dysfunction, nausea, and early satiety. 
Intervention on pseudocysts is avoided unless they 
are symptomatic or infected. Transgastric or trans-
duodenal/jejunal endoscopic drainage is the stan-

a

b

Fig. 5.1  Acute interstitial edematous pancreatitis on CT. 
(a) 51-year-old man presented with acute abdominal pain, 
nausea, and vomiting. Axial IV contrast-enhanced CT 
image in the portal venous phase demonstrates mild pan-
creatic hypodensity, with edema and peripancreatic fat 
stranding. (b) 14-year-old male presented with abdominal 
pain, nausea, and vomiting. Coronal IV contrast-enhanced 
CT image demonstrates more severe pancreatic edema 
with hypodensity involving the head and body, and more 
severe peripancreatic fat stranding

a

b

Fig. 5.2  Acute interstitial edematous pancreatitis on 
MRI. 31-year-old woman presented with abdominal pain. 
(a) T2-weighted and (b) T2-weighted fat-suppressed axial 
MR images demonstrate hyperintensity within the pancre-
atic body and tail representing edema. Additionally noted 
is a hyperintense acute peripancreatic collection, better 
seen on the fat-suppressed image (arrow). Calculi are 
noted in the gallbladder, and the visualized common bile 
duct is prominent in this patient with presumed recently 
passed calculus, leading to gallstone pancreatitis
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a

b

c

Fig. 5.3  Acute peripancreatic fluid collection on CT and 
MRI. (a) 41-year-old man presented with abdominal pain, 
emesis, and leukocytosis. Axial IV contrast-enhanced CT 
image in the portal venous phase demonstrates a large 
homogeneously hypodense peripancreatic fluid collec-
tion. 31-year-old woman presented with abdominal pain. 
(b) Axial T2-weighted fat-suppressed MR image shows a 
large homogeneously hyperintense peripancreatic fluid 
collection. (c) Axial T1-weighted in-phase MR image 
demonstrates a homogeneously T1 hypointense peripan-
creatic fluid collection. Note the absence of a pancreatic 
capsule on these images

a

b

c

Fig. 5.4  Pseudocyst on CT and MRI. 45-year-old woman 
with a history of chronic pancreatitis secondary to alcohol 
abuse, presented with abdominal pain for 1.5 weeks. (a) 
Axial IV contrast-enhanced CT image in the portal venous 
phase demonstrates an encapsulated hypodense fluid col-
lection posterior to the pancreatic body consistent with a 
pseudocyst. The pseudocyst was unchanged in size from a 
prior CT, and was more than 4 weeks old. Note significant 
mass effect, with anterior displacement of the pancreatic 
parenchyma. (b) T2-weighted and (c) T1-weighted axial 
MR images demonstrate an encapsulated homogeneously 
T2 hyperintense and T1 hypointense fluid collection pos-
terior to the pancreatic body. Note the characteristic T2 
hypointense capsule. Additionally noted are findings of 
chronic pancreatitis, with pancreatic ductal dilation on the 
T2-weighted MR image (white arrow), and calcifications 
within the pancreatic body on CT (black arrow)
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dard procedure for draining pseudocysts, during 
which a fistula is created between the pseudocyst 
and gastric or duodenal lumen, and a transluminal 
stent is placed [20, 21].

5.3.3	 �Necrotizing Pancreatitis, 
Acute Necrotic Collection, 
and Walled-Off Necrosis

Acute necrotizing pancreatitis is the more severe 
local form of pancreatitis, occurring in fewer 
than 20% of patients with acute pancreatitis. 
Necrotizing pancreatitis is divided into three 
morphological subtypes depending on which tis-
sue necroses: pancreatic parenchyma only (less 

than 5%), pancreatic parenchyma and peripan-
creatic soft tissue (75–80%), or peripancreatic 
soft tissue alone (less than 20%) [4, 22]. In addi-
tion to the imaging findings seen with IEP, non-
enhancing areas are seen within the pancreas 
and/or heterogeneous regions are seen within the 
peripancreatic fat. CECT is limited in the evalua-
tion of peripancreatic fat necrosis and, therefore, 
any heterogeneous peripancreatic collection is 
presumed to be necrotic. Necrotic parenchyma 
and peripancreatic fat on MRI will be hypoin-
tense on T1-weighted sequences and will not 
enhance. Necrotic tissue and debris will be 
hypointense on T2-weighted sequences unless it 
is liquefied, thereby leading to hyperintense sig-
nal [23] (Fig.  5.5). When the peripancreatic fat 

a

c d

b

Fig. 5.5  Acute necrotizing pancreatitis on CT and MRI. 
64-year-old man presented with abdominal pain and vom-
iting. (a) Axial and (b) coronal IV contrast-enhanced CT 
images demonstrate a non-enhancing portion of pancreas 
at the body-tail junction with a peripancreatic fluid collec-
tion. (c) Contrast-enhanced T1-weighted fat-suppressed 

MR image shows similar findings to CT, with non-
enhancement of the body-tail junction. (d) T2-weighted 
MR image demonstrates hyperintensity within the pan-
creas, and within the peripancreatic collection, indicative 
of liquefied necrosis
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is hyperintense on fat-suppressed T1-weighted 
sequences, the fat necrosis is hemorrhagic, which 
portends a poor prognosis [24] (Fig.  5.6). MRI 
can be used to better differentiate between fluid 
collections and necrotic tissue, while CECT is 
much more limited for distinguishing between 
the two. Acute necrotic collections are a com-
bination of necrotic soft tissue and the adjacent 
fluid, and to avoid confusion the word “fluid” is 
omitted from the terminology in the revised 2012 
Atlanta Classification.

Within the first 4 weeks after onset of symp-
toms, a collection of necrotic pancreatic paren-
chyma and/or peripancreatic soft tissue with 
adjacent inflammatory fluid is termed an acute 
necrotic collection (ANC). Similar to an APFC, 
a capsule has yet to form around the acute 
necrotic collection, which may be singular or 
multiple in nature. Unlike APFCs, ANCs can be 
intraparenchymal, and may cause main pancre-
atic duct necrosis and disruption. To distinguish 
between an ANC and an APFC, solid material 
within the collection must be identified. On 
CT, an ANC will have a heterogeneous pattern 
of hypodense fluid and irregular, intermediate-
density, necrotic tissue. On T2-weighted MR 
sequences, the necrotic tissue will be hypoin-

tense, and the liquefied portion will be hyperin-
tense [25, 26].

In up to 9% of patients with pancreati-
tis, walled-off necrosis (WON) develops after 
approximately 4  weeks, when a fibrous rim 
encapsulates the ANC in a similar fashion to the 
formation of a pseudocyst. Complications from 
walled-off necrosis include infection, obstruc-
tion of adjacent structures, erosion into the adja-
cent vasculature, and fistula formation [27, 28]. 
Imaging follow-up is recommended for both 
symptomatic and asymptomatic WON. WON is 
most often found in the pancreatic body and tail, 
but can extend into the paracolic gutters.

The imaging characteristics of WON are simi-
lar to pseudocysts. However, walled-off necro-
sis has a much higher possibility of becoming 
infected and, therefore, distinguishing between 
the two entities is important for clinical manage-
ment. Comparison with prior imaging examina-
tions is helpful, as a region of WON will develop 
where previously necrotic tissue was seen. CT 
findings that favor WON over pseudocyst include 
debris with fat attenuation, involvement of both 
the pancreas and peripancreatic tissue, exten-
sion into the paracolic gutters, irregular capsule 
margin, growth of the collection, and any collec-
tion within the pancreas. Pancreatic duct dilation 
greater than 3  mm, likely from a compressive 
effect, favors a pseudocyst [29]. On CT, the 
hyperdense solid component within the walled-
off necrosis may be visualized approximately 
45% of the time. MRI can better differentiate the 
necrotic debris in a similar fashion as with acute 
necrotic collections (Fig. 5.7). MRCP is recom-
mended in this situation, as walled-off necrosis 
is complicated by disconnected pancreatic duct 
syndrome 50–70% of the time [30] (Fig.  5.8). 
The non-liquefied components are typically 
removed by laparoscopic, endoscopic, or percu-
taneous image-guided procedures, or by surgery. 
Currently, a step-up approach is often employed, 
starting with the least invasive method, and pro-
gressing towards more invasive treatments such 
as surgical necrosectomy for patients who do not 
improve or who worsen [31].

Fig. 5.6  Hemorrhagic fat necrosis. 64-year-old man pre-
sented with abdominal pain and vomiting. T1-weighted 
fat-suppressed axial MR image demonstrates hyperinten-
sity surrounding the pancreas, consistent with hemor-
rhagic fat necrosis
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5.3.4	 �Complications: Infection, 
Hemorrhage, Disconnected 
Pancreatic Duct Syndrome

All four types of collections related to acute pan-
creatitis can become secondarily infected. The 
non-liquefied component is much more likely to 
become infected. Infection is typically diagnosed 
2–4 weeks after acute pancreatitis onset [29, 32]. 
The mortality rate of infected pancreatic necrosis 
approximates 30%, and requires intervention or 
surgery, whereas noninfected pancreatic necrosis 
has a reported mortality rate in excess of 10% 
[33]. On CECT, foci of gas within the collection 
are suggestive of infection. In the absence of gas 
but with a clinically suspected infection, fine-
needle aspiration can definitively prove infec-
tion. CT can more reliably detect small foci of 
gas compared to MRI (Fig. 5.9).

The most common vascular complication of 
acute pancreatitis is splenic vein thrombosis, 
which is non-enhancing on CECT (Fig. 5.10). In 
the early phase, pancreatic enzymes can erode the 
wall of the splenic artery, as well as the hepatic 
artery or gastroduodenal artery, leading to the 
much rarer development of a pseudoaneurysm. In 
the late phase, pseudocysts and wall-off necrosis 
can erode the adjacent vasculature with pseudoa-
neurysm development. Pseudoaneurysms have 
the potential to rupture as they increase in size, 
and are associated with a mortality rate of 40% 

a b

Fig. 5.7  Walled-off necrosis on CT and MRI. 40-year-
old man, history of alcohol abuse, prior diagnosis of nec-
rotizing pancreatitis. (a) IV contrast-enhanced axial CT 
image in the portal venous phase demonstrates a thick-
walled collection within and surrounding the pancreatic 

tail, with an irregular margin, in a patient who had pre-
sented with pancreatitis months before. (b) T2-weighted 
axial MR image shows thick-walled collection with het-
erogeneous internal debris, consistent with walled-off 
necrosis

a

b

Fig. 5.8  Walled-off necrosis with disconnected duct on 
MRI. 65-year-old woman with persistent abdominal pain 
several months after the episode of pancreatitis. (a) 
T2-weighted axial MR image demonstrates walled-off 
necrosis within the pancreatic body, with communication 
with the main pancreatic duct (arrow). (b) Coronal MRCP 
image in the same patient shows the collection to be con-
tinuous with the main duct
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[34]. On IV contrast-enhanced CT and MRI, the 
pseudoaneurysm and donor artery demonstrate 
similar enhancement with the rounded pseudoan-
eurysm arising from the donor artery.

Disconnected pancreatic duct syndrome 
develops as a complication of acute necrotizing 
pancreatitis. Pancreatic enzymes continuously 
leak out at the disruption site, which is often at 
the pancreatic neck since this is a vascular water-
shed territory. The enzymes digest the pancre-
atic and peripancreatic tissue, causing necrosis. 
MRCP can be used to evaluate ductal integrity, 
with ERCP used to confirm pancreatic duct dis-
ruption, during which pancreatic duct stents and 
drainage catheters may be placed.

5.3.5	 �Chronic Pancreatitis

Chronic pancreatitis is a progressive inflamma-
tory disorder during which the pancreatic paren-
chyma undergoes fibrotic scarring leading to 
failure of both exocrine and endocrine functions. 
This most often results from a mixture of envi-
ronmental and lifestyle factors, including alcohol, 
cigarettes, and occupational exposure, as well 
as genetic factors. Alcoholic or idiopathic dis-
ease accounts for approximately 90% of chronic 
pancreatitis. Less commonly, patients develop a 
hereditary or autoimmune form of chronic pan-
creatitis. Pain from recurrent bouts of pancreatitis, 
or constant, disabling pain, is the most common 
presenting symptom. Chronic pancreatitis is rela-
tively uncommon, with an estimated incidence 
of 4 per 100,000 and an estimated prevalence of 
42 per 100,000 in the United States from 1997 to 
2006 [35].

The natural history of chronic pancreatitis can 
be divided into early, middle, and late phases. 
The early phase, approximately the first 5 years, 
is characterized by recurrent episodes of acute 
pancreatitis, pain, multiple hospitalizations, and 
interventions. During the middle phase, acute 
pancreatitis occurs less frequently, but intraductal 
calcifications, pancreatic duct strictures, and 
chronic pseudocysts develop (Fig. 5.11). Loss of 
exocrine and endocrine function manifesting as 
malnutrition, and diabetes, characterizes the late 
phase [36].

Fig. 5.9  Infected pancreatic necrosis on CT. 31-year-old 
man presented with abdominal pain. IV contrast-enhanced 
axial CT image in the portal venous phase demonstrates a 
large area of peripancreatic walled-off necrosis, extending 
into the left posterolateral retroperitoneum, which devel-
oped foci of air, consistent with infected necrosis. Note 
the cholecystectomy clip

a

b

Fig. 5.10  Splenic vein thrombosis on CT. 45-year-old 
man presented with abdominal pain. (a) IV contrast-
enhanced axial CT image in the portal venous phase 
shows attenuation of the splenic vein, with intermediate-
density thrombus (black arrow). (b) IV contrast-enhanced 
coronal CT image in the portal venous phase demonstrates 
acute hypodense clot (white arrow) at the portosplenic 
confluence
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The unique imaging findings of chronic pan-
creatitis occur during the middle phase, as the 
imaging findings in the early phase are similar 
to those in acute pancreatitis, and emergency 
imaging is rarely needed in the late phase as the 
pancreas is no longer functioning. MRI/MRCP 
has become the standard imaging examination to 
evaluate chronic pancreatitis, as ERCP precipi-
tates pancreatitis following approximately 4% 
of procedures, though this is not commonly per-
formed in the acute setting [37]. MRCP demon-
strates the main pancreatic duct wall, and when 
augmented by secretin injection prior to imaging 
side-duct disease can also be identified.

Pancreaticoduodenal pancreatitis, previously 
referred to as groove pancreatitis, is a relatively 
rare form of chronic pancreatitis. In the acute 
setting, inflammatory changes secondary to bili-
ary or duodenal obstruction are seen in the pan-
creaticoduodenal groove, which is the potential 
triangular space bordered by the second portion of 
the duodenum, the pancreatic head, and the com-
mon bile duct. In the chronic phase, scar tissue 
forms within this space in the pure form and can 
also involve the pancreatic head in the segmental 
form [37]. When the pancreatic head is involved, 
findings can mimic pancreatic adenocarcinoma. 
Cystic changes and wall thickening of the medial 
duodenal wall near the ampulla can develop. On 
CECT, soft tissue within the groove is seen, and 
may enhance on delayed images (Fig. 5.12a). On 
MRI, the scar tissue will appear hypointense on 
T1-weighted sequences compared to the normal 
pancreatic parenchyma, and iso- to hyperintense 
on T2-weighted sequences, and demonstrates 
delayed enhancement (Fig. 5.12b). If small peri-
ampullary cysts are seen, their presence, as well 
as smooth narrowing of the main pancreatic duct 
by scar tissue, can help differentiate pancreatico-
duodenal pancreatitis from pancreatic adenocar-
cinoma, which irregularly narrows the duct and 
lacks the cystic changes in the duodenum [38].

Autoimmune pancreatitis may also present 
acutely. Patients typically present with jaundice, 
diabetes, weight loss, or pain, but typically do not 
have the acute, severe pain seen with acute pan-
creatitis. Imaging will commonly demonstrate a 
diffusely enlarged pancreas, classically described 

as sausage shaped. There is typically a loss of the 
lobular architecture and, sometimes, a peripheral 
rind or halo of hypoattenuation (Fig. 5.13). The 
main pancreatic duct is typically not dilated, and 
may actually be narrowed. A pitfall in diagnosing 
autoimmune pancreatitis is that only a portion of 

a

b

c

Fig. 5.11  Chronic pancreatitis on CT. CT images from 
three separate patients with known chronic pancreatitis 
who presented with acute abdominal pain. (a) IV contrast-
enhanced axial CT image in the portal venous phase and 
(b) non-contrast axial CT image through the pancreas 
demonstrate multifocal calcifications in the pancreatic 
head (black arrow) and body (white arrow), which are 
related to the patients’ histories of chronic pancreatitis. A 
large ductal calcification is seen in (c) with associated dis-
tal pancreatic and peripancreatic edema, in this patient 
with acute-on-chronic pancreatitis
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the pancreas can be affected, potentially mimick-
ing pancreatic adenocarcinoma.

Pancreatic congenital malformations can 
also lead to recurrent episodes of acute pan-
creatitis and, eventually, chronic pancreatitis. 
The most common malformation is pancreatic 
divisum, which is seen in 5–10% of the popu-
lation [39], which in some patients can lead to 
recurrent acute pancreatitis. Pancreatic divisum 
should be suspected in young people who suffer 
from recurrent episodes of acute pancreatitis, 
as a reported 12–50% of idiopathic pancreatitis 
in young people is associated with pancreatic 

divisum. MRCP should be performed to demon-
strate whether the main pancreatic duct connects 
only to the dorsal duct of Santorini and empties 
through the minor papilla into the duodenum, or 
if the main duct communicates anteriorly with 
the duct of Wirsung and predominantly empties 
through the major ampulla. In the case of pan-
creatic divisum, MRCP will demonstrate two 
distinct non-communicating ducts (Fig.  5.14). 
Annular pancreas is a rare congenital malfor-
mation occurring in 5–15  in 100,000 people 
[40–42]. On CT or MR, pancreatic tissue sur-
rounds the duodenum, and the pancreatic duct 
can be seen encircling the second portion of the 
duodenum. Acute pancreatitis can develop in 
patients with annular pancreas, and is typically 
encountered in children, or in adults in their fifth 
or sixth decade [43] (Fig. 5.15).

a

b

Fig. 5.12  Pancreaticoduodenal pancreatitis on CT and 
MR. 58-year-old man, with a history of recurrent pancre-
atitis, presented with acute abdominal pain. (a) IV 
contrast-enhanced axial CT image in the portal venous 
phase demonstrates hypodense fluid within the pancreati-
coduodenal groove (arrow) in a patient presenting with 
acute abdominal pain. (b) Axial T2-weighted MR image 
demonstrates hyperintensity in and surrounding the pan-
creaticoduodenal groove, consistent with an acute episode 
of pancreatitis

a

b

Fig. 5.13  Autoimmune pancreatitis on CT and MRI. 
69-year-old man presented with abdominal pain, and ele-
vated IgG4. (a) IV contrast-enhanced axial CT image in 
the portal venous phase and (b) T2-weighted axial MR 
image demonstrate focal mass-like enlargement of the 
pancreatic tail. Note the contrast to the atrophic pancreatic 
body
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5.4	 �Traumatic Pancreatic Injury

Penetrating and blunt abdominal trauma rep-
resent two common reasons for imaging in the 
emergency department. In cases of abdominal 
trauma, pancreatic injury nearly always occurs as 
part of multi-organ injury. While injury to other 
abdominal organs is more immediately apparent 
and life threatening, pancreatic injury is unique 
in that while it may be apparent immediately 
after the traumatic event, it may also develop over 
hours, days, or weeks after the initial event, due 
to the release of pancreatic enzymes. Regardless 
of the injury mechanism or evolution, CECT is 
the primary imaging modality for initial evalu-
ation, with MRI/MRCP and ERCP serving as 
critical secondary techniques. Knowledge of the 
most common imaging findings, their anatomic 
location, and when specific injuries are likely to 
manifest after the traumatic event will help the 
radiologist make a rapid and accurate diagno-
sis. Awareness of imaging pitfalls and mimics 
is also critical for accurate diagnosis. In patients 
with the ability to communicate pancreatic injury 
findings and severity with the trauma surgeons 
and intensive care physicians, and to advise on 
the need for any further imaging examinations, is 
critical to injury management.

Penetrating trauma from gunshots or stab  
wounds more frequently leads to pancreatic injury 
than blunt trauma [44]. Isolated injury of the pan-
creas rarely occurs, as it typically requires a bul-
let or knife violating multiple layers of soft tissue 
and adjacent organs before it reaches the pancreas 
in penetrating trauma. In blunt trauma, the severe 
anteroposterior forces requisite for pancreatic 
trauma inevitably lead to concurrent multi-organ 
injury. In blunt trauma, concurrent injuries to the 
liver, stomach, major vasculature, spleen, kidneys, 
and duodenum are most frequently seen [44].

While pancreatic injury is rare, accounting 
for less than 1% of blunt abdominal trauma [45], 
delay in diagnosis can have severe consequences, 
with mortality reported to be up to 16–30% in 
patients who sustain blunt pancreatic trauma. 
However, mortality is directly attributable to 
the pancreatic injury in a small percentage of 
these patients, ranging from 5 to 15% [45, 46]. 

Fig. 5.14  Pancreatic divisum on MRCP. 37-year-old man 
presented with RUQ pain, and elevated pancreatic 
enzymes. 2D maximal intensity projection MRCP image 
shows the main pancreatic duct (white arrow) entering the 
duodenum, separate from the common bile duct

a

b

Fig. 5.15  CT of annular pancreas. 57-year-old man with a 
history of Diffuse large B-cell lymphoma, and surgical clips 
from prior gastric ulcer repair; an annular pancreas was inci-
dentally discovered on lymph node dissection. IV contrast-
enhanced CT images during the portal venous phase in axial 
(a) and coronal (b) planes demonstrate pancreatic tissue 
encircling the second portion of the duodenum
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The main predictive factors of patient outcomes 
include the ductal injury, time to diagnosis and/or 
treatment, and mechanism of injury. A risk factor 
for mortality in up to 40% of patients with pan-
creatic injury is delayed diagnosis. Posttraumatic 
complications occur in 30% of patients with pan-
creatic injury [47–49].

Pancreatic injury from blunt trauma typically 
occurs when severe anterior-to-posterior forces 
compress the pancreas against the spine, injur-
ing the pancreatic neck. Pancreatic neck injury 
is seen in approximately 60% of patients with 
blunt pancreatic trauma, with pancreatic head 
and body/tail injury evenly divided amongst the 
rest [50]. Shearing and rapid rotation are also 
significant forces leading to pancreatic injury. 
Typical scenarios leading to blunt traumatic 
injury include a motor vehicle driver colliding 
with the steering wheel, resulting in compression 
of the upper abdomen, or a passenger slamming 
against the seatbelt during deceleration. In the 
pediatric population, a bicyclist falling into/over 
their handlebars is a more typical scenario. Due 
to lesser degrees of peripancreatic fat, children 
are at greater risk for pancreatic injury from blunt 
trauma. Less common situations include assault 
or sports injury with direct blows to the abdomen.

Knowledge of the traumatic mechanism, such 
as those previously described, and an awareness 
of adjacent organ damage, can give the radiolo-
gist significant insight into where a pancreatic 
injury may have occurred, spurring the radiolo-
gist into more detailed interrogation. Injury to 
the duodenum and liver is more likely to be asso-
ciated with a concomitant pancreatic head injury. 
Damage to the superior mesenteric artery and/
or vein is likely to have an associated injury to 
the pancreatic neck and/or the uncinate process. 
Damage to the stomach may be associated with a 
pancreatic body and neck injury. When an injury 
to the left kidney, spleen, or splenic vasculature 
occurs, concurrent injury to the pancreatic tail 
is more likely. Gunshot and stab wounds are the 
most frequent mechanism of penetrating trauma. 
When evaluating penetrating trauma, injury to 
the duodenum or stomach should alert the radi-
ologist to search for concomitant injury to the 
pancreas.

While injury to adjacent organs can clue 
in the radiologist to a pancreatic injury, these 
injuries can also obscure a pancreatic injury on 
CT.  Several other unique factors pose a chal-
lenge to the radiologist in the initial survey for 
traumatic pancreatic injury. These include imag-
ing techniques and protocols that prioritize more 
commonly injured organs, the overall rarity of 
pancreatic injury, and the often normal appear-
ance of the pancreas on initial imaging.

During the immediate posttraumatic clini-
cal assessment, findings are usually nonspecific, 
and differentiating pancreatic injury from more 
commonly or concomitantly injured abdomi-
nal organs is limited. On physical examination, 
ecchymosis or abrasions along the upper abdo-
men are nonspecific physical examination signs, 
but increase the likelihood that internal abdomi-
nal injury may have occurred. A reliable history 
from patients may be difficult to obtain as patients 
typically have other severe injuries requiring 
intubation or causing them to be altered. Findings 
that normally present during acute pancreatitis, 
such as elevated amylase and lipase, leukocyto-
sis, and burning upper abdominal pain, may not 
develop until a couple of days after the pancre-
atic injury. Within the first 24 h, serum amylase 
or lipase may be within normal limits up to 40% 
of the time [51–53]. When serial serum markers 
continue to rise, a pancreatic injury should be 
assumed in the setting of abdominal trauma.

The early phase, approximately the first 48 h, 
after traumatic pancreatic injury is most critical for 
patient outcomes. The most devastating injuries 
are associated vascular injuries, with hemorrhage 
of the inferior vena cava, splenic vein, or portal 
vein [44, 46, 50]. Pancreatic duct disruption lead-
ing to severe acute pancreatitis and multi-organ 
system failure is the primary factor leading to 
mortality and morbidity after the early phase. The 
most common reported complications include 
posttraumatic pancreatitis, walled-off necrosis, 
and development of pseudocysts. Delayed com-
plications may develop within days, or take weeks 
to years to present. More uncommon, but signifi-
cant, complications include fistula formation with 
adjacent structures caused by leakage of pancre-
atic enzymes, and pseudoaneurysm formation 
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with hemorrhage. When duct disruption occurs, 
the risk for development of an abscess is 25% and 
of a fistula is 50%, while the risk of abscess or fis-
tula development is less than 10% when the main 
duct integrity is intact. Finally, pancreatic duct 
strictures can be a late cause of recurrent acute 
pancreatitis [45].

5.5	 �Imaging

Multi-detector CT plays the primary role in acute 
injury assessment in the setting of blunt and pen-
etrating abdominal trauma. The speed and ease 
of acquisition with computed tomography allow 
for comprehensive evaluation in a timely manner 
that is unmatched by other modalities. MDCT 
provides the ability to create thin slices with 
multi-planar reconstructions (MPR) and three-
dimensional reconstructions which are standard 
in current imaging and which aid in the diagno-
sis of pancreatic injury. Upon presentation at the 
emergency department, a trauma patient will typ-
ically undergo MDCT using a general abdominal 
trauma protocol scan performed during the portal 
venous phase, 70 s after injection of the contrast 
bolus. An optional low-dose, delayed phase of up 
to 5 min can be acquired at the radiologist’s dis-
cretion if parenchymal injury or free fluid is iden-
tified after either a portal venous or a pancreatic 
parenchymal scan, as this can aid in diagnosis 
of abnormalities including active bleeding with 
enlarging hematoma.

Modern CT with improved temporal and spa-
tial resolution has shown significant improve-
ment in the identification of pancreatic injury. 
As previously stated, the integrity of the main 
pancreatic duct and the duration from injury to 
diagnosis are the two most critical predictors of 
outcome following pancreatic injury; therefore, 
early and accurate diagnosis of pancreatic injury 
is critical in limiting morbidity and improving 
the patient’s prognosis. However, CT findings 
can pose a challenge to the diagnostic radi-
ologist as CT findings of pancreatic injury can 
develop slowly, and a normal appearance does 
not exclude pancreatic injury. Findings of pan-
creatic injuries may be absent during the first 

12 h on the initial CT scan in up to 20–40% of 
patients [45, 54, 55].

While the FAST (focused assessment with 
sonography for trauma) examination is often 
employed as part of the trauma workup, ultra-
sound is limited as an examination for evaluat-
ing the pancreas. Peripancreatic fluid may be 
observed on ultrasound, but is a nonspecific find-
ing. Advances in contrast-enhanced ultrasound 
are currently being explored as a possible addi-
tional imaging modality in the setting of pancre-
atic trauma, but it is not currently part of common 
practice and remains impractical. MRCP has lim-
ited utility during initial injury surveillance, but 
is increasingly used as a noninvasive secondary 
tool for the assessment of ductal injury and com-
plications. ERCP can also be used as a secondary 
test to evaluate for ductal injury, with the added 
benefit of intervention to stent an injured duct.

Specific findings of pancreatic trauma include 
laceration, transection or comminution of the 
pancreatic tissue, parenchymal edema, paren-
chymal hematoma, and actively collecting 
hemorrhage between the splenic vein and pan-
creatic parenchyma. A laceration can appear as a 
hypodense line or cleft, with normal parenchyma 
on either side (Fig. 5.16). Complete disruption or 
comminution of the pancreas can cause hypoat-
tenuation of the entire pancreas. Heterogeneous 
enhancement with areas of slight hyperenhance-
ment within the gland itself or in the adjacent 
soft tissue represents hematoma. Fluid between 
the pancreatic parenchyma and the splenic vein 
is seen between 60 and 91% of patients with pan-
creatic trauma and is the most sensitive imaging 
finding in pancreatic trauma [56, 57].

Pancreatic injury from penetrating trauma 
should be considered if a foreign body is retained 
near the pancreas, even when no laceration or 
hematoma is seen. If no retained foreign body is 
seen, such as with a stab wound or a through-and-
through gunshot wound, the bullet trajectory or 
knife wound is extrapolated by considering adja-
cent injuries or tracts of air. These findings can 
lead the radiologist to assume a degree of pancre-
atic injury. The placement of markers on wound 
entry, and exit sites, can aid in the extrapolation 
of the line of injury.
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Information acquired from the initial CT can 
guide further management, including the need 
for surgical intervention or additional imaging 
with MRI/MRCP or ERCP.  Main duct disrup-
tion is usually treated surgically or with stenting, 
while an intact duct is usually treated medically 
(Fig.  5.17). For unstable patients who skip ini-
tial imaging and undergo immediate exploratory 
laparotomy, a 24-h follow-up CT scan can be 
used to identify delayed or initially missed pan-
creatic injury. The retroperitoneal location of the 
pancreas limits evaluation during exploratory 
laparotomy, and injury may not be adequately 
addressed during surgery.

a

b

c

Fig. 5.16  CT and MRI of pancreatic laceration. (a) 
24-year-old man with gunshot wound. IV contrast-
enhanced axial CT image in the portal venous phase dem-
onstrates transection of the pancreatic body-tail junction 
(black arrow), with a surrounding hypodense fluid collec-
tion. (b) 20-year-old woman with multiple stab wounds to 
abdomen. IV contrast-enhanced axial CT image in the 
portal venous phase demonstrates a partial laceration in 
the anterior pancreatic body (black arrow). (c) 
T2-weighted MR image from same patient as in (b) shows 
a subtle hyperintense laceration of the pancreatic body 
(white arrow)

a

b

Fig. 5.17  CT and fluoroscopy of pancreatic laceration. 
30-year-old man, gunshot wound. (a) IV contrast-
enhanced CT image in the late arterial phase demonstrates 
pancreatic transection (arrow) involving the pancreatic 
body, with a surrounding peripancreatic fluid collection. 
(b) Frontal ERCP image demonstrates a stent being 
placed across the transected segment
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The most critical finding to determine whether 
a patient should go to surgery is main pancreatic 
ductal injury. If a pancreatic laceration extends 
through the anteroposterior dimension of the 
pancreas by greater than 50%, loss of ductal 
integrity is assumed [58]. A post-processing 
technique termed minimum intensity projection 
(MinIP), in which thick-slab images are pro-
duced by recording the lowest pixel value, can be 
used to accentuate the main pancreatic duct, and 
has the potential to improve diagnostic accuracy. 
In patients where the diagnosis of ductal injury 
is uncertain and the patient is hemodynamically 
stable, MRCP can serve as an effective problem-
solving test for evaluating the integrity of the 
pancreatic duct, and should be performed within 
24  h of presentation. The sensitivity of MDCT 
and MRCP for the detection of pancreatic duct 
injuries was compared in a prospective study 
by Panda and colleagues, which showed that 
the two modalities performed similarly, and can 
complement each other by increasing diagnostic 
confidence for identification of a pancreatic duct 
laceration [59].

MRCP sequences are produced with heav-
ily T2-weighted two-dimensional and three-
dimensional acquisitions. The pancreatic ductal 
anatomy along with the biliary tract and fluid-
containing structures is readily shown as hyper-
intense, while surrounding soft tissues remain 
hypointense. The spatial relationships are more 
explicit with 3D reconstructions. The pancreatic 
duct can be visualized from the tail to the pancre-
atic head, demonstrating ductal anomalies, and 
allowing for presurgical or pre-ERCP planning. 
Prior to the acquisition of MRI/MRCP imaging, 
secretin, a hormone which stimulates pancreatic 
exocrine secretion, can be given to patients to 
temporary dilate the pancreatic ducts, increasing 
the likelihood of laceration detection.

ERCP is now more commonly performed after 
MRCP in patients who remain equivocal. ERCP 
is the imaging reference standard in the evalua-
tion of duct integrity, and allows for the thera-
peutic intervention with ductal stent placement if 
there is ductal injury. Additionally, a post-ERCP 
MDCT scan using curved-planar reconstruc-
tion along the pancreatic duct can demonstrate 

extravasation of contrast. While ERCP offers the 
advantage for therapeutic intervention, there is a 
risk of complications, particularly acute pancre-
atitis. For the hemodynamically stable patient, 
MRCP holds the advantages of being noninva-
sive and capable of elucidating additional pan-
creatic parenchymal and bile duct injuries.

Imaging pitfalls may obscure pancreatic 
trauma or cause the false appearance of pancre-
atic trauma. Importantly, shortly after trauma, 
CT findings may be entirely absent. Thin patients 
and children may have very little peripancreatic 
fat, which hinders the detection of peripancreatic 
fluid and injury. Normal clefts of fat, extending 
deep into the pancreatic parenchyma, may be 
mistaken for lacerations. After aggressive resus-
citation, which is common in the post-trauma 
patient, fluid can be third-spaced within the fat 
adjacent to the pancreas, which can mimic abnor-
mal fluid or fat stranding. Additionally, hemoret-
roperitoneum from adjacent organs such as the 
kidney may mimic pathologic peripancreatic 
fluid. When assessing a pancreatic laceration for 
ductal injury, the 50% rule is limited when con-
sidering the pancreatic head as the duct courses 
more posteriorly with the head.

The American Association for the Surgery 
of Trauma (AAST) classification system for the 
grading of pancreatic trauma is the most widely 
accepted (Table  5.2). This system defines five 

Table 5.2  AAST grading of traumatic pancreatic 
injuries

Grade Injury Description

I Hematoma Minor contusion without duct 
injury

Laceration Superficial laceration without 
duct injury

II Hematoma Major contusion without duct 
injury

Laceration Major laceration without ductal 
injury or tissue loss

III Laceration Distal transection or 
parenchymal injury with duct 
injury

IV Laceration Proximal transection or 
parenchymal injury involving 
the ampulla

V Laceration Massive disruption of the 
pancreatic head
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grades (I–V) for assessing severity. The key com-
ponents used for evaluating severity are (1) depth 
of laceration, (2) size of hematoma or contusion, 
(3) integrity of the main duct, (4) complete dis-
ruption of the pancreas, and (5) specific anatomic 
sections of the pancreas which are involved. 
Injuries closer to the head receive a higher grade. 
Mortality for grade I and II injuries is approxi-
mately 7%, while grade III and IV injuries have a 
29% mortality rate [44, 60].

5.6	 �The Postsurgical Pancreas

Both acute and chronic complications from 
pancreatic surgery or procedures can neces-
sitate emergent abdominal imaging. Surgical 
procedures for resection of pancreatic or peri-
ampullary masses or for trauma include pan-
creaticoduodenectomy, commonly known as 
a Whipple procedure, central pancreatectomy, 
distal pancreatectomy, and total pancreatectomy. 
Drainage procedures used to treat chronic pan-
creatitis, which has become unamenable to med-
ical management, include the Frey and Puestow 
procedures. Creation of anastomosis is part of 
nearly all of these procedures, while resection 
of adjacent organs is also common. Familiarity 
with the surgical techniques and postsurgical 
anatomy is critical in the evaluation of postsurgi-
cal complications.

During the Whipple procedure, the pancreatic 
head, distal common bile duct, duodenum, gas-
tric antrum, and a short segment of the proximal 
jejunum are resected. The surgery is completed 
by creation of three anastomoses: pancreati-
cojejunostomy, hepaticojejunostomy, and gas-
trojejunostomy. When a modified version with 
preservation of the pylorus and first 2  cm of 
the duodenum is performed, a duodenojejunos-
tomy is created instead of a gastrojejunostomy. 
Shortly after surgery, expected findings include 
pneumobilia and air within the main pancreatic 
duct, as well as edema of the gastrojejunostomy, 
fluid collections, and reactive lymphadenopa-
thy. Complications occur following approxi-
mately 40% of pancreaticoduodenectomies, and 
mortality is approximately 2% [61, 62]. Delayed 

gastric emptying is the most common compli-
cation, which is more typically seen after the 
pylorus-preserving method. Pancreatic fistulas 
occur in 17%, and can develop to adjacent organs 
or spaces [63]. Anastomotic leakage occurs in up 
to 30% of patients [62], most often occurring at 
the pancreaticojejunal anastomosis, with associ-
ated acute pancreatitis of the remnant pancreas 
(Fig. 5.18).

The central, distal, and total pancreatecto-
mies are performed much less often than the 
pancreaticoduodenectomy. The central pan-
createctomy involves resection of the pancre-
atic neck and/or body, with suturing of the cut 
ends of the pancreatic duct, which is usually 
followed by anastomosis of the distal pancre-
atic tail with the jejunum. This procedure is 
primarily used to treat trauma or chronic pan-
creatitis. Anastomotic leak is the most com-
mon complication, with acute pancreatitis, 
hemorrhage, and fluid collections occurring 
less often [64]. Unlike alternative pancreatic 
resection procedures, the distal pancreatectomy 
does not involve creation of an anastomosis as 
the cut end is simply sutured shut. Pancreatic 
fistulas develop in 5% of patients, with other 
complications including abscess formation and 

Fig. 5.18  CT of transient anastomotic leak. Non-contrast 
axial CT image of a patient who underwent a Whipple 
procedure for a pancreatic head mass. Three air-contain-
ing postoperative fluid collections (arrows) were noted 
14 days after surgery. The amount of air in the collections 
suggested origin from the gastrojejunal anastomosis. The 
patient did well after catheter drainage
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small-bowel obstruction [65]. During a total 
pancreatectomy, the entire pancreas is resected, 
and two anastomoses are created: a hepaticoje-
junostomy and a duodenojejunostomy.

Drainage procedures, including the Puestow 
and Frey, are typically indicated for intractable 
chronic pancreatitis. The pancreatic main duct 
is usually dilated greater than 6 mm in patients 
selected to undergo these procedures. A horizon-
tal pancreaticojejunostomy is performed along 
an 8–10  cm segment of the pancreatic duct to 
a Roux-en-Y loop of jejunum. The Roux-en-Y 
loop lies ventral to pancreatic body, and can be 
mistaken for an abscess on imaging if the sur-
gical history is unknown. The Frey procedure 
involves excavation of the pancreatic head, while 
preserving the common bile duct, followed by a 
similar pancreaticojejunostomy to the Puestow 
procedure. If the vascular supply to the pancre-
atic head is damaged during surgery, ischemia 
can cause necrosis of the common bile duct or 
duodenum.

IV contrast-enhanced CT is again the initial 
imaging modality most often employed to assess 
for postsurgical complications. If enteric con-
trast is used, it can help differentiate bowel from 
a fluid collection as well as improve detection 
of fistulae. An initial non-enhanced CT could be 
considered to evaluate for hemorrhage and cal-
cifications. Assessment of each anastomosis is 
critical, and the presence of extraluminal enteric 
contrast is definitive evidence of a leak, while 
fluid pooling around the anastomosis or extralu-
minal air strongly suggests a leak. Foci of air in 
unexpected locations can also imply a fistulous 
tract or an abscess. In addition to anastomotic 
insufficiency, early complications (less than 
30 days) include intra-abdominal abscess, pan-
creaticojejunal fistula, remnant pancreatitis, and 
hemorrhage. MRI/MRCP represents an impor-
tant secondary test for the evaluation of the pan-
creatic duct, as well as for fistulae. In the later 
phases, chronic complications include gastric 
outlet obstruction and bowel obstruction from 
stricture formation of the anastomoses, biliary 
duct dilation from hepaticojejunostomy struc-
turing, chronic fistula, and peri-anastomotic 
ulcers [66].

5.7	 �Summary

Having a working knowledge of emergency 
pancreatic imaging is critical for anyone who 
interprets imaging in the emergency depart-
ment setting. Being able to detect the often sub-
tle findings in pancreatic trauma, knowing how 
to evaluate for ductal injury, and knowing the 
complications of acute pancreatitis and what to 
look for, can potentially significantly improve 
patient management and outcomes. Knowledge 
of the etiologies and variants of pancreatitis can 
also be helpful in order to ensure that patients 
are directed towards the appropriate treatment. 
Postoperative pancreatic imaging is always 
challenging, and having a basic knowledge of 
the procedures and altered anatomy is crucial 
in making an accurate diagnosis. Finally, it is 
important to have a fundamental understand-
ing of the organizational classification systems, 
particularly the revised Atlanta Classification 
System and AAST trauma grading, in order to 
effectively communicate with our colleagues 
in other fields who work with these systems 
routinely.
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Abstract

Bowel obstruction and ischemia are com-
mon causes of the acute abdomen, with 
potential for morbidity and mortality if not 
recognized promptly. Multidetector com-
puted tomography is the current imaging 
standard for establishing these diagnoses, 
but emerging techniques including dual-
energy computed tomography and magnetic 
resonance angiography are being utilized 
with increased frequency. Radiologists must 
understand the imaging techniques available 
for evaluating intestinal obstruction and 
ischemia in order to provide effective and 
timely care to patients in the emergency and 
acute inpatient setting.
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6.1	 �Bowel Obstruction

6.1.1	 �Introduction

Intestinal obstruction is a common condition 
representing either mechanical or functional 
obstruction of the small or large bowel, result-
ing in impaired transit of its luminal contents. It 
is an important cause of morbidity and mortal-
ity, accounting for upwards of 15% of emergency 
department visits for acute abdominal pain [1]. 
The majority of patients with intestinal obstruc-
tion can be adequately treated with conservative 
nonoperative management, including nasogastric 
tube decompression, if appropriate [2]. However, 
if strangulation or ischemia is present, the mor-
tality rises, particularly if surgical management 
is delayed [3]. Imaging is a critical component 
in the evaluation of suspected bowel obstruction 
and its associated complications, and the poten-
tial for morbidity and mortality in these patients 
emphasizes the need for the radiologist to make 
an accurate and timely diagnosis.

6.1.2	 �Pathophysiology

A bowel obstruction may be partial or complete. 
In a partial small bowel obstruction (SBO), some 
of the luminal contents are able to pass distal to 
the point of obstruction, whereas in complete SBO, 
no contents can move distally [4]. The progressive 
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distension of small bowel loops proximal to the 
site of obstruction produces several physiologic 
alterations. Vomiting results in volume depletion 
and hypokalemic metabolic alkalosis [5]. Stasis 
of bowel contents leads to overgrowth of intesti-
nal flora, which can result in bacterial transloca-
tion across the bowel wall [6, 7]. As the obstructed 
bowel progressively dilates, the intraluminal pres-
sure may exceed systemic venous pressures, and 
venous drainage will be impaired. Eventually, arte-
rial flow to the bowel will be compromised, result-
ing in ischemia, necrosis, and perforation [8].

While patients with SBO usually present with 
acute onset abdominal pain, nausea, vomiting, 
and abdominal distension, patients with large 
bowel obstruction (LBO) typically present with 
more insidious symptoms of abdominal pain, 
constipation, and gradual abdominal distension 
[3]. If the ileocecal valve is competent (approxi-
mately 75% of patients), the obstruction cannot 
decompress into the small bowel, and a LBO will 
result in a closed-loop obstruction [9]. The cecum 
is the most capacious portion of the colon and as 
it progressively dilates, this segment is at greatest 
risk for ischemia, necrosis, and perforation [10]. 
If the ileocecal valve is incompetent, however, 
the LBO will decompress into the small bowel, 
and the appearance can mimic a distal SBO [11].

6.1.3	 �Epidemiology and Etiology

Bowel obstruction may be functional in nature, 
related to dysfunction of the splanchnic inner-
vation or muscular wall, or mechanical due to a 
physical barrier to the passage of luminal contents. 
Functional small bowel dilatation is often referred 
to as “adynamic ileus” or “paralytic ileus,” and is 
frequently seen postoperatively, as a side effect of 
opioid use, or in the setting of abdominal infec-
tion or inflammation including pancreatitis, diver-
ticulitis, or appendicitis [5]. Functional dilatation 
of the colon is termed subacute chronic pseudo-
obstruction (ACPO) or Ogilvie’s syndrome [12]. 
Ogilvie’s syndrome, which may apply to either 
sub-acute or chronic colonic pseudo-obstruction.

In the United States, the most common cause 
of mechanical SBO is adhesions, followed 
by hernias and malignancies, which together 

account for more than 80% of all causes of SBO 
[4, 13]. Less common etiologies of mechanical 
SBO include volvulus, stricture, intussusception, 
foreign bodies, and iatrogenic causes [3]. LBO is 
four to five times less common than SBO in the 
United States. Obstructing colonic malignancy is 
by far the most common cause of LBO (>60%), 
followed by colonic volvulus and diverticulitis, 
and less commonly hernias, inflammatory bowel 
disease, extrinsic compression, and intraluminal 
contents causing obstruction [14]. While adhe-
sions are a common cause of SBO, they are very 
rarely the etiology of LBO [11].

In addition to being partial or complete, SBO 
can be subclassified as simple obstruction or 
closed-loop obstruction. A simple obstruction 
occurs when the bowel is obstructed at one or 
more points along its course, while closed-loop 
obstruction occurs when two points of intestine 
are obstructed at a single site, which produces a 
“C” or “U”-shaped configuration when a short 
segment is involved, and prone to volvulus, vas-
cular compromise, and ischemia [15].

6.1.4	 �Bowel Obstruction Imaging

6.1.4.1	 �Small Bowel Obstruction
While radiography has relatively low accuracy 
and specificity for bowel obstruction, it may 
be the first imaging examination obtained in 
patients with suspected bowel obstruction [8]. 
Radiographs of the abdomen and pelvis should 
be obtained with upright or decubitus views if 
there is clinical concern for bowel obstruction. 
Upright or decubitus views permit identification 
of pneumoperitoneum and air-fluid levels, which 
may not be seen if only supine views are obtained 
[3]. Dilated small bowel loops containing air-
fluid levels wider than 2.5  cm and differing by 
more than 2 cm in height within the same loop 
are generally accepted radiographic criteria for 
SBO [16].

If there is clinical concern for bowel obstruc-
tion, most patients will undergo computed 
tomography (CT). At our institution, in patients 
with suspected SBO, multidetector CT (MDCT) 
images are obtained without the use of oral con-
trast through the abdomen and pelvis. Iodinated 
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IV contrast is recommended if there are no con-
traindications to its administration. IV contrast 
improves detection of ischemia which may be 
associated with SBO, helps identify extraluminal 
fluid collections, and also aids in detecting alter-
native diagnoses which may account for the 
patient’s symptoms.

The radiologist must make several specific 
observations when presented with a patient with 
suspected SBO. The first task is to determine if 
a SBO is present, defined as dilation of small 
bowel loops proximal to the obstruction mea-
suring greater than 2.5  cm in diameter, often 
associated with intraluminal air-fluid levels [17] 
(Fig.  6.1). After confirming the presence of a 
SBO, the radiologist must make a determina-
tion of the severity of obstruction. In high-grade 
obstruction, there is greater than 50% difference 
in caliber between the dilated loops proximally 
and collapsed bowel distally [18]. While positive 
oral contrast is not typically administered prior to 
CT at our institution, the presence of oral contrast 
material beyond the site of obstruction is indica-
tive of a partial obstruction (Fig. 6.2) [19]. The 
presence of intraluminal particulate material may 
be identified in the dilated loops of small bowel 
(“small bowel feces sign”), and can help deter-
mine the site of the obstruction, but this finding 
is not reliable in determining the severity of the 
obstruction [20] (Fig. 6.3).

Identifying the site of obstruction (transition 
point) should always be sought when a SBO is 
suspected. The transition point is identified on CT 
as the site of focal caliber change between dilated 
proximal and collapsed distal small bowel loops 
[18] (Figs. 6.1, 6.4, 6.5, 6.6). Applying a system-
atic approach of following the entire course of 
the bowel in an antegrade or retrograde fashion 
will usually successfully reveal the transition 
point [21]. The use of multiplanar reconstruc-
tions (MPR)—particularly coronal reformatted 
images—and determining which segments of 
small bowel contain fecalized material—is use-
ful for determining the site of obstruction [13].

Recognizing closed-loop bowel obstruction 
is of paramount importance, as this particu-
lar configuration of obstruction is at high risk 
for strangulation and ischemia [3]. The typi-
cal appearance of a closed-loop obstruction, as 

noted above, is a fluid-filled dilated segment of 
bowel in a “C” or “U”-shaped configuration, with 
stretched and prominent mesenteric vessels con-
verging in a radial distribution toward the point of 
fixation [15] (Fig. 6.7). A long-segment closed-
loop bowel obstruction may also manifest as a 
“balloons-on-a-string” appearance, representing 
several adjacent loops of dilated fluid-filled small 
bowel radiating from a single point. The narrow 
pedicle at the point of fixation is prone to torsion, 
producing a small bowel volvulus which may 

a

b

Fig. 6.1  41-year-old male with partial small bowel 
obstruction. Axial (a) and coronal reformatted CECT 
images (b) demonstrate dilated fluid-filled small bowel 
loops with air-fluid levels (arrowheads) compatible with 
small bowel obstruction, with transition point in the right 
mid abdomen (curved arrow)

6  MDCT and MRI of Bowel Obstruction and Ischemia
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produce a “whirl sign,” representing the twisted 
mesentery and vessels [21]. A closed-loop 
obstruction associated with ischemia is known as 
a strangulated obstruction, and this condition will 
be described in detail in the subsequent discus-
sion on intestinal ischemia.

6.1.4.2	 �Large Bowel Obstruction
Radiographs may be the first imaging examina-
tion performed in patients with abdominal pain 
and LBO [9]. The colon is considered dilated 
when it is greater than 6 cm in diameter, with the 
exception of the cecum which can measure up 
to 9 cm in diameter in normal individuals. LBO 
is recognized radiographically as dilation of the 
colon proximal to a site of obstruction, with a 
paucity of gas distally [11]. Occasionally, air-
fluid levels in the colon may be seen with LBO, 
which may indicate that the LBO is more acute 
as the intraluminal colonic fluid has not been 
present for sufficient time to allow absorption 
[3]. Dilation of the colon may be seen with sev-
eral other conditions in addition to LBO, includ-
ing colonic ileus, toxic megacolon, and colonic 
pseudo-obstruction. Distinguishing between 

LBO and colonic pseudo-obstruction may be dif-
ficult on the basis of radiography alone, and CT 
should be obtained in patients where the diagno-
sis is not clear [11].

CT is the imaging examination of choice 
in the evaluation of suspected or known LBO, 
with sensitivity and specificity of 96% and 93%, 
respectively [22]. The findings of LBO on CT are 
dilated large bowel proximal to a transition point, 
and collapsed colon distal to the obstruction 
[23]. CT should be performed with IV contrast 
if there are no contraindications, as it improves 
the ability to detect an obstructing colonic mass, 
as well as signs of inflammation and/or ischemia 
[11]. The use of oral contrast in the acute set-
ting causes delays in obtaining the CT in patients 
who may need urgent treatment, distends the 
bowel which may simulate an obstruction, and 
can obscure the mucosa, making detection of 
associated ischemia more difficult [24]. While 
rectal contrast is not routinely administered and 
generally not necessary, retrograde rectal admin-
istration of water-soluble iodinated contrast can 
be useful in selected patients for distinguishing 
between LBO and colonic pseudo-obstruction 

a b

Fig. 6.2  41-year-old male with partial small bowel 
obstruction. The supine abdominal radiograph obtained 
on admission (a) shows dilated air containing small  
bowel loops with a stacked appearance (arrowheads) and 
normal caliber colon, compatible with small bowel 
obstruction. Air-fluid levels are not seen due to the supine 

positioning of the patient. The follow-up radiograph 
obtained after placement of a nasogastric tube (b) demon-
strates persistent air-distended small bowel loops but oral 
contrast administered previously has reached the colon 
(arrows), indicating a partial small bowel obstruction
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[25], and can also help to confirm or exclude 
colonic volvulus [3].

Obstructing colon carcinoma is the most com-
mon cause of LBO (>60%), and occurs most fre-
quently in the sigmoid colon and at the splenic 
flexure [26]. CT findings include annular or 
eccentric short-segment wall thickening, or an 
enhancing soft-tissue mass which narrows the 
colonic lumen [27] (Fig. 6.8). Right-sided tumors 
with an incompetent ileocecal valve can mimic 

distal SBO, while left-sided tumors cause diffuse 
colonic distension with transition at the level of 
the obstruction to smaller caliber more distal colon 
[11]. Colon cancer may mimic acute diverticuli-
tis if there is pericolonic spread and associated 
infiltration of the pericolonic fat, and optical colo-
noscopic follow-up may be indicated in selected 
patients with what appears to be acute diverticuli-
tis on CT, to evaluate for an underlying mass [28].

Acute colonic volvulus is defined as twisting 
of the colon upon itself and accounts for approxi-
mately 10–15% of LBO [22]. Colonic volvulus, 
particularly sigmoid volvulus, is most com-
monly seen in the elderly, who are predisposed 
to this condition due to a mobile and redundant 
sigmoid colon. Cecal volvulus is more common 
in younger patients, particularly those with mal-
rotation or chronic motility disorders. Volvulus 
of other portions of the colon is very rare [9]. 
Similar to closed-loop small bowel obstruction, 
volvulus predisposes to vascular compromise, 
which will eventually lead to ischemia, necrosis, 
and perforation. A variety of classic radiographic 
signs of colonic volvulus have been described, 
including the “coffee bean” sign and the “bird 
beak” sign, which represent apposition of the 
medial walls of a dilated loop of colon simulating 
a cleft in a coffee bean (Fig. 6.9), and a smooth 
tapering transition point at the site of obstruction, 
respectively [29]. CT is superior to radiography 
in demonstrating distended colon in an abnormal 
location (classically the right upper abdomen in 
sigmoid volvulus, and the left upper abdomen in 
cecal volvulus, although it is variable, especially 
in cecal volvulus). The “whirl” sign may also be 
evident—the spiraled appearance of engorged 
mesenteric vessels radiating from the twisted 
segment of colon at the site of obstruction [30] 
(Fig. 6.9). The primary treatment of colonic vol-
vulus is endoscopic detorsion followed by elec-
tive resection, although patients with sepsis or 
peritonitis should be taken directly to the oper-
ating room without attempting endoscopic treat-
ment [31].

Acute colonic pseudo-obstruction is an 
important mimic of LBO.  ACPO is defined as 
acute dilatation of the colon due to interrupted 
autonomic innervation [32], and is character-

a

b

Fig. 6.3  82-year-old male with distal small bowel 
obstruction secondary to an impacted metallic foreign 
body. Axial (a) and coronal reformatted CECT images (b) 
demonstrate diffusely fluid-filled distended small bowel 
loops. There is transition at the level of the terminal ileum 
(arrows) where there is a large volume of fecalized intra-
luminal material

6  MDCT and MRI of Bowel Obstruction and Ischemia
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a b

c

Fig. 6.4  47-year-old male with small bowel obstruction 
secondary to an incarcerated umbilical hernia. Upright 
abdominal radiograph (a) demonstrates dilated small 
bowel loops with differential air-fluid levels (arrows) 
compatible with small bowel obstruction. A rounded area 
of increased opacity is seen overlying the pelvis (asterisk), 
which corresponded to an obvious midline bulge on 

physical exam. Axial CECT (b, c) demonstrates a midline 
umbilical hernia containing dilated small bowel and fluid 
(arrowhead), and there are dilated small bowel loops with 
air-fluid levels proximally (arrows). Ascites (asterisk) 
was due to underlying cirrhosis, and there was no evidence 
of ischemia at the time of surgery

a b

c

Fig. 6.5  78-year-old male with an impacted gallstone 
resulting in small bowel obstruction (gallstone ileus). 
Coronal reformatted image from a CECT (a) demon-
strates dilated fluid-filled small bowel loops compatible 
with small bowel obstruction and small amount of pneu-
mobilia (arrowhead). Axial CECT (b) demonstrates a 
large round high attenuation intraluminal mass within the 

distal small bowel (arrow) at the transition point of the 
small bowel obstruction, representing a large gallstone 
within the small bowel lumen. Axial CECT (c) demon-
strates the presence of intraluminal gas within the gall-
bladder (curved arrow), which is inseparable from the 
adjacent small bowel (dashed arrow), consistent with 
cholecystoenteric fistula
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a c

d

b

Fig. 6.6  70-year-old 
male with small bowel 
obstruction due to 
ingested foreign body. 
Axial NECT images  
(a, b) demonstrate dilated 
fluid-filled small bowel 
loops consistent with 
small bowel obstruction. 
The transition point is 
located at an intraluminal 
foreign body which 
contains linear high 
attenuation and 
rectangular gas 
containing components 
(arrow, b, c). At the time 
of small bowel resection, 
the foreign body was 
identified to be a pill 
which had not been 
removed from its outer 
packaging (d)

a b

c

Fig. 6.7  65-year-old male with closed loop bowel 
obstruction and ischemia. Upright abdominal radiograph 
(a) demonstrates no dilated bowel loops or air-fluid levels 
and was interpreted as normal. Axial (b) and coronal 
reformatted images from CECT (c) show a dilated fluid-
filled loop of small bowel in a “U”-shaped configuration 
with stretched and prominent mesenteric vessels converg-

ing in a radial fashion to the point of fixation (arrow). 
There is associated edema within the mesentery (asterisk) 
and high attenuation thickening of the obstructed strangu-
lated small bowel (arrowhead) representing intramural 
hemorrhage. This case exemplifies the increased sensitiv-
ity of CT compared to radiography in diagnosing small 
bowel obstruction
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ized by colonic dilatation with preserved haus-
tration and normal wall thickness, usually with 
minimal intraluminal fluid content [33]. It can 
be challenging to distinguish ACPO from LBO 
on radiography. Positioning the patient in the 

right lateral decubitus and/or prone position to 
demonstrate air filling the distal colon may be 
successful in differentiating ACPO from LBO 
[34] (Fig. 6.10). In patients where the diagnosis 
remains uncertain, contrast enema or CT are use-

a b

Fig. 6.9  68-year-old male with sigmoid volvulus. Supine 
abdominal radiograph (a) shows markedly dilated large 
bowel in the right upper quadrant with an inverted “U” 
configuration. The coffee bean sign is evident, with the 
medial walls of the dilated sigmoid colon volvulus form-
ing the central cleft (arrow) and the lateral walls of the 

sigmoid colon representing the outer contour of the 
“bean” (short arrows). Gallstones are also visualized in 
the right hemiabdomen (curved arrow). Coronal refor-
matted image from CECT (b) demonstrates the “beak 
sign” and whirling of the mesentery at the site of volvulus 
(arrow)

a c

b

Fig. 6.8  75-year-old 
male with large bowel 
obstruction due to colon 
cancer with perforation. 
Axial (a, b) and coronal 
reformatted images from 
CECT (c) demonstrate 
distension of proximal 
large bowel with 
pseudopneumatosis 
(curved arrows) 
secondary to a 
circumferential 
soft-tissue mass at the 
hepatic flexure (arrows). 
Scattered foci of 
extraluminal gas are 
present in the abdomen 
(arrowheads)
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ful to exclude the presence of a transition point 
[35]. While the entire pathophysiology of ACPO 
remains unclear to our knowledge, the principal 
treatment is with parasympathomimetic drugs 
and/or endoscopic decompression [36, 37]. 
Distension of the colon in the setting of ACPO, 
particularly the cecum, puts these patients at risk 
for ischemia and perforation, with a reported 
incidence of 15%, and a mortality of approxi-
mately 50% [38].

6.2	 �Bowel Ischemia

6.2.1	 �Introduction

Bowel ischemia refers to hypoxic injury to small 
and/or large bowel and is estimated to represent 
approximately 1% of all patients presenting 
with an acute abdomen [39]. Acute mesenteric 
ischemia is generally reversible if recognized 
promptly, but if the diagnosis is delayed, isch-
emia may progress to infarction, which has a 
mortality of 60–90% [40, 41]. The widespread 
availability of CT and magnetic resonance 
imaging (MRI) and their ability to reveal the 

severity and extent of ischemic changes has 
firmly established the role of these imaging 
modalities in the evaluation of patients with 
suspected or known bowel ischemia. Recent 
advancements in imaging technology, includ-
ing dual-energy CT (DECT), are also being 
utilized with increasing frequency in evaluating 
patients with bowel ischemia. Experience and 
proficiency with emerging imaging techniques 
will benefit radiologists, surgeons, and clini-
cians in the years to come.

6.2.2	 �Pathophysiology

The bowel receives approximately 20% of 
the total cardiac output under normal circum-
stances. Splanchnic autoregulation can nearly 
double perfusion to the bowel postprandially 
[42]. Conversely, in critical situations such as 
hypovolemic shock, intestinal perfusion may be 
reduced to only 10% of the cardiac output [43]. 
In addition to systemic autoregulation, vasoac-
tive substances including vasopressin and angio-
tensin play an important role in regulating local 
intestinal perfusion [44]. The balance of systemic 

a b

c

Fig. 6.10  81-year-old male with colonic pseudo-obstruc-
tion. Supine abdominal radiograph (a) demonstrates 
markedly dilated air-filled large bowel loops. The differ-
ential diagnosis for this appearance includes large bowel 
obstruction and colonic pseudo-obstruction. Subsequently, 

the patient underwent contrast enema (b, c), which shows 
retrograde opacification of the entire colon and refluxed 
contrast into the small bowel, without evidence of a tran-
sition point. The patient was managed with anticholiner-
gic therapy
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and local autoregulatory mechanisms can gener-
ally maintain viability of the bowel at systolic 
blood pressures greater than 70 mm Hg. Ischemia 
becomes likely when the systolic blood pressure 
drops below this level [45, 46].

Hypoxic ischemia of the bowel promotes the 
release of various substances into the splanch-
nic circulation, including cytokines and tumor 
necrosis factor, which potentiate breakdown of 
the mucosal barrier and damage to the bowel 
wall, thereby increasing the likelihood of bacte-
rial translocation and sepsis [47]. The presence 
of intraluminal bacteria and toxins, as well as the 
production of free radicals during reperfusion of 
the ischemic segment of bowel, further contrib-
utes to the pathogenesis of intestinal ischemia 
and necrosis [48].

If ischemic damage to the intestinal wall is 
limited to the mucosa, it is generally reversible 
and the mucosa will eventually heal completely 
[49]. When ischemia involves the deeper submu-
cosal and muscular layers, fibrosis and stricture 
formation may result as a consequence of local 
reparative changes [50]. Transmural ischemic 
involvement of all bowel wall layers is most 
severe, carries a high mortality rate, is frequently 
associated with perforation, and is a surgical 
emergency [51].

6.2.3	 �Epidemiology and Etiology

Acute bowel ischemia comprises two distinct 
pathologic entities—acute mesenteric ischemia 
and ischemic colitis. Acute mesenteric ischemia 
is less common than ischemic colitis, but is asso-
ciated with greater morbidity and mortality [3]. 
The incidence of acute mesenteric ischemia has 
been estimated at 12.9 per 100,000 person-years 
and affects 2–3 people per 100,000 [52–55].

Acute arterial occlusion related to thrombosis 
or distal embolization comprises the majority of 
patients with acute mesenteric ischemia, approxi-
mately 60–70% [56]. It is noteworthy, however, 
that these estimates are based on surgical series 
and likely underestimate the incidence of nonoc-
clusive mesenteric ischemia. Several conditions 
may result in occlusion of the mesenteric arterial 

system, including atrial fibrillation, atherosclero-
sis, arterial dissection, vasculitis, hypercoagula-
ble states, and iatrogenic causes [57]. Generally, 
proximal occlusion of only one of the main vis-
ceral arteries (celiac, superior mesenteric artery, 
or inferior mesenteric artery) is compensated by 
collateral circulation, while distal arterial occlu-
sions and lack of collateralized flow usually lead 
to the most severe ischemic damage to the bowel 
[41]. In contrast to acute mesenteric ischemia, 
ischemic colitis typically occurs with nonocclu-
sive low-flow states and subsequent hypoperfu-
sion to the bowel [58].

Venous occlusion causes 5–10% of acute 
mesenteric ischemia and is seen in the setting of 
a variety of causes of a hypercoagulable state, 
including infection, inflammatory conditions, or 
neoplasia [59]. Mesenteric venous thrombosis is 
highly associated with the development of hem-
orrhagic infarction from disrupted venous out-
flow and congestion of the bowel wall [4].

Acute nonocclusive mesenteric ischemia 
comprises the remaining 20–30% of patients 
and includes low-flow states, including hypo-
volemic shock, cardiac failure, arrhythmia, and 
administration or ingestion of various medica-
tions and illegal drugs [55, 56]. Ischemic injury 
may be reversible and localized to watershed 
areas, or it can be severe and diffuse. An impor-
tant nonocclusive cause of mesenteric ischemia 
is mechanical bowel obstruction, either in the 
setting of strangulated obstruction or distention 
of bowel loops proximal to an obstruction such 
that the intraluminal pressure within the dilated 
loops of bowel results in impaired perfusion [4]. 
Strangulating obstruction is a form of mechanical 
bowel obstruction which is associated with bowel 
ischemia and represents approximately 10% of 
all patients with small bowel obstruction [60, 61].

6.2.4	 �Imaging

6.2.4.1	 �Computed Tomography 
Angiography Technique

Multidetector computed tomography angiog-
raphy (CTA) is the most effective noninvasive 
imaging examination in the evaluation of patients 
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with suspected acute bowel ischemia and has high 
sensitivity, excellent spatial resolution, wide-
spread availability, rapid acquisition time, and 
the ability to perform multiplanar reconstructions 
(MPR), maximum intensity projections (MIP), 
and three-dimensional rendering post-processing 
[62]. CTA receives the highest rating from the 
American College of Radiology Appropriateness 
Criteria [63] for suspected bowel ischemia and 
has almost completely replaced conventional 
angiography for initial diagnosis given its speed, 
noninvasive nature, and ability to depict pathol-
ogy associated with bowel ischemia or alterna-
tive diagnoses causing the patient’s symptoms 
[64]. A meta-analysis in 2010 showed that CTA 
had 93.3% sensitivity and 95.9% specificity 
in the diagnosis of acute mesenteric ischemia 
[65]. It should be noted that while CTA is the 
preferred examination, in clinical practice most 
patients who present with nonspecific symptoms 
of abdominal pain will undergo standard single-
phase portal venous CT of the abdomen and pel-
vis, rather than a dedicated mesenteric ischemia 
protocol CTA.

At our institution, the CTA protocol for evalu-
ating suspected acute bowel ischemia includes a 
triphasic acquisition CT examination, with images 
obtained from the dome of the liver through the 
lesser trochanters prior to and following the intra-
venous administration of iodinated contrast in the 
arterial and portal venous phases. Nonenhanced 
computed tomography (NECT) is performed 
first to evaluate for high attenuation intramural 
hemorrhage in the bowel wall, a highly specific 
finding which may be seen with hypoperfusion-
reperfusion to the bowel [3, 38]. NECT also has 
the advantage of depicting vascular calcifications, 
hyperdense or calcified thrombi, and can aid in 
the evaluation of bowel wall hypoenhancement 
by providing a direct comparison with the sub-
sequently obtained IV contrast-enhanced images 
[66]. In situations where there is known or sus-
pected gastrointestinal hemorrhage, NECT is use-
ful for distinguishing between high attenuation 
intraluminal contents and extravasated intravenous 
contrast. While some argue that NECT should 
always be performed as part of the CTA protocol 
in suspected bowel ischemia [67], others believe 

that the inclusion of NECT adds little additional 
value while contributing additional radiation dose 
to the patient [68]. Dual-energy CT is an emerging 
technique with several advantages compared with 
conventional CTA in the evaluation of acute mes-
enteric ischemia, including the creation of virtual 
nonenhanced images and lower radiation dose to 
the patient. A detailed discussion of dual-energy 
CT is covered below.

After the rapid (3–5  cc/sec) intravenous 
administration of iodinated contrast, CT images 
are then performed through the abdomen and pel-
vis in the arterial phase and portal venous phase. 
Bolus tracking or test bolus techniques can be 
used to maximize opacification of the arterial 
system and are particularly beneficial in patients 
with decreased cardiac output where a longer 
delay after contrast bolus administration may be 
necessary to achieve peak arterial enhancement. 
The arterial phase acquisition permits identifica-
tion of arterial stenosis, embolus, and occlusion. 
The portal venous phase allows assessment of 
patency of the mesenteric venous system, detec-
tion of bowel wall enhancement, and evaluation 
of the solid organs. The venous phase also enables 
detection of perforation, peritonitis, abscess for-
mation, as well as alternative causes of the acute 
abdomen [41].

At our institution, oral contrast is not used 
in the evaluation of suspected bowel ischemia. 
Positive oral contrast adds no value and may even 
be detrimental, because, as noted above, it can 
mask potentially subtle high attenuation intramu-
ral hemorrhage, bowel wall hypoenhancement, 
or extravasated intraluminal contrast. To our 
knowledge, there is no literature supporting its 
use in the setting of suspected acute mesenteric 
ischemia. On the other hand, negative or neutral 
oral contrast may be useful because it permits 
better visualization of bowel wall enhancement 
and high attenuation intramural hemorrhage [69]. 
Despite these potential benefits, negative oral 
contrast is rarely used in patients at our institu-
tion as they are generally too ill, and drinking 
may increase the risk of aspiration in patients 
who are vomiting or have altered mental status. 
It should be noted that protocols remain varied 
among current radiology practices, and to our 
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knowledge, no consensus has been reached at the 
time of this writing as to the optimal CT protocol 
for bowel ischemia.

6.2.4.2	 �Computed Tomography 
Angiography Interpretation

Interpretation of CTA in the setting of suspected 
bowel ischemia should include assessment of 
bowel wall thickness, attenuation and enhance-
ment, the degree of bowel distension, the pres-
ence of mesenteric fat stranding and fluid, and 
patency/stenosis of the mesenteric arteries and 
veins. The normal bowel wall measures up to 
3–4 mm thick, depending on the degree of lumi-
nal distention [70]. While thickening of the bowel 
wall is a nonspecific finding, it is the most fre-
quently observed CT finding in mesenteric isch-
emia [4, 38]. However, bowel wall thickening 
may not always be present with mesenteric isch-
emia, particularly in severe ischemia, due to arte-
rial occlusion. In that setting, the lack of arterial 
inflow produces neither mural edema nor hemor-
rhage, and the bowel wall is thin as a result of loss 
of tissue vascularity and intestinal muscular tone 
[41] (Fig. 6.11).

The attenuation of the bowel wall should 
be carefully observed on both NECT and IV 
contrast-enhanced CT images. Failure to do so 
may lead to misinterpretation of high attenua-
tion in the bowel wall on IV contrast-enhanced 
images as normally enhancing bowel, when 
in fact the high attenuation is due to intramu-
ral hemorrhage (Fig.  6.12). A highly specific 
but insensitive CT finding of acute mesenteric 
ischemia is decreased or absent enhancement 
of the bowel wall [4, 38] (Fig.  6.11). A target/
halo appearance or diffuse bowel wall hyperen-
hancement may be observed with hyperemia due 
to venous occlusion, reduced venous outflow, 
or hypoperfusion followed by reperfusion [71] 
(Figs.  6.13 and 6.14). Pneumatosis intestinalis 
represents air within the bowel wall, and while it 
can be seen with a variety of benign conditions, 
in the setting of suspected bowel ischemia, it is 
a highly specific finding of transmural infarction 
[72] (Figs.  6.11 and 6.14). Mesenteric venous 
and/or portal venous gas may also be observed 

with pneumatosis due to transmural infarction 
(Fig.  6.15). While the presence of portomesen-
teric gas has classically been associated with a 
poor prognosis [73], more recent studies have 
suggested that it is not an independent predictor 
of mortality [74].

Bowel ischemia results in disruption of 
normal peristalsis, which acutely can cause 
spastic reflex ileus reflected as diffusely col-
lapsed bowel loops. Subacutely, mesenteric 
ischemia results in adynamic ileus, which is 
characterized radiologically as diffuse bowel 
luminal dilation [38]. When ischemic bowel 
is distended, it may be either gas- or fluid-
filled, although the latter appearance is more 
commonly seen with venous ischemia and 
strangulated obstruction [75]. Transudation of 
fluid into the peritoneal space and mesenteric 
fat stranding on CT have high sensitivity (85–
88%), but are less specific (61–72%) findings 
of bowel ischemia [41].

Arterial occlusive mesenteric ischemia is diag-
nosed when a filling defect is seen in the mesen-
teric arteries or branches, in combination with 
the other CT findings described above (Fig. 6.11) 
[70]. When an embolus or thrombus is located in 
the proximal superior mesenteric artery (SMA), 
the SMA may be dilated such that its diameter is 
greater than or similar in caliber compared to the 
adjacent superior mesenteric vein (SMV) [56]. 
Infarcts in other organs in the abdomen, such as 
the spleen and kidneys, may also be observed, 
classically seen as wedge-shaped peripheral 
areas of decreased enhancement.

Venous occlusive mesenteric ischemia is 
diagnosed when a filling defect and dilation of 
the mesenteric vein is observed on CECT [76] 
(Fig. 6.13). Unless the venous occlusion is very 
distal, the severity of ischemia is generally not as 
substantial as with arterial occlusive mesenteric 
ischemia. The impaired venous drainage results 
in elevated hydrostatic pressure and extravas-
cular leakage of red blood cells and plasma 
into the bowel wall, mesentery, and peritoneal 
cavity, which is reflected as intramural hem-
orrhage, mesenteric stranding, and ascites on 
CT [3] (Figs.  6.12 and 6.13). Bowel loops are 
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typically dilated, fluid-filled, and thick-walled 
[4]. The bowel wall of affected segments may 
be hypoenhancing, nonenhancing, diffusely 
hyperenhancing, or show a halo/target pattern of 
enhancement [4, 38].

6.2.4.3	 �Dual-Energy Computed 
Tomography

In conventional CT, materials which have differ-
ent elemental composition may be represented 

with the same CT attenuation value, which makes 
differentiation and classification of different tis-
sue types challenging. Dual-energy CT (DECT) 
is a technique that utilizes CT imaging at two 
different photon energies, enabling the decompo-
sition of a mixture of materials into its constitu-
ents, a principle which was initially described by 
Godfrey Hounsfield [77], and subsequently inves-
tigated by Alvarez and Macovski [78]. DECT can 
be accomplished in several different ways, includ-

a c

d

b

Fig. 6.11  74-year-old male with arterial occlusive mesen-
teric ischemia. Sagittal reformatted image from CECT (a) 
demonstrates occlusive thrombus at the origin of the SMA 
(arrow) with underlying atherosclerotic disease of the aorta 
and SMA. Axial CECT (b–d) demonstrates pneumatosis of 

small bowel loops in the left mid abdomen (arrowheads) 
and small volume portal venous gas (curved arrows). Note 
that the ischemic segments of small bowel wall are hypoen-
hancing and thin rather than thick-walled, due to the arterial 
occlusive nature of the ischemia in this case
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ing the use of rapid kVp switching, multilayer 
detectors, or dual X-ray sources [79, 80].

As described above, a key and highly spe-
cific CT finding of bowel ischemia is detecting 

decreased enhancement in the wall of ischemic 
bowel. While the specificity of bowel wall 
hypoenhancement in bowel ischemia is high, the 
sensitivity of CTA for this finding is poor [38]. 
Utilizing DECT, the degree of hypoenhancement 
between ischemic and normal bowel can be made 
more conspicuous by post-processing the images 
and creating iodine maps [79] (Fig.  6.16). A 
recent study by Poetretzke et al. utilized a swine 
model, and confirmed two important findings 
with respect to DECT of bowel ischemia [81]. 
First, the attenuation difference between per-
fused and ischemic segments of bowel at 51-keV 
was nearly double that of conventional 120-kVp 
images, and second, the creation of iodine mate-
rial density maps enabled accurate quantification 

a

b

Fig. 6.12  67-year-old male with intramural hemorrhage 
secondary to mesenteric ischemia. Axial (a) and coronal 
reformatted NECT images (b) demonstrate dilated fluid-
filled small bowel loops with extensive areas of high 
attenuation in the wall of the majority of the small bowel 
as well as mesenteric edema and ascites. No IV or oral 
contrast was administered. The findings are compatible 
with ischemic ileus with small bowel intramural hemor-
rhage due to ischemia. Skin staples and NGT are present 
in this patient who recently underwent subtotal colectomy 
for clostridium difficile colitis

a

b

Fig. 6.13  55-year-old male with venous occlusive 
mesenteric ischemia. Axial CECT (a, b) demonstrates 
enlargement and occlusive filling defect in the SMV 
(asterisk) consistent with thrombosis. Small bowel loops 
in the left hemiabdomen are dilated and thick-walled with 
mucosal hyperenhancement (arrows) and mesenteric 
edema/stranding (arrowheads)

D. C. Oppenheimer et al.



113

of iodine content within the bowel wall, which 
significantly improved conspicuity of ischemic 
segments of bowel compared with conventional 
CT. An additional benefit of DECT is the ability 
to differentiate between hemorrhage and iodine 
in the bowel wall, the former being a highly 
specific sign of bowel ischemia [4, 82]. Lastly, 
DECT enables the creation of virtual nonen-
hanced images, obviating the need for a separate 
precontrast acquisition, thereby saving radiation 
dose to the patient, but still providing the benefits 
of NECT images [78]. A variety of other emerg-
ing applications of DECT in abdominal imag-
ing continue to be explored, some of which are 
discussed elsewhere in this book, including the 
detection of bowel hyperemia in patients with 
inflammatory bowel disease, and identification of 
pancreatic adenocarcinoma and the hypovascular 
liver masses [83–85].

6.2.4.4	 �Magnetic Resonance 
Angiography

While CTA receives the highest ACR appro-
priateness rating in the evaluation of suspected 
acute mesenteric ischemia, IV contrast-enhanced 
magnetic resonance angiography (CE-MRA) 
of the abdomen is assigned a rating of 7, indi-
cating that it is also “usually appropriate” [63]. 
Advances in MR technology have enabled fast 
single breath-hold acquisitions in the arterial and 
portal venous phases, which permit evaluation of 
the proximal celiac axis and SMA for stenosis 
or occlusion [86] (Fig. 6.17). Compared to CTA, 
CE-MRA is less sensitive for distal occlusion of 
celiac and SMA branches, and only permits eval-
uation of the inferior mesenteric artery in approx-
imately half of patients [87]. Additionally, MR 
examination times are significantly longer than 
with CTA and are not safe for unstable patients. 

a

b c

Fig. 6.14  79-year-old female with nonocclusive mesen-
teric ischemia. Axial (a, b) and coronal reformatted CECT 
images (c) demonstrate pneumatosis of distal small bowel 
loops which are thin-walled and hypoenhancing (fat 
arrows) relative to more proximal normal nonischemic 
small bowel in the left hemiabdomen (arrows). Loops of 

ileum in the pelvis which are less severely ischemic 
demonstrate mucosal hyperenhancement and wall 
thickening (curved arrows, c). There is atherosclerotic 
luminal narrowing at the SMA origin (dashed arrow, b). 
The normal celiac trunk (arrowhead, b) is seen adjacent to 
the SMA
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Acutely ill patients may not be capable of breath-
holding, which is necessary to obtain MR images 
without motion artifacts. A recent study evaluat-
ing the utility of CE-MRA in patients who had 
recently underwent conventional portal venous 
phase CT showed that there was a high degree 
of concordance between the two examinations 
for interpreting vascular findings, and that MRA 
added little value when obtained subsequent to 
portal venous CT in assessing bowel ischemia 
[88]. Therefore, while MRA is capable of reveal-
ing findings of mesenteric ischemia, its role at the 
present time is secondary to CTA, and its use is 
usually restricted to patients who cannot receive 
iodinated contrast.

MRA of the abdomen can also be obtained 
without the use of IV gadolinium-based contrast 

agents in patients with allergies, decreased renal 
function, or other contraindications to its use. 
Time-of-flight, phase contrast, and fresh-blood 
imaging MRA techniques can be used for vascu-
lar imaging, but are time consuming and sensitive 
to bowel and respiratory motion [86]. Quiescent-
interval single-shot (QISS) MRA is a new tech-
nique that is less sensitive to patient motion, can 
be obtained in a single breath-hold, and does not 
require the use of subtraction [89] (Fig. 6.18).

6.2.4.5	 �Ischemic Colitis
Ischemic colitis is the most frequent form of 
intestinal ischemia (70%) [41]. Acute ischemic 
colitis is most commonly seen in the elderly, with 
a peak incidence in the seventh decade of life 
[90]. In contrast to acute mesenteric ischemia, 

a b

c

Fig. 6.15  67-year-old male with mesenteric ischemia. 
Sagittal volume rendered MIP image from CTA of the 
abdominal aorta and branches (a, obtained on an earlier 
exam before the patient developed acute symptoms) dem-
onstrates dense atherosclerotic calcification of the aorta 
with severe stenosis at the celiac origin (arrowhead) and 
multifocal high-grade stensoses in the proximal SMA 
(arrows). There is variant anatomy with a separate origin 

of the left gastric artery arising directly from the aorta just 
cranial to the celiac trunk. The patient later presented with 
acute onset abdominal pain. Axial NECT images dis-
played at soft-tissue window (b) and lung window (c) 
demonstrate dilated loops of small bowel with pneumato-
sis and mesenteric venous gas (arrows). Note the absence 
of wall thickening in the affected segments of small bowel 
due to the arterial occlusive nature of the ischemia
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a

c d

b

Fig. 6.16  46-year-old female with SMA occlusion and 
acute on chronic mesenteric ischemia on DECT. Sagittal 
MIP reformatted CECT image (a) from CTA demon-
strates occlusion of the SMA just distal to the origin 
(arrow). The celiac is widely patent (arrowhead). Coronal 
(b) and axial iodine maps (c, d) from DECT exam demon-

strates decreased iodine concentration within the wall of 
mid and distal small bowel and proximal colon in the right 
hemiabdomen (dashed ovals) relative to the normal proxi-
mal small bowel in the left hemiabdomen (arrows), com-
patible with mesenteric ischemia and ischemic colitis
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vascular occlusion is usually not the etiology 
of acute ischemic colitis [91]. Given the nonoc-
clusive etiology in most patients, ischemic coli-
tis has classically been described to affect the 
“watershed” regions of vascular supply to the 
colon, specifically the splenic flexure and rec-
tosigmoid junction [92]. However, more recent 
studies have not shown there to be preferential 
involvement for these regions, and the location 
of ischemic colitis can be variable [54]. Ischemic 
colitis is usually segmental in distribution rather 
than diffuse [93]. Ischemic injury limited to the 
mucosa or submucosa results in mucosal edema, 
hemorrhage, ulcerations, and/or patchy areas of 
mucosal necrosis which is generally reversible. 
Necrosis involving the muscularis may lead to 
the development of a fibrotic stricture, while 
transmural necrosis is associated with perforation 
and sepsis [94].

While the diagnosis of ischemic colitis is 
confirmed on histopathology, patients are often 
first evaluated with CT [95]. The most frequently 

observed findings are colonic wall thickening, 
mesenteric fat stranding, and abnormal colonic 
wall enhancement, while the presence of pneu-
matosis, luminal dilatation, and free fluid are 
indicative of severe ischemia [90] (Figs.  6.19 
and 6.20). Although commonly seen with isch-
emic colitis, colonic wall thickening is a non-
specific finding which can also be seen with 
nonischemic conditions including infection, 
inflammation, and angioedema, although the 
distribution of colonic wall thickening and pres-
ence of bloody diarrhea are strongly suggestive 
of the diagnosis, especially in an older patient in 
the appropriate clinical context. Colonic pneu-
matosis in the setting of ischemia is rare, but can 
be indicative of bowel necrosis, although other 
conditions including infectious, inflammatory, 
and benign causes can also produce pneumato-
sis [71]. Bowel wall hyperenhancement has been 
postulated to represent redistribution of blood 
during early reperfusion and recovery from isch-
emia [96].

a b c

d e

Fig. 6.17  71-year-old female with a history of SMA 
occlusion status post SMA and hepatic artery jump grafts 
with mesenteric ischemia on MRA.  Sagittal MIP refor-
matted image from MRA (a) demonstrates occlusion of 
the supraceliac to SMA and hepatic artery graft just 
beyond its origin (arrow). The native celiac and SMA 

were chronically occluded. Axial fat suppressed T1 
weighted post contrast images (b–e) demonstrate seg-
ments of small bowel which are thin-walled and hypoen-
hancing (arrowheads). Geographic areas of 
hypoenhancement are present in the liver and spleen 
(asterisk), compatible with infarcts
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6.2.4.6	 �Chronic Mesenteric Ischemia
Chronic mesenteric ischemia has a different 
pathophysiology and a more indolent presenta-

tion than acute mesenteric ischemia [97]. This 
condition was first described nearly a century 
ago by Goodman as “abdominal angina” [98]. 
The classic clinical history in chronic mesen-
teric ischemia is recurrent postprandial abdomi-
nal pain, weight loss, and “food fear” [99]. Most 
patients with chronic mesenteric ischemia have 
atherosclerosis of the mesenteric arteries, result-

a

b

c

Fig. 6.18  91-year-old male with severe SMA stenosis on 
non-contrast MRA and NECT.  Axial balanced steady-
state free precession images (a, b) demonstrate severe 
stenosis of the SMA at the origin and proximal aspects 
(arrows). The corresponding axial NECT (c) demon-
strates the large volume of calcified atherosclerotic plaque 
narrowing the lumen of the SMA

a

b

Fig. 6.19  56-year-old female with ischemic colitis. Axial 
(a) and coronal (b) reformatted CECT demonstrate cir-
cumferential wall thickening and mucosal hyperenhance-
ment of the descending and sigmoid colon (arrows), with 
adjacent fat stranding (asterisk). Note the segmental 
nature of the colitis with sparing of the transverse and 
ascending colon (arrowheads)
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ing in slowly progressive luminal stenosis [100]. 
Less common causes of chronic mesenteric isch-
emia include vasculitis, thromboangiitis obliter-
ans, and radiation-induced vasculopathy [101]. 
The majority of patients are older than 60 years 
of age, and this condition affects women more 
frequently than men [102]. The slow process of 
worsening atherosclerotic narrowing enables the 
development of collateral pathways of perfusion 
to the intestine; symptoms develop when collat-

eralization is not adequate to maintain perfusion 
[103].

CT is useful in depicting calcified and noncal-
cified atherosclerotic plaque in the aorta and mes-
enteric arteries, as well as the extent of collateral 
pathways in patients with chronic mesenteric 
ischemia [38] (Fig.  6.21). The use of MIP and 
three-dimensional reformatting techniques are 
particularly well suited for evaluating collateral 
vessels. The most common collateral pathways 
between the celiac trunk and SMA include pancre-
aticoduodenal arteries running between the gastro-
duodenal artery and the proximal SMA, while the 
arch of Riolan and marginal artery of Drummond 
form the predominant collaterals between the 
SMA and inferior mesenteric artery [96].

Although the classic teaching is that at least 
two of the three main mesenteric arteries (celiac, 
superior mesenteric, and inferior mesenteric) 
must be diseased before symptoms develop, 
some patients with a single arterial stenosis 
have pain, and others with multivessel disease 
are asymptomatic [104]. Therefore, other more 
patient-specific factors are likely involved in the 
symptomatology of chronic mesenteric ischemia, 
including the location of stenoses, the pace of the 
development of the stenoses, and the ability to 
form collaterals [99].

The small bowel is usually normal appearing 
in patients with chronic mesenteric ischemia, 
although patients with chronic mesenteric isch-
emia are at risk for developing acute mesenteric 
ischemia. Therefore, careful observation for the 
findings of acute mesenteric ischemia in any 
patient presenting with abdominal pain is para-
mount. MRA is capable of demonstrating ste-
nosis and occlusion in the celiac and SMA in 
patients with chronic mesenteric ischemia, but is 
less reliable in evaluation of the inferior mesen-
teric artery [86].

Catheter angiography demonstrates stenosis, 
and the pressure gradient across a stenosis can be 
measured to determine its hemodynamic signifi-
cance [102]. In addition, endovascular treatment 
of mesenteric arterial stenoses with angioplasty 
and/or stent placement has been shown to have 
high technical and clinical success rates, with 

a

b

Fig. 6.20  75 woman with ischemic colitis and cecal per-
foration. Coronal reformatted CECT (a) demonstrates 
cecal distension and pneumatosis (arrowheads). Axial 
CECT displayed at lung windows (b) demonstrates small 
locules of free air adjacent to cecum (arrows) as well as 
cecal pneumatosis (arrowhead)
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lower complication rates and 30-day mortality 
compared to open surgical repair [101]. It should 
be noted, however, that recurrent symptoms and 
reintervention rate are higher in patients previ-
ously treated endovascularly compared to those 
initially treated with open surgery [105]. Despite 
the likelihood of repeat intervention, endovascu-
lar treatment of chronic mesenteric ischemia is 
generally the first-line treatment in these patients 
due to the other comorbidities frequently seen 
in this patient population [98]. With respect to 
endovascular treatment, stenting of the mesen-
teric arteries, as opposed to angioplasty alone, is 
associated with a higher patency rate [106].

�Conclusion

Bowel obstruction and ischemia are common 
potentially life-threatening conditions, espe-
cially if not recognized promptly. While 
MDCT is the current imaging standard, 
emerging techniques including DECT and 
MRA are being used with increased frequency. 

Imaging plays an important role in evaluating 
patients with suspected bowel obstruction or 
ischemia, and radiologists must carefully 
interpret these examinations to accurately 
identify the critical findings.
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MR Imaging of Acute Appendicitis

Victoria Chernyak

Abstract

Magnetic resonance imaging (MRI) is highly 
accurate for the diagnosis of acute appendici-
tis. Lack of ionizing radiation and high con-
trast resolution makes MRI an attractive 
alternative to ultrasound and CT in pediatric 
and pregnant patients. This chapter discusses 
the literature supporting use of MRI in diag-
nosis of acute appendicitis, proper MRI tech-
nique essential for maximizing diagnostic 
accuracy, the MRI findings of acute appendi-
citis, and potential cases of false-positive and 
false-negative results.

Keywords

Acute appendicitis · Magnetic resonance 
imaging · Pediatric population · Appendicitis 
in pregnancy

7.1	 �Background

Acute appendicitis is a common clinical condi-
tion with a lifetime cumulative incidence rate 
estimated as high as 9% [1]. Imaging plays an 
important role in the diagnosis of acute appendi-
citis and its associated potential complications. 

Computed tomography (CT), the most commonly 
utilized examination for assessment of suspected 
appendicitis, while accurate and easily obtainable, 
has the drawback of ionizing radiation. Ultrasound 
offers a radiation-free alternative, but is heavily 
operator dependent and has limited performance 
in larger and pregnant patients. In the past decade, 
magnetic resonance imaging (MRI) emerged as an 
attractive option for pediatric and pregnant patients 
suspected to have acute appendicitis, due to 
absence of ionizing radiation and high diagnostic 
performance. For example, in the clinical setting 
of right lower quadrant pain, fever, and leukocy-
tosis, the Appropriateness Criteria expert panel of 
the American College of Radiology assigned MRI 
a rating of 7 (usually appropriate) for pregnant 
women, and a rating of 5 (may be appropriate) for 
children and young adults [2].

High diagnostic performance of MRI has 
been demonstrated in various patient popula-
tions. Meta-analyses performed in the general 
population reported MRI to have a pooled sensi-
tivity of 96–97% and a pooled specificity of 96% 
for the diagnosis of acute appendicitis [3, 4]. In 
patients younger than 30 years old, nonenhanced 
MRI has a sensitivity of 97% and a specificity of 
99% for the diagnosis of acute appendicitis [5]. 
In the pediatric population, MRI has a sensitiv-
ity of 96–97%, a specificity of 96–97%, a posi-
tive predictive value of 92–93%, and a negative 
predictive value of 98–99% for the diagnosis of 
acute appendicitis [4, 6–8]. In pregnant patients, 
MRI has an accuracy of 88–99%, a sensitivity 
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of 60–100%, a specificity of 92–99%, a posi-
tive predictive value of 50–92%, and a negative 
predictive value of 94–100% for the diagnosis of 
acute appendicitis [4, 9–12].

Another advantage of MRI, particularly com-
pared with ultrasound, is that it can offer an alter-
nate diagnosis for a patient’s symptoms up to 50% 
or more of the time [5]. MRI reveals an alternate 
diagnosis in 12–43% of pregnant patients, and 
in approximately 20% of pediatric patients [6, 
8–10, 13, 14]. The proportion of noncontrast MRI 
examinations with identifiable alternative diagno-
ses is similar to that of CT [15]. In children with 
equivocal ultrasound, MRI is equally as effective 
as CT for diagnosis of acute appendicitis [15, 16]. 
Furthermore, the diagnostic performance of non-
enhanced MRI is comparable to that of CT for the 
detection of appendiceal perforation, with a sensi-
tivity of 57–90% and a specificity of 86% [15, 17].

An interpreting radiologist’s proficiency in 
abdominal MRI is associated with a more accu-
rate and reproducible interpretation of various 
abdominal and pelvic examinations [18–21]. In 
this respect, MRI for acute appendicitis is no 
different, and the diagnostic accuracy improves 
with the level of the radiologist’s expertise. For 
example, inexperienced MR interpreters have 
sufficient sensitivity of 89% for MRI in suspected 
appendicitis, but the accuracy of MR-expert radi-
ologists is higher, at 97% [22].

The use of MRI in suspected appendicitis has 
a positive effect on patient outcomes. Inclusion 
of MRI in the decision-making process decreases 
the rate of negative laparotomies without a signif-
icant change in the rate of perforation, and allows 
earlier planning for patients with an equivocal 
clinical picture [23, 24]. Pregnant patients who 
undergo MRI rather than ultrasound are 65% 
more likely to be discharged from the emergency 
department (ED) and have approximately 50% 
reduction in the length of stay in the ED [25].

7.2	 �MR Protocol

Anatomic coverage of the acquired MR 
sequences should include pelvis and upper abdo-
men, together with the gallbladder and kidneys, to 

ensure imaging of the appendix and areas which 
may provide an alternate cause for patient’s signs 
and symptoms. Furthermore, in the second and 
third trimesters, the cecum and appendix are 
often displaced by the uterus, and therefore cov-
erage of the upper abdomen can improve the rates 
of appendix detection. Multiple imaging planes 
are essential, because of numerous variations 
in the position and length of the appendix [26]. 
Depending on its orientation, orthogonal imaging 
planes are often complementary in displaying the 
appendix (Fig. 7.1).

The protocols of MRI for acute appendicitis 
vary among various institutions and practices, 
with the choice of included sequences being 
influenced by the available equipment and radiol-
ogist’s preferences. The common goal, however, 
is to keep the examination as short as possible 
while maintaining sufficiently high image qual-
ity. Patients with suspected acute appendici-
tis may have reduced ability to comply with 
required breath holding and may not be able to 
lie motionless on the MR scanner table for pro-
longed periods of time. Therefore, acquisition 
times of the individual sequences should be kept 
to a minimum.

MRI protocol for evaluation of acute appendi-
citis typically includes T2-weighted sequences and 
T1-weighted sequences with and without IV gado-
linium (Table 7.1) [27–30]. Post-gadolinium images 
are omitted in pregnant patients. T2-weighted 
sequences are fluid-sensitive and therefore are able 
to demonstrate a fluid-filled inflamed appendix, 
periappendiceal inflammation, and fluid collec-
tions. Single-shot fast spin echo (SSFSE) acquisi-
tions are the central component of most protocols 
since it allows for very fast motion-resistant acqui-
sition of T2-weighted images [6]. Motion resistance 
of SSFSE is so substantial that inability to breath-
hold is not a contraindication for MRI to evaluate 
acute appendicitis [31]. An alternative acquisition 
of fluid-sensitive images is balanced steady-state 
free precession sequences (SSFP), which have 
mixed T1 and T2 properties that allows excel-
lent visualization of bowel-wall morphology and 
are resistant to motion degradation [30, 32]. Fat 
saturation can be applied to both SSFSE and bal-
anced SSFP sequences to improve fluid depiction. 
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Fat saturation results in a low signal arising from 
the intraperitoneal fat, which improves delineation 
of periappendiceal edema and/or abscess formation 
(Fig. 7.2).

3-D T1-weighted sequences typically are 
acquired with high spatial resolution. Precontrast 

T1-weighted fat-suppressed images help char-
acterize tissues with intrinsic high signal on 
T1-weighted images (e.g., subacute blood or 
fluid with high protein content), which can be 
particularly helpful in identifying other causes 
of acute abdominal and pelvic pain. The addition 

a

b c

Fig. 7.1  Normal 
appendix on 
T2-weighted images. 
Axial (a), coronal (b), 
and sagittal (c) 
single-shot fast spin 
echo sequences in three 
different patients, all 
with a normal appendix. 
Normal appendix 
appears as a blind-
ending hypointense 
structure with the 
diameter <7 mm 
(arrows) in continuity 
with the cecum (*). Note 
the plane of imaging on 
which the appendix is 
best seen varies among 
the patients and is 
dependent on the 
appendiceal location and 
course

Table 7.1  Sample MRI protocol for evaluation of acute appendicitis

Sequence
FOV 
(cm) TR (ms) TE (ms) Matrix

Slice thickness/
gap (mm) Flip angle

2D SSFSE

 � Axial 25–30 312–648.3 80 128 × 128 4/0.4 90

�  Coronala 30–34 368.5–815.7 80 128 × 128 4/0.4 90

 � Sagittal 34 364.8–678.6 80 128 × 128 4/0.4 90

Balanced SSFP axial 27–30 3.3–3.7 1.7–1.9 128 × 128 4/0.4 90

3D T1-weighted with fat saturationb

 � Axial 25–28 2.1–3.1 Minimum 128 × 128–144 × 144 3.5–4/1.75–2 15

 � Coronal 30–34 2.3–3.6 Minimum 128 × 128–144 × 144 4/2 10–15

FOV field of view, TR time to repeat, TE time to echo, SSFSE single-shot fast spin echo, SSFP steady-state free 
precession
aAcquired with and without frequency-selective fast saturation
bAcquired as modified Dixon technique; postcontrast imaging is acquired in nonpregnant patients
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of intravenous (IV) gadolinium, whenever pos-
sible, is helpful for identifying subtle mucosal 
enhancement of an inflamed appendix and for 
detecting complications of appendicitis, includ-
ing mucosal discontinuity and periappendiceal 
abscesses [30, 32]. Multiple studies have dem-
onstrated the utility of IV gadolinium in pedi-
atric patients with suspected acute appendicitis. 
For instance, equivocal results were shown to be 

four times more common without the use of IV 
contrast [33]. However, the use of IV contrast 
is associated with increased cost and increased 
examination time. If “live” review of the acquired 
precontrast images is feasible, selective adminis-
tration of IV contrast for patients where the diag-
nosis is inconclusive on precontrast images can 
reduce the number of unequivocal results, and 
has resulted in 80% reduction of contrast use in 
the literature [33].

It should be noted that IV gadolinium contrast 
is currently contraindicated in pregnancy, and 
therefore postcontrast images are not obtained 
in pregnant patients. However, as discussed 
earlier, noncontrast MRI in pregnant patients is 
both sensitive and accurate for the diagnosis of 
acute appendicitis. Furthermore, one retrospec-
tive study demonstrated that the accuracy of MR 
examinations which included both T2-weighted 
images and IV contrast-enhanced images was not 
significantly different than that for either the IV 
contrast-enhanced or the T2-weighted sequences 
alone, indicating that T2-weighted imaging 
alone may be adequate for assessment of acute 
appendicitis in the ED [27]. Interestingly, bal-
anced steady-state free precession sequences 
were somewhat less accurate compared with 
postcontrast sequences, whereas the accuracy of 
T2-weighted sequences was equal to that of the 
postcontrast sequences [27].

Some studies have advocated the inclusion 
of diffusion-weighted images (DWI) in the MR 
protocol for assessment of acute appendicitis. 
DWI takes advantage of restricted diffusion of the 
water molecules that occurs in tissues with high 
cellularity (e.g., inflammation and malignancy). 
In addition, DWI is acquired using echoplanar 
techniques with fat suppression and relatively 
long time-to-echo (TE) [31]. Therefore, acute 
appendicitis will have high signal intensity on 
DWI because of the combination of restricted dif-
fusion and edema that has high signal intensity 
with prolonged TE [31]. The addition of DWI may 
improve diagnostic performance of nonenhanced 
MRI for diagnosis of acute appendicitis [34, 35]. 
Furthermore, DWI, as a part of rapid noncontrast 

a

b

Fig. 7.2  Periappendiceal fluid assessment with and with-
out fat saturation in a 31-year-old woman with acute 
appendicitis. Axial single-shot fast spin echo (SSFSE) 
images without fat saturation (a) and with fat saturation 
(b) demonstrate free fluid (long arrow) in the right lower 
quadrant, adjacent to a thickened appendix (short arrow). 
Note how suppression of the signal from fat allows easier 
depiction of the fluid. Note an incidental finding of poste-
rior spinal defect with a meningocele (*)

V. Chernyak



127

MRI, can help to reveal drainable fluid collec-
tions in post-appendectomy patients [36]. If DWI 
is included in the protocol, at least two b values 
should be acquired: 0 s/mm2 and ≥500 s/mm2.

7.3	 �Findings

The normal appendix is seen on MRI in approxi-
mately 56–75% of pediatric patients [8, 15, 37]. 
In pregnant patients, the normal appendix is seen 
on MRI in approximately 69–80%, compared to 
only approximately 7% on ultrasound in some 
studies [10, 13]. Women in whom the appendix 
is not visualized on MRI are more likely to be 
beyond the first trimester [13]. This is thought to 
be at least in part secondary to the appendix and 
cecum being displaced from its usual location 
by the enlarging uterus. Even when the appen-
dix is not directly visualized, appendicitis can 
be excluded with a high degree of accuracy if no 
secondary MR signs of appendicitis (e.g., more 
than physiologic free fluid, right lower quadrant 
inflammation, thickening of the terminal ileum, 
or abscess) are present [9, 38].

On MRI, a normal appendix has a mean 
diameter of 5–6 mm, no adjacent inflammatory 
changes, no contrast enhancement, and no related 
surrounding free fluid [37, 39]. On T2-weighted 
images, a normal appendix appears as a blind-
ending hypointense structure arising from the 
base of the cecum (Fig. 7.1) [39]. Hyperintense 
signal may be seen on T1-weighted images in 
51% of patients with normal appendices, and 
only in 4.5% of patients with acute appendicitis 
[40]. The presence of T1-hyperintense signal in 
the appendix has a positive predictive value of 
98% for a normal appendix [40].

Table 7.2 summarizes the findings of acute 
appendicitis on MRI.  Similar to other imaging 
modalities, the diagnosis of acute appendicitis 
on MRI rests on the identification of a dilated 
hyperemic appendix with adjacent inflamma-
tion, and possible abscess formation. Fluid 
within the appendiceal lumen and edema/fluid 
in the periappendiceal fat appear as high sig-

nal intensity on fluid-sensitive T2-weighted 
sequences. Appendicolith(s) may be present, 
which appears as rounded or ovoid structure(s) 
with low signal intensity on T2-weighted images 
(Fig.  7.3). Following administration of IV 
contrast, mucosal hyperemia will manifest as 
marked enhancement of the appendiceal wall 
(Fig. 7.4). On DWI with b value ≥500 s/mm2, up 
to 99% of inflamed appendices appear hyperin-
tense, and apparent diffusion coefficient (ADC) 
values are lower in acute appendicitis compared 
with in normal appendices [35, 41]. Appendiceal 
diameter >7 mm, periappendiceal fat infiltration, 
and restricted diffusion of the appendiceal wall 
are independent predictors of acute appendici-
tis [42]. If any one of these features is present 
on MRI, the probability of acute appendicitis 
is 88% [42]. The probability of acute appendi-
citis increases to 94% if any two MRI features 
are present, and to 96% if all three features are 
present [42]. Absence of all three features virtu-
ally excludes acute appendicitis, with a probabil-
ity of only 2% [42].

Table 7.2  Key MRI features of acute appendicitis

MRI Findings

Acute 
appendicitis

�• Appendiceal dilatation >7 mm
 • Appendicolith
 • �High signal intensity within the 

appendiceal lumen on fluid-
sensitive sequences

 • �Thickening of the appendiceal wall 
>2 mm

 • �Enhancement of the appendiceal 
wall on postcontrast T1-weighted 
sequences

 • �Restricted diffusion of the 
appendiceal wall

 • �Increased signal intensity on 
fluid-sensitive sequences in the 
periappendiceal fat

Perforation  • Defect in appendiceal wall
 • �Restricted diffusion within 

periappendiceal fluid
 • �Extraluminal air (signal void, 

particularly on gradient echo 
sequences)

 • Periappendiceal abscess
 • Peritoneal enhancement
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The patients with perforated appendicitis have 
larger appendiceal diameters compared with 
patients without perforation (mean diameters 12 
vs. 8  mm, respectively) [41]. Other MRI signs 
which are associated with perforation are appen-
diceal restricted diffusion, wall defect, appendi-
colith, periappendiceal fluid, remote free fluid, 
restricted diffusion within periappendiceal fluid, 
abscess formation, peritoneal enhancement, ileo-
cecal wall thickening, and ileus (Figs.  7.5 and 
7.6) [41]. The presence of four or more of any 
of these findings has a sensitivity of 82% and a 

specificity of 85% for perforation [41]. ADC val-
ues in the perforated acute appendicitis tend to 
be lower than those of nonperforated appendici-
tis, although the exact ADC values are heavily 
dependent on the individual MR scanner [43].

7.4	 �Potential Pitfalls

Overall, MRI for acute appendicitis has very 
low false-negative rates [9]. False-negative 
results for acute appendicitis are usually a con-

a b

c

Fig. 7.3  Acute appendicitis in a 27-year-old pregnant 
woman. Axial single-shot fast spin echo (SSFSE) (a) and 
coronal SSFSE with fat saturation (b) images demonstrate 
a dilated fluid-filled appendix (short arrow) with multiple 

appendicoliths (arrowheads) and adjacent fluid (long 
arrow). A gestational sac (arrow) is seen in the uterus 
more inferiorly (c)
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sequence of improper technique. For instance, 
incorrect anatomic coverage where only the pel-
vis is imaged may exclude the inflamed appen-
dix in an unusually high location. Additionally, 
the absence of fat saturation increases the risk of 
false-negative results; periappendiceal fluid may 
not be easily detected on T2-weighted images 
without fat suppression, and incomplete fat 
saturation on T1-weighted images may result in 
observation of appendiceal wall enhancement to 
be obscured by the hyperintense mesenteric fat. 
Finally, excessive motion artifact may degrade 
the MR examination so that the images become 
nondiagnostic.

Interpretive errors also may lead to false-
negative MR results for acute appendicitis. A 
distended fluid-filled appendix may be mistaken 
for the terminal ileum. Ascites from a comorbid 

condition can obscure periappendiceal inflam-
mation. Periappendiceal inflammation may not 
be recognized due to the paucity of intraperi-
toneal fat. Finally, if the appendix is not traced 
to its tip, there is a potential to misdiagnose tip 
appendicitis.

False-positive MR results occur when 
regional inflammation from other causes is 
misinterpreted as acute appendicitis. Pericecal 
inflammation may be unrelated to acute appen-
dicitis; for instance, it may be a result of active 
Crohn ileocolitis (Fig. 7.7). Cecal or small bowel 
diverticulitis may result in pericecal inflamma-
tion and abscess formation, and therefore be 
mistaken for acute appendicitis. Additionally, a 
fluid-filled terminal ileum may be mistaken for a 
dilated appendix. Finally, fluid in the right lower 
quadrant may originate from other causes (e.g., a 

a c

b

Fig. 7.4  Acute appendicitis in a 14-year-old boy. Axial 
single-shot fast spin echo with fat saturation image (a) 
demonstrates free fluid (arrow) adjacent to a thickened 

appendix (arrowhead). Axial (b) and coronal (c) postcon-
trast T1 with fat suppression images demonstrate avid 
enhancement of the appendiceal wall (arrow)
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ruptured right ovarian cyst, or generalized intra-
abdominal ascites).

False-negative MR results for an alter-
nate diagnosis may be a result of satisfaction 
of search, where identification of a normal 
appendix decreases the radiologist’s attention 
to other potential causes of the patient’s pain. 
Additionally, lack of familiarity with appearance 
of alternate diagnoses on MRI may contribute to 
misinterpretation of the examination (Fig. 7.8).

Finally, high cost of the MRI, limited avail-
ability, long acquisition times, and the need 

for greater patient cooperation compared with 
CT and ultrasound currently prevent its wide-
spread use as the primary imaging modality for 
suspected acute appendicitis. For example, a 
prospective randomized pediatric cohort study 
comparing rapid MRI to ultrasound demon-
strated ED length of stay on average to be 
100  min longer in the MRI group compared 
with the ultrasound group [44]. Furthermore, 
MRI was associated with ED charges on average 
$4887 higher compared with ultrasound [44]. 
The authors concluded that in the diagnosis of 

a c

b

Fig. 7.5  Perforated acute appendicitis in a 15-year-old 
girl. Axial single-shot fast spin echo (SSFSE) image (a) 
demonstrates a dilated fluid-filled appendix (*) with an 
appendicolith at its base (arrowhead) and adjacent fluid 
(long arrow), representing acute appendicitis. Axial (b) 
and coronal (c) postcontrast T1 with fat suppression 

images demonstrate the dilated appendix (*) with hyper-
emia of its wall (arrowhead). Near the tip, there is discon-
tinuity of the wall (short arrow, b and c), with the luminal 
contents extending beyond the confines of the wall (short 
arrow, a), representing perforation
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appendicitis in young patients, ultrasound-first 
imaging is more time-efficient and less costly 
than rapid MRI despite inconclusive examina-
tions with US [44]. The authors further specu-
lated that ultrasound should be the first-line 
imaging modality for acute appendicitis unless 
the process of obtaining a rapid MRI becomes 
more efficient and less expensive [44].

7.5	 �Summary

In conclusion, MRI is a highly accurate imaging 
technique for the diagnosis of acute appendicitis. 
The advantage of lack of ionizing radiation and 
high contrast resolution makes MRI a promis-
ing imaging modality in pediatric and pregnant 
patients.

a c

d

b

Fig. 7.6  Perforated acute appendicitis with a periappen-
diceal abscess in a 14-year-old girl. Coronal single-shot 
fast spin echo (SSFSE) image (a) demonstrates a large 
complex fluid collection (*) in close proximity with the 
cecum (arrow). Axial SSFSE with fat saturation image (b) 
demonstrates free fluid (arrow) adjacent to the collection 
(*), as well as nondependent signal void within the 

collection (short arrow), consistent with air. Axial (c) and 
coronal (d) postcontrast T1 with fat suppression images 
demonstrate avid enhancement of the wall (long arrow), 
and nondependent air (short arrow) in the collection (*). 
The collection wraps around a thickened hyperenhancing 
appendix (arrowhead)
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a

c

b

Fig. 7.7  Acute Crohn ileocolitis in a 24-year-old man. 
Coronal single-shot fast spin echo (SSFSE) with fat satu-
ration image (a) demonstrates a fluid-filled appendix 
(short arrow) with adjacent mild inflammatory changes 
(long arrow), which could be mistaken for acute appendi-
citis. More anteriorly, coronal SSFSE with fat suppression 

(b) and postcontrast T1-weighted with fat suppression (c) 
images demonstrate thickening and avid mucosal 
enhancement of the terminal ileum (long arrow) and the 
cecum (short arrow), confirming the diagnosis of active 
Crohn ileocolitis. Note reactive right lower quadrant 
lymphadenopathy (arrowhead all images)
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Abstract

Acute renal conditions account for a notable 
volume of Emergency Department visits and 
often lead to imaging. Urolithiasis is the most 
commonly encountered etiology but a wide 
range of conditions including infection, 
inflammation, and hemorrhage can also cause 
acute pain. Ultrasound and computed tomog-
raphy (CT) are the most commonly utilized 
imaging modalities for the kidneys while the 
role of dual-energy CT is expanding as a 
problem-solving tool. Management of acute 
renal conditions ranges from emergent inter-
vention to medical management and may be 
determined by the imaging findings. 
Therefore, accurate and timely diagnoses are 
critical to expedite appropriate clinical 
management.
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8.1	 �Introduction

The kidneys are bilateral, paired retroperitoneal 
organs with important filtration, endocrine, and 
excretory functions. The kidneys maintain elec-
trolyte and acid-base balance, secrete hormones 
including erythropoietin, calcitriol, and renin, 
and are a key excretory pathway for removing 
many waste products from the blood. Structurally, 
the kidneys are composed of the inner medullary 
pyramids and an outer cortex layer, surrounded 
by a capsule. Centrally, the renal sinus contains 
fat surrounding the collecting system and the 
renal hilum where arteries, veins, and nerves 
enter the kidney. Immediately surrounding the 
kidney is a layer of fat bounded by Gerota’s fas-
cia, which comprises the perirenal space 
(Fig. 8.1). Anterior to Gerota’s fascia is the ante-
rior pararenal space while posterior to the fascia 
is the posterior pararenal space.

Non-traumatic, non-vascular renal emergen-
cies can be divided into three main categories: (1) 
acute obstruction (urolithiasis), (2) inflamma-
tory/infectious processes, and (3) renal cysts and 
tumors which present urgently, usually due to 
hemorrhage, or which are detected incidentally in 
patients being imaged for other reasons in the 
emergency setting. Computed tomography (CT) 
and ultrasound (US) are the primary imaging 
modalities for renal abnormalities in the emer-
gency setting due to a combination of their ubiq-
uity, cost, and ability to demonstrate the majority 
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of urgent renal etiologies. Magnetic resonance 
imaging (MRI) is generally not an appropriate 
modality for emergent renal imaging but is 
instead better suited for follow-up or problem-
solving on a nonemergent basis in selected cir-
cumstances. Abdominal radiography has a 
largely historic role in the evaluation of urolithia-
sis. CT is more sensitive for urolithiasis and 
ongoing advances in dose reduction techniques 
have significantly reduced the radiation dose of 
CT compared to radiography.

8.2	 �Urolithiasis

Urolithiasis is a commonly encountered entity 
in the emergency department. The estimated 
costs of diagnosis and treatment approached 
$2.1 billion in the year 2000 which represented 
a greater than 50% increase from the prior 
decade [1]. Approximately 2–3% of the popu-
lation will develop urinary tract calculi and up 
to 12% will experience an obstructing calculus 
in their lifetime. Recurrence rates in patients 
with renal and ureteral calculi approach 50%. 
The incidence appears to be increasing overall 
and there has also been an increase in the 
proportion of women with urinary calculus 
disease [1, 2]. Common risk factors for uroli-
thiasis include male sex, increasing age, obe-
sity, diabetes mellitus, and dehydration, in 

addition to numerous metabolic and digestive 
disorders [3–5].

Patients with urolithiasis classically present 
with acute, colicky flank pain which may radiate 
to the groin. Nausea and vomiting not associated 
with an acute abdomen may also be present. As 
the calculus descends toward the ureterovesical 
junction, the pain can radiate toward the urethra; 
symptoms may then include dysuria, urinary fre-
quency, and urinary urgency, mimicking cystitis. 
Patients with obstructing calculi may have ten-
derness in the costovertebral angle or in the lower 
abdomen on physical examination. Although the 
majority of patients with acute renal and ureteral 
calculi have hematuria, it is frequently absent and 
therefore generally not used to determine whether 
a calculus is present.

Noncontrast CT is the imaging test of choice 
for the detection of urinary tract calculi, with 
reported sensitivities, specificities, and accura-
cies ranging from 97–100%, 94–98%, and 
96–98%, respectively. This clearly outperforms 
conventional radiography, which depicts only 
45–59% of calculi, and replaces intravenous 
urography, which was the preferred test in the 
past. Noncontrast CT is rapid, widely available, 
cost-effective, does not require contrast material, 
and can depict noncalculi causes of flank pain. 
The disadvantage is the use of ionizing radiation, 
but ongoing improvements in hardware and soft-
ware have significantly reduced patient doses. 

APS

PRS

PPS Lateroconal fascia

Gerotá s fasciaFig. 8.1  Retroperitoneal 
spaces. The pararenal 
space (PRS) consists of a 
layer of fat immediately 
encircling both kidneys, 
bound by Gerota’s fascia 
(GF). Anterior to 
Gerota’s fascia is the 
anterior perirenal space 
(APS) while posterior to 
the fascia is the posterior 
pararenal space (PPS). 
The lateroconal fascia is 
created by fusion of the 
anterior and posterior 
pararenal spaces
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This is important since many patients with uroli-
thiasis are young, and some will undergo multi-
ple CT examinations in their lifetimes due to 
recurrent symptoms. Ultrasound may also be 
used to evaluate the kidneys and urolithiasis in 
the emergency setting, is widely available, does 
not confer ionizing radiation, and is relatively 
inexpensive. The disadvantages of sonography 
are its operator-dependent nature, insensitivity 
for ureteral calculi, and insensitivity for small 
calculi. While ultrasound can depict collecting 
system dilatation in the setting of obstruction and 
renal calculi larger than 5 mm, gray-scale ultra-
sound has reported sensitivities for ureteral cal-
culi of only 11–24%. Use of the “twinkling” 
artifact on color Doppler imaging (a focus of 
alternating colors observed when insonating cer-
tain rough surfaces) increases sensitivity for 
detection of renal calculi to approximately 80% 
[6, 7] and can also be useful in identifying calculi 
in the distal ureter which are located near or at the 
ureterovesical junction [8, 9].

The most specific CT sign of urolithiasis is 
direct visualization of the calculus in the ureter. 
Thin-section CT images, typically less than 
5  mm thickness and reconstructed at less than 
5 mm intervals, allow the radiologist to track the 
ureter throughout its course and to detect renal 
and ureteral calculi as small as 2–3  mm. 
Obstructing ureteral calculi tend to lodge at the 
three points of anatomic ureteral narrowing: the 
ureterovesical junction (most commonly), the 
ureteropelvic junction, and the pelvic brim 
(Fig.  8.2). These regions should therefore be 
carefully evaluated. The vast majority of renal 
and ureteral calculi are hyperattenuating on CT 
and easily visible. Calcium-based calculi and 
struvite calculi (magnesium ammonium phos-
phate) are radiodense and are the most com-
monly encountered types, accounting for 
70–80% and 15–20% of all calculi, respectively 
[10, 11]. Uric acid calculi account for 5–10% of 
all urinary calculi, and while radiolucent on 
radiograph, can be readily identified on 
CT. Relatively low attenuation (<500 HU) of a 
calculus on CT is suggestive of uric acid com-
position [12]. Cystine calculi are relatively rare, 
accounting for only 1–3% of all urinary calculi, 

and are primarily seen in patients with cystin-
uria. In rare instances, urease-producing bacte-
ria can lead to the production of matrix calculi 
of soft-tissue attenuation which can be difficult 
or impossible to visualize on CT. Finally, some 
medications can crystallize in the urine and pro-
duce soft-tissue attenuation calculi which are 
not well visualized. This was classically 
described with the protease inhibitor indinavir 
but can also occur with other protease inhibitors 

a

b

c

Fig. 8.2  Most common sites of obstructing urolithiasis. 
Coronal non-contrast CT image (a) shows a large obstruct-
ing calculus at the left ureteropelvic junction, causing col-
lecting system dilation. Sagittal non-contrast CT image 
(b) in a different patient shows a calculus at the pelvic 
brim causing upstream left ureteral dilation. Coronal IV 
contrast-enhanced CT image (c) demonstrates a calculus 
at the right ureterovesical junction (white arrow) resulting 
in collecting system dilation and a delayed right nephro-
gram (black arrow)
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which are in more widespread use today, such as 
atazanavir.

Secondary CT signs are often extremely help-
ful in making the diagnosis of obstructing uroli-
thiasis and include renal collecting system and 
ureteral dilatation, perinephric and/or periure-
teral edema, and enlargement and decreased 
attenuation of the obstructed kidney. Urine within 
the dilated ureter or collecting system should be 
simple fluid attenuation. If urine measures higher 
than expected for fluid, blood or pus may be pres-
ent and should be noted. Urothelial thickening is 
often present but is nonspecific and usually indi-
cates co-existent inflammation or infection. One 
of the most commonly encountered challenges in 
interpreting urinary calculus CT examinations is 
differentiating ureteral calculi from phleboliths. 
Phleboliths are venous calcifications that can 
occur in any veins of the abdomen or pelvis but 
are most frequently encountered in the pelvis 
near the distal ureters. Multiplanar reformats, 
especially in the coronal plane, may be beneficial 
for differentiating ureteral calculi from phlebo-
liths in some patients but are not always diagnos-
tic. This is most problematic for patients in whom 
the distal ureters cannot be identified, such as 
those with a paucity of retroperitoneal fat or who 
do not have ureteral dilatation. In problematic 
patients, two other CT signs may be used: the rim 
sign and the comet tail sign. The rim sign refers 
to a circumferential ring of soft-tissue attenuation 
surrounding the ureteral calculus which repre-
sents the inflamed ureter at the site of calculus 
impaction. The comet tail sign is a triangular or 
tubular area of soft-tissue attenuation adjacent to 
a calcification which indicates the collapsed or 
thrombosed parent vein. Unfortunately, neither 
CT sign is very sensitive or specific, and there is 
significant interobserver variability [13]. A radio-
lucent center within a calcification also favors 
phlebolith over a ureteral calculus but this is 
more commonly seen on radiography and not 
usually appreciated on CT [14].

Another problem in interpreting urinary cal-
culus CT examinations is when secondary signs 
are present but no obstructing calculus is visual-
ized. In these patients, several diagnoses must be 
considered: a recently passed calculus, an 

alternative cause of urinary tract obstruction 
(such as a urothelial cancer), infection, renal vein 
thrombosis, acute renal emboli, renal infarction, 
and, most rarely, a low-attenuation calculus. 
Follow-up intravenous (IV) contrast-enhanced 
CT may be helpful in these instances to better 
depict the renal parenchyma and vascular struc-
tures. A diagnostic pitfall to consider is when CT 
images are obtained following intravenous con-
trast administration and contrast is excreted into 
the collecting system, high attenuation calculi 
can be obscured.

Management options for urolithiasis depend 
on calculus size, location, composition, and com-
plications. In general, the smaller the calculus 
and the more distally the calculus is located, the 
sooner and more likely it will pass spontane-
ously. Approximately two-thirds of renal calculi 
measuring less than 5 mm on CT will pass spon-
taneously within 4  weeks. Many impacted ure-
teral calculi can be extracted ureteroscopically 
while some may require shock wave lithotripsy. 
Struvite calculi are amenable to fragmentation by 
lithotripsy, while cysteine and calcium oxalate 
monohydrate calculi are more resistant to frag-
mentation [15–17]. Uric acid calculi can be man-
aged with oral medications. Complications of 
obstructing stone disease including pyonephrosis 
or collecting system rupture require more urgent 
intervention such as stent placement.

Given the differing management options 
based on calculus composition, dual-energy CT 
(DECT) is becoming increasingly utilized as a 
problem-solving tool (Fig. 8.3). DECT is a newer 
technology which works by passing X-rays 
beams at two different spectra (higher and lower 
kVp) through a material and evaluating the 
energy-dependent changes in attenuation values. 
This method has been shown to reliably differen-
tiate uric acid from non-uric acid calculi, and 
more recent work suggests that dual-energy CT 
may be able to further subcharacterize non-uric 
acid calculi [18–26]. Radiation dose is currently 
comparable to standard CT, so this technique 
should be considered in patients with a strong 
pretest probability of an obstructing calculus.

Noncalculus causes of flank pain are present 
in 12–45% of nonenhanced CT examinations 
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performed for flank pain due to suspected uroli-
thiasis. The shared innervation of the genitouri-
nary and gastrointestinal systems can result in 
overlap of clinical symptoms, with symptoms 
from one system referred to the other. Acute pel-
vic or abdominal conditions may present with 
symptoms of colicky, flank pain, mimicking a 
ureteral calculus (Fig.  8.4). Renal capsular dis-
tention from hydronephrosis may result in nausea 
and vomiting. The most common alternative 
diagnoses encountered on CT examinations per-
formed for suspected urolithiasis include adnexal 

masses, appendicitis, and diverticulitis. 
Occasionally, patients with suspected urinary 
tract calculi may instead have abdominal aortic 
aneurysms or aortic dissections which may 
necessitate further evaluation with IV contrast-
enhanced CT (CECT).

8.3	 �Inflammatory and Infectious 
Disorders

8.3.1	 �Acute Pyelonephritis

Acute pyelonephritis is the infection of renal 
parenchyma, typically due to ascending bacterial 
infection from the urinary bladder. Females are 
affected five times more commonly than males, 
with an overall incidence of 15–17 cases per 
10,000 females and 3–4 cases per 10,000 males 
[27]. At least 250,000 patients with pyelonephri-
tis are diagnosed annually in the United States. 
The vast majority of infections are due to 
Escherichia coli and less commonly, by 
coagulase-negative staphylococci, Proteus mira-
bilis, klebsiella species, enterococci, among oth-
ers [28]. Acute pyelonephritis is usually 
diagnosed based on clinical presentation (flank 
pain and fevers) and laboratory test results 
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Fig. 8.3  Dual-energy CT for calculus composition. A 
53-year-old man presented with acute left flank pain. An 
obstructing calculus in the distal left ureter (a) is detected 
and colored blue by the analysis software (b). A plot of 
attenuation values at two different energies of this calcu-
lus as well as additional nonobstructing renal calculi 
(green circles) indicate that these calculi are comprised of 
hydroxyapatite (c)

Fig. 8.4  Appendicitis mimicking an acute renal condi-
tion. A 58-year-old woman presented with right flank and 
groin pain. A noncontrast CT was obtained to evaluate for 
obstructive urolithiasis. Both kidneys are normal, but an 
inflamed appendix (arrow) lied anterior to the right kidney 
and was the cause of the right flank pain
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(pyuria and leukocytosis). Imaging is generally 
reserved for patients with acute pyelonephritis 
who do not respond well to appropriate antibiotic 
therapy, such as persistent fevers after 72  h or 
rapid recurrence of symptoms. Complications 
including urinary tract obstruction or abscess for-
mation should be suspected in these patients. 
Factors that predispose patients to developing 
complications include advanced age, diabetes, 
and immunosuppression. These complications 
are readily identified on any cross-sectional 
imaging modality which may also help guide 
subsequent percutaneous intervention.

At some institutions and practices, IV 
contrast-enhanced CT is generally preferred due 
to its higher sensitivity for the depiction of com-
plicated pyelonephritis. Acute pyelonephritis is 
usually unilateral but within the kidney can be 
diffuse or focal, resulting in different imaging 
manifestations. On CECT, there may be a classic 
“striated nephrogram” in which linear bands of 
low attenuation representing the poorly enhanc-
ing tubules alternate with more normally enhanc-
ing renal parenchyma (Fig. 8.5a). Diffuse, acute 
pyelonephritis may also manifest as only an 
enlarged, edematous kidney on any imaging 
modality. Comparison to prior imaging and with 
the contralateral kidney is beneficial, as is evalu-
ation for any secondary signs of inflammation 
that may be present. Common ancillary findings 
in both focal and diffuse pyelonephritis include 
perinephric infiltration and urothelial thickening 
or enhancement (Fig. 8.5b). Focal, acute pyelo-
nephritis appears as a wedge-shaped or rounded 
area of poor or streaky enhancement that is best 
identified on the nephrographic phase of contrast 
enhancement. These regions can appear mass-
like and mimic a solid renal neoplasm (Fig. 8.6). 
On noncontrast CT, often ordered to evaluate for 
calculi in the setting of flank pain, uncomplicated 
pyelonephritis can easily be overlooked. Images 
should be carefully inspected for renal enlarge-
ment, perinephric stranding, and fascial or uro-
thelial thickening. Occasionally, wedge-shaped 
or linear areas of high attenuation may be 
observed, which likely represent foci of 
hemorrhage.

Ultrasound in the setting of acute pyelone-
phritis can be normal in up to 75% of patients 

a

b

Fig. 8.5  Acute pyelonephritis on IV contrast-enhanced 
CT. An 83-year-old man presented with acute onset 
abdominal pain. The right kidney shows a striated 
nephrogram (a), with multiple linear low-attenuation 
areas in the cortex (white arrows). Contrast-enhanced CT 
in a 75-year-old patient with a history of bladder cancer 
following cystectomy with ileal conduit formation, under-
going routine surveillance (b), also has a low-attenuation 
region in the cortex (white arrow), as well as urothelial 
thickening and enhancement (black arrows). The findings 
were compatible with pyelonephritis and pyelitis

Fig. 8.6  Focal, mass-like pyelonephritis. A 24-year-old 
woman with history of HIV presented with right upper quad-
rant pain and dysuria, and an IV contrast-enhanced CT was 
performed. A focal, mass-like hypoattenuating area in the 
superior pole of the right kidney could not be distinguished 
from a renal mass on CT. The patient’s young age and pre-
senting symptoms of flank pain and dysuria favored pyelone-
phritis and a course of antibiotics was instituted. This finding 
resolved on follow-up CT three weeks later (not shown)
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[29, 30]. When findings are present, focal 
pyelonephritis may cause wedge-shaped or 
rounded regions of either decreased (edema) or 
increased (hemorrhage) echogenicity. Perfusion 
is typically decreased on both color and power 
Doppler imaging due to edema and increased 
pressure within an encapsulated organ. 
Urothelial thickening, decreased corticomedul-
lary differentiation, or debris within the collect-
ing system may be seen in focal or diffuse 
pyelonephritis.

MRI findings are similar to those on CECT 
including striated areas of hypoenhancement, 
renal enlargement, urothelial thickening or 
enhancement, and perinephric/periureteral strand-
ing. Additionally, the local edema caused by 
parenchymal inflammation may cause increased 
T2-weighted signal and restricted diffusion in the 
foci of infection. Subtraction images can make 
regions of decreased enhancement more 
apparent.

Acute pyelonephritis is mainly a clinical 
diagnosis but imaging plays an important role in 
identifying complications, which impact man-
agement. A complicating renal abscess appears 
as a focal hypoechoic area without color Doppler 
flow on US, and as a rim-enhancing, low-
attenuation mass on CECT.  On MR, abscesses 
are typically hypointense on T1-weighted images 
and hyperintense on T2-weighted images, with 
rim enhancement, restricted diffusion, and adja-
cent edema. In rare instances, gas may be present 
within the abscess. Another potential complica-
tion is calyceal or collecting system rupture 
which can allow the infection to spread into the 
pararenal and retroperitoneal spaces.

One of the challenges in establishing the 
diagnosis of pyelonephritis is that the CT find-
ings are nonspecific. Other entities including 
glomerulonephritis and interstitial nephritis due 
to noninfectious causes including sarcoidosis, 
medications, or immune or metabolic-related 
conditions may have similar appearances, with 
areas of low attenuation in the renal paren-
chyma. Lymphoma can cause renal enlarge-
ment. Perinephric infiltration may be seen with 
recent trauma, prior infection, or vascular dis-
eases, including vasculitides and renal vein 
thrombosis. Correlation of the CT findings with 

the clinical presentation and laboratory values is 
therefore critical to narrow the differential 
diagnosis.

8.3.2	 �Acute Pyelitis, Ureteritis, 
and Pyonephrosis

Pyelitis and ureteritis refer to infections of the 
renal collecting system and ureter, respectively. 
These processes typically produce urothelial 
thickening on all imaging modalities, often with 
post-contrast enhancement of the urothelium on 
CT and MR. Pyonephrosis refers to the accumu-
lation of purulent material in the renal collecting 
system and/or ureter. Pyonephrosis usually 
requires IV antibiotics and immediate drainage to 
prevent permanent renal parenchymal destruc-
tion and life-threatening sepsis. The most com-
mon underlying cause of pyonephrosis is 
obstructing renal calculi but tumors, iatrogenic 
strictures, and retroperitoneal fibrosis should be 
considered as well. Imaging findings of pyone-
phrosis include collecting system dilatation, uro-
thelial thickening and/or enhancement, and 
sometimes fluid-debris levels within the collect-
ing system (Fig.  8.7). Debris within the dilated 
collecting system is often seen as low-level 
echoes on US and can increase the attenuation 
value to higher than simple fluid on CT.  Early 
investigative efforts into the use of diffusion-
weighted MR to distinguish pyonephrosis from 
hydronephrosis suggest that pyonephrosis tends 
to have more restricted diffusion and lower ADC 
values than simple hydronephrosis [31, 32]. The 
renal parenchyma may or may not be involved, 
i.e., concomitant pyelonephritis.

8.3.3	 �Emphysematous 
Pyelonephritis

Emphysematous pyelonephritis refers to infec-
tion of the renal parenchyma by a gas-producing 
organism, usually E. coli (70%), Klebsiella pneu-
moniae, or Proteus mirabilis. This should be dis-
tinguished from emphysematous pyelitis, which 
is a gas-forming infection restricted to the col-
lecting system. In contrast to emphysematous 
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pyelonephritis, emphysematous pyelitis is a 
much less severe infection which usually 
responds well to antibiotics. Emphysematous 
pyelonephritis, on the other hand, carries signifi-
cant mortality risk, with rates as high as 11–42% 
[33–35]. Emphysematous pyelonephritis is usu-
ally unilateral, is more common in women, and 

occurs almost exclusively (80–100%) in patients 
with uncontrolled diabetes. Nondiabetic patients 
are typically either immunocompromised or have 
associated urinary tract obstruction. Physical 
examination reveals a palpable flank mass repre-
senting the involved kidney in 50% of patients. 
Crepitus over the flank or thigh may also be 
present.

Several classification systems have been pro-
posed to correlate imaging findings with subse-
quent prognosis and management. The initial 
system proposed by Wan categorizes this entity 
into two types: Type 1 is characterized primarily 
by renal parenchymal destruction, with streaky 
or mottled areas of gas within the parenchyma 
but no intra- or extrarenal fluid collections. Type 
2 emphysematous pyelonephritis is character-
ized by renal or perirenal fluid collections which 
are directly associated with bubbly or loculated 
gas, or by gas within the urinary collecting sys-
tem [36]. Type 1 has a much more severe clinical 
course, classically requiring more aggressive 
intervention, i.e., nephrectomy. Type 2 emphyse-
matous pyelonephritis is more amenable to 
urgent percutaneous drainage and antibiotics. 
The other proposed classification system by 
Huang and Tseng [34] described four classes of 
severity ranging from the least severe, emphyse-
matous pyelitis (class 1), to bilateral emphyse-
matous pyelonephritis or a solitary kidney with 
emphysematous pyelonephritis (class 4). 
Overall, while emergent nephrectomy was the 
mainstay of treatment for emphysematous pyelo-
nephritis, an initial trial of percutaneous drain-
age with antibiotic therapy and aggressive fluid 
resuscitation is becoming much more common, 
and mortality rates appear to be improving 
[37–39].

The key imaging finding on all modalities is 
gas within the renal parenchyma (Fig.  8.8). On 
ultrasound, there will be nondependent echo-
genic foci in the renal parenchyma with rever-
beration artifact and low-level echoes (“dirty” 
shadowing). CT is the modality of choice for 
identifying and categorizing emphysematous 
pyelonephritis, and will show mottled or bubbly 
foci of low attenuation in the kidney. The 

a

b

c

Fig. 8.7  Pyonephrosis. (a) IV contrast-enhanced CT in 
an 86-year-old woman with peritoneal carcinomatosis and 
abdominal pain shows that the collecting system of the 
right kidney is asymmetrically dilated and is higher in 
attenuation (arrow) than the left. (b) A 27-year-old woman 
with no past medical history presented to the Emergency 
Department with left-sided back pain. Ultrasound shows a 
dilated collecting system with layering, echogenic debris 
in the pelvis and lower pole calyces (arrow). (c) A 42-year-
old woman with history of recurrent urinary tract infec-
tions and lupus nephritis following renal transplant 
presented with acute kidney injury. T2-weighted, fat-
saturated MR image of a right lower quadrant transplanted 
kidney shows an enlarged kidney with a dilated collecting 
system, urothelial thickening, and layering debris (arrow)
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presence of collections of fluid or fluid and gas 
within or adjacent to the kidney is vital to report 
in order to classify, prognosticate, and treat.

8.3.4	 �Xanthogranulomatous 
Pyelonephritis

Xanthogranulomatous pyelonephritis (XGP) is a 
relatively rare, chronic infection of the kidney 
characterized by destruction of renal parenchy-
mal and replacement by lipid-laden macro-
phages. XGP results from long-standing 
obstruction of the collecting system, usually from 
a staghorn calculus and superimposed chronic 
bacterial infection, which provokes an atypical 
immune response with accumulation of lipid-
laden macrophages (xanthoma cells). The most 
commonly implicated bacteria are E. coli and P. 
mirabilis. There is a female predilection 

(F:M = 2:1) and diabetes is a predisposing factor. 
XGP occurs most commonly in middle aged 
patients but any age may be affected. Symptoms 
are often nonspecific, including low-grade fevers 
and malaise, but flank pain and hematuria may 
direct imaging evaluation to the urinary tract.

XGP often has a characteristic appearance on 
imaging (Fig. 8.9). Obstructing calculi are usually 
identified in the affected renal collecting system, 
often of the staghorn type. The renal pelvis and 
calyces are dilated, sometimes massively, from a 
combination of urinary tract obstruction and accu-
mulation of pus and debris in the renal collecting 

a

b

Fig. 8.8  Emphysematous pyelonephritis. A 60-year-old 
woman with history of diabetes mellitus presented with 
fever, fatigue, and vomiting, and was found to be in septic 
shock. Axial CT image (a) shows gas both within the right 
renal collecting system and the renal parenchyma. 
Ultrasound in the same patient (b) demonstrates echo-
genic foci in the renal parenchyma (black arrow) with 
posterior “dirty” shadowing (white arrow), representing 
gas

a

b

Fig. 8.9  Xanthogranulomatous pyelonephritis on IV 
contrast-enhanced CT. (a) An 80-year-old woman with 
metastatic colon cancer underwent surveillance CT.  The 
right kidney contains a large, central calculus (arrow) with 
numerous low-attenuation foci in the surrounding renal 
parenchyma, delay of the nephrogram indicating reduced 
renal function, and perinephric stranding. Renal enlarge-
ment is a typical finding, but was not present in this patient. 
(b) A 2-year-old girl was referred by her primary care phy-
sician for fever, elevated white blood cell count, and a pal-
pable abdominal mass. IV contrast-enhanced CT shows 
typical findings of XGP, with renal enlargement, a central 
calculus, delayed nephrogram, and low-attenuation foci in 
a radial pattern. Extension to the right psoas muscle with 
abscess formation (arrow) is also present. In this example, 
the young age of the patient is very unusual for this entity
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system. The affected kidney is diffusely enlarged 
while its reniform contour is preserved, and there 
is often perinephric inflammatory change. CT is 
the mainstay of diagnostic imaging for XGP 
because many patients demonstrate specific find-
ings and because surgical planning requires accu-
rate assessment of the presence and extent of 
extrarenal disease. Infected, loculated fluid collec-
tions are frequently found in the adjacent tissues 
including in the perirenal space, the anterior and 
posterior pararenal spaces, and the psoas muscles 
(Fig. 8.9b). In some patients, fistulae to the skin or 
gastrointestinal tract may develop. By the time of 
diagnosis, renal function on the affected side is 
significantly impaired so contrast excretion is 
delayed or absent. XGP is usually diffuse but can 
also have focal involvement in about 10%, result-
ing in  localized renal swelling that can be mis-
taken for a solid renal mass [40].

8.3.5	 �Opportunistic and Human 
Immunodeficiency Virus–
Related Renal Conditions

HIV can affect every organ system in the body, 
either via the virus directly, from the opportunistic 
infections and malignancies for which HIV 
patients are at increased risk, or from side effects 
of HIV therapy. HIV-associated nephropathy is a 
glomerulopathy caused directly by HIV. In the ED 
setting, this can result in renal failure, which pre-
vents the use of intravenous contrast material in 
many of these patients. Kidneys affected by HIV 
nephropathy appear enlarged at imaging, with 
markedly echogenic renal cortex on US, a striated 
pattern of enhancement at CECT, and loss of cor-
ticomedullary differentiation on MR.  Imaging 
findings are nonspecific and the definitive diagno-
sis can only be made histologically.

Patients with AIDS or other forms of signifi-
cant immunosuppression are susceptible to 
opportunistic infections from organisms includ-
ing Pneumocystis jirovecii and candida, aspergil-
lus, and mycobacterial species. P. jirovecii is the 
most common opportunistic infection in patients 
with HIV and is typically seen when CD4 counts 

are lower than 200. Renal involvement is uncom-
mon and is almost always associated with 
Pneumocystis pneumonia. Renal infection may 
show multiple hyperechoic foci in the cortex and 
medulla on US, eventually leading to punctate 
cortical calcifications in the later phase, although 
the appearance is not specific [41]. Disseminated 
fungal infections can occur in immunosuppressed 
patients of any cause and can result in microab-
scesses in the kidneys (Fig. 8.10). These manifest 
as hypoechoic foci on US, low-attenuation, 
hypoenhancing foci on CT, and are often associ-
ated with collecting system dilatation. MR find-
ings are similar to CECT, showing multiple foci 
of poor enhancement, collecting system dilata-
tion, and heterogeneous signal on T2-weighted 
images. Fungus balls (mycetomas) can develop 

a

b

Fig. 8.10  Renal microabscesses. A 60-year-old man with 
history of CLL was recently treated for pyelonephritis, but 
returned for persistent flank pain and intermittent hematu-
ria despite antibiotic therapy. Coronal contrast-enhanced 
CT image (a) shows multiple rounded, low-attenuation 
foci centered in the renal cortex which are not continuous 
with the collecting system more centrally. (b) A 55-year-
old man with history of autoimmune hepatitis on immu-
nosuppressive medications presented with a diffuse, 
painful, erythematous rash. Multimodality evaluation 
eventually resulted in an MRI to further characterize renal 
lesions seen on ultrasound. Axial diffusion-weighted MRI 
in another patient shows numerous foci of restricted diffu-
sion in the periphery of both kidneys (arrows) compatible 
with microabscesses
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in the renal collecting systems and ureters, 
causing obstruction, and manifesting as filling 
defects on all modalities. In mycobacterial infec-
tion, the renal tract is the second most commonly 
affected site, usually due to disseminated pulmo-
nary tuberculosis. Disseminated tuberculosis has 
a similar appearance in the acute phase to dis-
seminated fungal infections, resulting in 
hypoechoic, hypoattenuating, hypoenhancing 
multifocal abscesses that may have thick walls. 
In the chronic phase, the kidneys may become 
scarred, shrunken, and calcified. Stricturing of 
any portion of the collecting system or ureter 
may occur.

Multifocal infections need to be differenti-
ated from renal and perirenal neoplasms, which 
are also common in patients infected with HIV, 
especially high-grade non-Hodgkin’s lym-
phoma. Patients undergoing therapy with highly 
activate antiretroviral medications have an 
increased incidence of urolithiasis and can pres-
ent with acute urinary tract obstruction and flank 
pain. As previously mentioned, these calculi are 
composed of drug crystals and may not be 
hyperattenuating.

8.4	 �Renal Masses Presenting 
Urgently

Renal masses are often incidentally discovered 
when imaging the abdomen for other reasons or 
can present acutely with complications such as 
hemorrhage. Spontaneous (nontraumatic) renal 
hemorrhage may occur due to a number of causes 
but is usually the result of a ruptured tumor, most 
commonly a renal cell carcinoma, a simple renal 
cyst, or an angiomyolipoma (Fig. 8.11). A renal 
hematoma occurring after minimal trauma should 
raise suspicion of a pre-existing renal cyst. 
Spontaneous hemorrhage occurs more com-
monly in angiomyolipomas, benign fat-
containing renal tumors. Large angiomyolipomas 
(>4 cm) are at much higher risk for spontaneous 
rupture and may lead to exsanguination, and it is 
recommended that these patients undergo pro-
phylactic transarterial embolization [42, 43].

Incidentally discovered renal masses should 
be described and appropriate recommendations 
for follow-up made. Cystic masses should be 
graded and followed according to the Bosniak 
designation. A solid mass containing macro-
scopic fat without calcification is diagnostic of 
a benign angiomyolipoma and does not need 
active follow-up although the size should be 
included in the report due to the risk of hemor-
rhage in larger masses. Solid, enhancing 
masses in an adult must be regarded as renal 
cell carcinoma until proven otherwise. One 
problem in the emergency setting is that exam-
inations are typically obtained in a single post-
contrast phase, which makes it impossible to 
determine whether a mass is truly enhancing or 
simply hyperdense. The growing availability of 
DECT provides a solution to this problem. 
DECT can be used to create virtual noncontrast 
images, which allows the radiologist to 

a

b

Fig. 8.11  Hemorrhage into an underlying renal mass. 
Prior to acute presentation, this patient had a known angi-
omyolipoma in the right upper pole (a, arrow). The patient 
presented with acute right flank pain, and noncontrast CT 
(b) revealed that the angiomyolipoma (black arrow) had 
bled. Blood product fill much of the right pararenal space 
(white arrow)
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determine whether a renal mass is a benign 
hyperdense cyst or a solid, enhancing mass 
(Fig. 8.12) [44, 45].

�Conclusion

A wide range of renal conditions can prompt 
emergency imaging, including obstructive, 
infectious, and inflammatory causes. Clinical 
management varies from emergent interven-
tion to medical treatment or observation, 

depending on the cause. Familiarity with the 
clinical presentation and imaging manifesta-
tions of these conditions is vital to expedite 
appropriate patient management. CT and US 
are the primary imaging modalities for renal 
emergencies, with dual-energy CT increas-
ingly used as a problem-solving tool.
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Abstract

Vascular emergencies of the retroperitoneum 
can arise from traumatic or nontraumatic arte-
rial or venous injuries. Advances in interven-
tional radiology technique have permitted less 
invasive alternative treatments to surgery for 
the management of aortic and inferior vena 
cava acute injuries. In this chapter, the MDCT 
findings of large-vessel vascular emergencies 
within the retroperitoneum are discussed, with 
correlative interventional findings and 
treatment.
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9.1	 �Introduction

Vascular emergencies of the retroperitoneum can 
arise from either traumatic or nontraumatic arte-
rial or venous injuries. In patients with high-
energy blunt polytrauma, vascular injuries are the 
second most common cause of death [1–3], so 
their identification is crucial for patient survival 
[4]. Vascular emergencies can occur spontane-
ously, particularly ruptured abdominal aortic 
aneurysm (AAA). The ruptured abdominal aortic 
aneurysm is one of the most serious emergencies, 
with a high morbidity and mortality rate.

The management of retroperitoneal vascular 
emergencies is challenging and requires a multi-
disciplinary approach. Advances in interven-
tional radiology techniques allow a less invasive 
treatment as an alternative to surgery for the man-
agement of aortic, inferior vena cava, other retro-
peritoneal central vascular acute injuries, and 
other related conditions.
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In this chapter, the MDCT findings of large-
vessel emergencies of the retroperitoneum are 
discussed, with correlative interventional radiol-
ogy findings and treatment.

9.2	 �Multidetector CT (MDCT) 
Diagnosis

MDCT with intravenous contrast is the primary 
imaging modality for the assessment of suspected 
vascular injuries and other related acute condi-
tions, to assess whether medical, interventional, 
or surgical management is necessary [4].

9.2.1	 �MDCT Protocol

The MDCT protocol includes two acquisitions. 
The arterial phase is acquired after the injection 
of 100–120 mL of iodinated intravenous (iv) con-
trast medium (cm) injected at 4–5 mL/s. In our 
practice, this is followed by 40  mL of saline 
chaser at the same flow rate. Automated bolus 
tracking is used, with a region of interest placed 
in the aortic arch at an attenuation threshold of 
100 HU. To evaluate the aorto-iliac axis and the 
central venous vessels in their entire length, the 
venous phase is acquired at a 60–70 s delay from 
the end of the injection.

The examination is supervised by a consultant 
radiologist, who reviews the images before the 
patient leaves the CT scanner.

Three-dimensional multiplanar reformation 
(MPR) and maximum intensity projection (MIP) 
images are also obtained to display the anatomy, 
including anatomic variants.

9.3	 �Traumatic Vascular 
Emergencies

9.3.1	 �Trauma Mechanisms

Arterial injuries are caused by either blunt or 
penetrating trauma.

Blunt traumatic aortic injuries arise from sud-
den stretching mechanism of the vessels on a 

fixed axis [4]. Blunt traumatic abdominal aortic 
injury is an uncommon occurrence and is typi-
cally associated with other abdominal injuries [5, 
6]. The severity of injury varies from a simple 
subtle intimal flap to a complete transection [7] 
and may arise from direct trauma to the abdomi-
nal aorta (e.g., a seat belt injury) or from indirect 
forces transmitted to the aorta through contigu-
ous organs [6, 7]. Also, visceral branches may be 
involved, including the renal, mesenteric, and 
iliac arteries [8], the latter of which are associ-
ated with pelvic fractures [6] (Fig. 9.1).

Penetrating trauma involving the great vessels 
of the retroperitoneum is caused by a stab wound 
to the back, flank, or more commonly due to a 
gunshot wound [9]. The mechanism of injury, the 
velocity of the object, and the trajectory can all 
be used to predict the severity of injury [9]. 
MDCT is useful for assessing the course of the 
penetrating injury. It also offers valuable infor-
mation on the location and extent of the injured 
vessel, as well as on associated parenchymal and 
other injuries [10]. Large arterial vascular inju-
ries due to penetrating trauma are associated with 
pseudoaneurysms and/or active contrast extrava-
sation [6, 11] (Fig. 9.1). According to Azizzadeh 
et al. [12], traumatic aortic injuries are classified 
into four degrees of severity: grade I (intimal 
tear), grade II (intramural hematoma), grade III 
(pseudoaneurysm), and grade IV (rupture).

9.3.2	 �Management

The management of retroperitoneal vascular 
trauma, especially in the emergency setting, is 
challenging and requires a multidisciplinary 
approach [13].

Within the past decade, endovascular tech-
niques performed by interventional radiologists 
have become an alternative to surgery at many 
level-1 trauma centers [14].

Regardless of the etiology of the retroperito-
neal bleeding (RB), all patients should initially 
be managed in an intensive care unit, with careful 
monitoring, fluid resuscitation, blood transfusion, 
and normalization of coagulation factors [15]. 
There are no specific guidelines to suggest when 
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an endovascular versus surgical intervention is 
recommended, to our knowledge. However, if the 
patient is hemodynamically stable without evi-
dence of obvious hemorrhage, nonsurgical man-
agement or careful observation should be 
considered [7].

Currently there is a growing trend in the use of 
interventional radiology (IR) techniques as an 
alternative to open surgery in the management of 
retroperitoneal hemorrhage in trauma patients. 
The advancement in endovascular techniques 
over the last few decades has enabled hemostasis 
to be achieved safely and rapidly, by using 

several methods including embolization, balloon 
occlusion, and stent-grafting [15, 16].

Intra-arterial transcatheter embolization 
(TAE) is being used with increasing frequency in 
patients whose angiograms show active bleeding 
sites [17]. Coils are probably the safest agents 
(Fig.  9.1), but Isokangas and Perala [17] have 
commented that proximal coiling of the bleeding 
artery is not sufficient with retroperitoneal hem-
orrhage, where there is a rich network of collat-
eral arteries, and new arterial pathways may 
develop after obliteration of the lumbar arteries. 
It is critical to place embolic agents both 

a b c
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Fig. 9.1  Active arterial bleeding in the obturator region 
related to pelvic trauma treated with endovascular embo-
lization, in an 81-year-old man. (a) Axial nonenhanced 
CT image showing acetabular fracture (arrows); (b) axial 
IV contrast-enhanced CT image in the arterial phase 
showing a hematoma adjacent to the acetabular fracture, 
with active bleeding (arrows); (c) axial IV contrast-
enhanced CT image in the venous phase showing an 
increase of the hemorrhage due to obturator artery injury 
(arrows); (d) selective angiogram of the right internal iliac 
artery showing active extravasation of contrast from the 
distal branches of right obturator artery (arrow); (e) super-

selective embolization of the bleeding vessel with multi-
ple steel coils (3-mm diamond-shaped), followed by 
gelfoam suspension embolization (arrow); (f) postproce-
dural selective angiogram of the right internal iliac artery, 
showing complete exclusion of bleeding (arrow). Fig. 1 is 
reprinted with permission from Carrafiello G, Mangini M, 
Ierardi AM, Recaldini C, Cotta E, Piacentino F, Fugazzola 
C.  Vascular Emergencies of the Retroperitoneum. Book 
chapter in: M. Scaglione et al., Emergency Radiology of 
the Abdomen, Medical Radiology. Diagnostic Imaging 
Editor: Springer-Verlag Berlin Heidelberg 2012; 
pp. 189–205

9  Vascular Emergencies of the Retroperitoneum: Recent Advances in MDCT and Interventional Radiology



154

proximally and distally relative to the bleeding 
site, to prevent re-occurrence of hemorrhage. The 
indications for embolization are based on the 
hemodynamic stability of the patient and the 
extent of hemorrhage [7].

These advancements have become a useful 
adjunct in the treatment of persistent or recurrent 
bleeding and have also been used as a primary 
therapeutic approach in selected patients [18].

9.3.3	 �Arterial Injuries

9.3.3.1	 �Intimal Tear
Intimal disruption is one of the most common 
types of blunt aortic injuries detected in patients 
with blunt trauma [6]. It is due to an injury of the 
intima, while the media and adventitia remain 
intact, so a focal detachment of the internal aor-
tic layer occurs [4]. The intimal flap, dissected 
by the blood flow, may lead to thrombosis [6] 
due to the exposure of thrombotic subintimal 
factors, or can progress into a complete vessel 
dissection [4].

On MDCT, an intimal tear is identified as a 
linear endoluminal defect connected with the 
inner layer of the aortic wall [4, 7]. If the intimal 
flap measures less than 10  mm, conservative 
management is usually performed, and short-
term follow-up imaging is indicated [4, 5]. If the 
flap evolves into a dissection, endovascular inter-
vention is recommended.

9.3.3.2	 �IR Management
Appropriate management of traumatic aortic 
dissection isolated to the abdomen is not well 
defined to our knowledge [15]. The failure of a 
nonoperative approach to this condition sug-
gests that disease progression may be inevitable 
[15]. Some authors suggest that all traumatic 
abdominal aortic injuries should be treated 
either by endovascular stenting, if feasible, or 
by conventional prosthetic graft replacement in 
selected patients [19]. In comparison with spon-
taneous abdominal aortic dissection, which will 
be described later in the chapter, the surgical 
mortality is higher in trauma because of associ-
ated retroperitoneal venous injury and sepsis 

[20, 21]. Emergency surgery is recommended 
when medically uncontrolled hemodynamic 
shock, lower limb acute ischemia, proven isch-
emic medullar paraplegia, or tortuous iliac 
arteries are present [19].

Excluding these conditions, IR techniques 
provide a less invasive alternative [16]. Several 
studies [22–26] provide encouraging results with 
regard to IR treatment of acute traumatic dissec-
tion of the retroperitoneal aorta, especially in the 
inferior inframesenteric segment. Nevertheless, 
the potential complexity of the entry-re-entry 
scenario, and the risk of aortic wall injury, may 
require immediate laparotomy [27].

Deployment of an endoluminal stent-graft in 
a dissected abdominal aorta is challenging and 
has a high morbidity. Most of the problems occur 
from the anatomical variability, where the dis-
section flap can propagate distally [28]. As a 
result, the true and false lumens may appear in 
complex configurations, and the branch vessel 
origins may be distributed in unpredictable pat-
terns, occasionally in association with life-
threatening ischemia of the viscera and 
extremities. It is imperative to locate the primary 
entry tear, as aortic rupture is most frequent 
cause of death in patients with abdominal aortic 
dissection [29, 30].

In 1995, Peterson et  al. [8] and Nishimura 
et  al. [24] successfully treated an aortic dissec-
tion by percutaneous balloon fenestration fol-
lowed by stent placement. In both patients, lower 
limb ischemia was relieved, and a 2-year follow-
up did not reveal any abnormality. Later, Berthet 
et al. [19] published their results of small series 
of patients with traumatic abdominal aortic dis-
section who were treated using endovascular 
techniques by percutaneous stent placement. No 
deaths were related to the aortic dissection or its 
treatment, and no patient underwent endovascu-
lar fenestration. The authors proposed that iso-
lated fenestration only treats the ischemic 
consequences of the dissection without treating 
the cause; however, this is useful when the dis-
section extends above the renal arteries.

The placement of an aortic stent within the 
dissection is an alternative to fenestration, and 
experimental studies [31, 32] have demonstrated 
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that stenting is more efficient if stents are inserted 
at the site of the intimal tear and cover the entire 
dissected lumen.

IR treatment could be the first therapeutic 
option for the following reasons:

–– endovascular approach may be performed 
immediately after closure of a laparotomy for 
septic injuries [19]

–– a less invasive technique avoids aortic cross-
clamping and retroperitoneal dissection [19]

–– the limited length of dissection is a character-
istic feature of aortic injuries, making it easier 
to cover the whole dissection by stenting [23]

–– the use of short stent-grafts and deployment 
far from the T8 to L2 vertebrae further mini-
mize the risk of paraplegia, as compared with 
the risk of surgical aortic replacement and 
graft interposition [29, 30]

Endoluminal stent placement is a faster 
method than conventional surgery because it 
avoids the need for circulatory arrest and cross-
clamping of the aorta, and the associated isch-
emia and reperfusion injury [28].

9.3.3.3	 �Intramural Hematoma
Intramural hematoma of the abdominal aorta 
may be due to blunt trauma, and arises from a 

minimal intimal tear causing bleeding in the 
media tunic of the vessel wall [4, 34]. The sensi-
tivity of MDCT for the depiction of intramural 
hematoma is high, as it appears as hyperdense 
mural vessel thickening (Fig. 9.2). On such scans 
a manual adjustment of the window settings is 
recommended. Intramural hematoma is needed 
to treat because it can progress to frank aortic dis-
section [4, 33, 34].

9.3.3.4	 �IR Management
Intramural hematoma (IMH) of the aorta is a 
variant of dissection with no entry or false lumen 
flow and typically occurs in hypertensive patients 
with severe atherosclerotic disease [35]. 
Traumatic IMH of the aorta is a relatively rare, 
but potentially life-threatening disease. Blunt 
trauma patients with upper or lower back pain 
should be considered as possibly having IMH of 
the descending aorta (IMH—type B) in the emer-
gency department until it is diagnosed or excluded 
with imaging [36]. Fewer than 10% will resolve 
spontaneously [37], whereas 16–47% will prog-
ress to frank dissection [29]. Mortality may be 
reduced by early diagnosis and adequate treat-
ment [7].

Indications for endovascular treatment of trau-
matic IMH depend on symptomatic presentation, 
diameter increase, pseudoaneurysm formation, 

a b c

Fig. 9.2  Intramural hematoma following blunt trauma, in 
a 57-year-old man. Nonenhanced CT images in axial (a) 
and in coronal planes (b) show hyperdense mural thicken-
ing due to the recent bleeding, extending from the aortic 
arch to the abdominal aorta; (c) axial IV contrast-enhanced 
CT image shows that the hematoma does not enhance 
after contrast administration, and no intimal flap is seen. 

Figure 2 is reprinted with permission from Carrafiello G, 
Mangini M, Ierardi AM, Recaldini C, Cotta E, Piacentino 
F, Fugazzola C.  Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205

9  Vascular Emergencies of the Retroperitoneum: Recent Advances in MDCT and Interventional Radiology



156

or progression into acute aortic dissection during 
follow-up imaging. MDCT can depict the 
entrance tear, and endovascular aortic repair aims 
to close the entrance tear, with complete stent-
graft coverage of the IMH having the best thera-
peutic outcome [33, 36].

Most studies describing IMH have looked at 
small patient populations due to its relative rarity 
[38, 39]. Thus, the optimal therapy for this condi-
tion is still largely unknown to our knowledge 
[38, 40]. Trauma patients with IMH present with 
subacute or acute pain, which can progress to 
aortic dissection and can eventually rupture. 
Dilatation of 60 mm and above should undergo 
surgical treatment [41]. Uncomplicated IMH is 
treated conservatively with blood pressure regu-
lation and serial MDCT scans [42, 43]. 
Uncomplicated stable patients with retroperito-
neal IMH can be treated using endovascular tech-
niques [44, 45]. In a study [46] which compared 
early medical therapy with medical plus IR treat-
ment in IMH complicated by intimal tear, at a 
mean follow-up of 17.6 months, 10 of 11 medi-
cally treated patients demonstrated regression, 
and 5 of these patients (45%) had complete reso-
lution of their IMH. All those treated with endo-
vascular management had resolution. Song et al. 
compared medical therapy with endovascular 
therapy in 56 patients with IMH with a thickness 
more than 10 mm, or with sustained chest or back 
pain despite maximal medical therapy. The tech-
nical success was 100%, with no progression or 
mortality [47].

9.3.3.5	 �Pseudoaneurysms
A pseudoaneurysm is false aneurysm due to the 
disruption of the arterial wall layer, in which the 
blood flow is only contained by the connective 
tissue surrounding the vessel [34].

On MDCT, a pseudoaneurysm is an outpouch-
ing of the arterial wall, which is well defined, 
with endoluminal enhancement synchronous 
with those of the other arterial vessels. They may 
occur at the aorta or may involve other splanch-
nic arterial vessels due to blunt or penetrating 
trauma. They can also occur as a sequela of prior 
injury [48]. The majority of blunt trauma pseu-
doaneurysms occur in the thoracic aorta. 

Post-traumatic aortic pseudoaneurysm in the 
abdomen is very uncommon. Post-traumatic 
abdominal aortic pseudoaneurysm occurs due to 
penetrating injury of the upper abdomen, such as 
from a gunshot or knife wound [11]. Multiphasic 
CT is helpful for correct identification, and to 
distinguish them from active bleeding, as a pseu-
doaneurysm does not change its shape and 
decreases in attenuation value on delayed scans, 
and is isodense to the arterial structures [4, 49]. 
Pseudoaneurysms need to be treated because sev-
eral complications can occur, including rupture, 
fistula, mass effect upon the surrounding struc-
tures, infection, or thromboembolic events. The 
most severe and most common complication is 
rupture due to increase of the endoluminal pres-
sure [31, 51].

9.3.3.6	 �IR Management
Traumatic aortic pseudoaneurysm is a potentially 
lethal condition [52–54]. Advances in endovas-
cular techniques have provided options to treat 
traumatic pseudoaneurysms of the abdominal 
aorta and have led to a marked decrease in the 
morbidity and mortality rates [52]. A complete 
work-up to determine the location of the pseu-
doaneurysm and to evaluate surrounding struc-
tures and relevant vascular anatomy is essential 
for treatment, which should be tailored to the site, 
rupture risk, and clinical setting of the pseudoan-
eurysm, as well as to patient comorbidities [55]. 
IR management serves to exclude a pseudoaneu-
rysm from the circulation and has the advantage 
of accessibility to most locations of the arterial 
system, without the potential morbidity of open 
surgical repair. Baltacioglu et  al. [56] reported 
100% technical success in the treatment of 17 ret-
roperitoneal pseudoaneurysms with covered 
stents.

Selecting the optimal method depends on the 
size of the pseudoaneurysm neck and the expend-
ability of the donor artery [57]. There are several 
visceral arteries which have a well-established 
collateral supply, including the gastroduodenal, 
hepatic, and splenic arteries, and other upper gas-
trointestinal arteries [55]. When embolizing 
arteries with numerous collateral vessels, one 
must embolize both proximal and distal to the 
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pseudoaneurysm, to completely exclude it from 
the circulation, by preventing backflow from the 
collateral circulation [57]. A pseudoaneurysm 
arising from an inexpendable donor artery must 
be excluded from the circulation, while preserv-
ing the donor artery [55]. The width of the pseu-
doaneurysm neck relative to the diameter of the 
donor artery is the determining factor in the 
method used. A vital donor artery may be embo-
lized in certain emergent situations (e.g., rupture 
with active bleeding) [55]. If the neck is narrow, 
the pseudoaneurysm may be embolized with 
catheter-directed delivery of coils (the preferred 
embolization material) into the sac itself [55].

In IR, coils fall into two main categories: non-
detachable and detachable [55]. The nondetach-
able coils reassume their shape immediately after 
deployment from the catheter. These coils are 
available in a wide array of diameters and lengths. 
They are made of either stainless steel or, more 
recently, of platinum, which allows them to be 
softer and have a more complex (helical) shape. 
Consequently, such coils conform to the shape of 
and fill the pseudoaneurysm sac, so fewer coils 
are needed for the embolization [55]. However, 
because platinum coils are softer, initial place-
ment of stainless steel coils may be required to 
act as a scaffolding. Detachable coils are held to 
the pusher guide wire by either a mechanical or 
an electrochemically dissolvable connection, 
which is released to deploy the coil [55]. This 
facilitates more accurate deployment and the 
possibility of readjusting the position of the coil 
before its final deployment [55]. A disadvantage 
of using coils as an embolization material is the 
potential for recanalization of the embolized sac, 
if the coils are not tightly packed [55]. However, 
this drawback has been largely overcome with 
the use of soft helical coils, which may be tightly 
packed in the pseudoaneurysm sac [58]. Agents 
such as thrombin or N-butyl 2-cyanoacrylate 
(glue) may also be used, either alone or in addi-
tion to coils [57, 59]. Moreover, if the neck is 
wide, the pseudoaneurysm can still be embolized 
with catheter-directed delivery of embolization 
materials, but remodeling is required to prevent 
outflow of these materials into and distal emboli-
zation of the donor artery, and to ensure adequate 

embolization of the pseudoaneurysm sac [55]. 
This remodeling may be performed with the use 
of a stent cage, or by trapping the coils by means 
of temporary balloon occlusion of the donor 
artery between coil deployments [60]. If distal 
arterial embolization is a concern, detachable 
balloons may be used as the embolic agent [61]. 
Another option, if the pseudoaneurysm neck is 
wide, is stent-graft placement across the neck to 
exclude the pseudoaneurysm [60], although this 
procedure requires a higher profile and a stiffer 
delivery system than does catheter-directed coil 
embolization. As a result, the arterial anatomy 
and the caliber of the arteries leading to and at the 
pseudoaneurysm site should be favorable (i.e., 
reduced arterial tortuosity and large-diameter 
arteries). An additional reason for placing stent-
grafts only in larger arteries is that in small arter-
ies they pose a higher risk of thrombosis [55]. 
Visceral pseudoaneurysms, which are usually 
smaller and located off small and tortuous donor 
arteries, pose a particular challenge for stent-
graft placement.

Endovascular techniques have a lower com-
plication rate for the treatment of visceral 
pseudoaneurysms than surgical management 
[59, 61]. The main complication of IR tech-
niques is intraprocedural rupture of the pseu-
doaneurysm [62]. Rare cases of recanalization 
of the embolized vessel and reconstitution of 
arterial flow to the pseudoaneurysm have also 
been reported [62].

9.3.3.7	 �Artero-venous Fistula
Penetrating trauma may cause abnormal com-
munications between arteries and veins. In the 
retroperitoneum, aorto-caval fistulas may be 
detected following trauma or interventional pro-
cedures [63].

At MDCT, these may be seen only if an arte-
rial phase is performed; they appear as early 
venous opacification in the arterial phase. 
Furthermore, obliteration of the fat planes 
between the aorta and the vena cava may be 
detected and, less commonly, visualization of the 
abnormal communication may be identified [64]. 
Small fistulas may be asymptomatic but may 
enlarge over time, increasing the venous return 
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and causing severe hemodynamic alterations 
with congestive heart failure [64–66].

9.3.3.8	 �IR Management
Penetrating injury remains the most common 
cause of abdominal and pelvic arterio-venous fis-
tulae [67]. Although ACF due to penetrating 
wounds frequently have a severe acute presenta-
tion, iatrogenic fistulae produce less acute symp-
toms than traumatic and spontaneous aortic or 
iliac fistulae [7].

Surgical treatment includes repair of the fis-
tula, usually with direct suture and reconstruction 
of the aortoiliac aneurysm with a dacron graft 
[68]. Venous bleeding from the sac of the aneu-
rysm can be excessive, and careful and expedi-
tious control of the bleeding using digital 
compression, sponge sticks, or balloon catheters 
is imperative. Blood salvage and rapid return of 
the autologous blood in these patients can be life-
saving [7]. As in other complications of AAA, 
open surgical repair is associated with high mor-
bidity and mortality, which will be affected by 
the acute presentation and the preoperative rec-
ognition of the ACF. There are considerable dif-
ficulties with the open repair of central abdominal 
fistulae, which are related to the arterialization of 
venous structures and perivascular inflammation, 
resulting in an increased risk of substantial blood 
loss and pulmonary embolization [69].

The significance of this condition in the mod-
ern era, where endovascular aortic reconstruction 
(EVAR) is often performed, is when an ACF is an 
unexpected finding during open repair of rup-
tured abdominal aortic aneurysms (rAAA), this is 
a situation where exsanguinating hemorrhage 
may occur [69].

Endovascular stent-grafting offers an attrac-
tive therapeutic alternative to the open repair of 
ACF because it does not involve a laparotomy, 
there is less blood loss, it does not require general 
anesthesia, and therefore postoperative compli-
cation rates and costs are reduced [69]. 
Boudghene et al. [70] reported successful treat-
ment of ACF with percutaneous stent-grafts in an 
experimental study in which the ACF was created 
percutaneously in eight sheep. According to the 
literature review reported by Antoniou et al. [71] 

the technical success rate is 96%; however, the 
mean follow-up was only 9  months, with only 
one study reporting a follow-up of 24  months. 
The most common procedure-related complica-
tion was a type II endoleak, which was found in 
22% of the patients examined, but no standard-
ized imaging modality was used at follow-up. 
This event was either self-limiting or required 
minimal percutaneous intervention to correct 
[71]. Lau et al. [72] summarized that endovascu-
lar repair reduces blood loss and may reduce the 
significant morbidity and mortality rates often 
associated with open surgery. In cases of rAAA 
with associated ACF, the technique may offer its 
greatest benefits. From the reported literature, it 
seems that endovascular repair has a higher suc-
cess rate with regard to morbidity and mortality, 
but there is no consistency in patient selection or 
analysis as to whether these patients were oper-
ated on in an emergency setting or electively. In 
2009, a new hybrid technique was performed to 
treat a patient presenting with hemodynamic 
instability in the context of an acute ACF compli-
cating a large AAA which was unsuitable for 
standard endovascular repair. Siepe et al. treated 
this fistula by placing a large covered aortic stent 
into the inferior vena cava (IVC) [73]. This was 
successful in reducing central pressures, stabiliz-
ing arterial blood pressure, and allowing inotro-
pic support to be weaned. With the patient thus 
stabilized, standard open surgery on the AAA 
was performed, without the risk of massive blood 
loss from the large defect that was noted in the 
IVC covered by the stent-graft, once the aneu-
rysm sac was opened [73].

9.3.3.9	 �Bleeding
Active retroperitoneal bleeding (RB) may be 
seen after blunt or penetrating trauma; it repre-
sents an urgent condition that needs to be 
promptly treated. In blunt trauma, severe injuries 
to the abdominal aorta are uncommon due to the 
protected position of the abdominal aorta; the 
anatomic location of abdominal aortic injury is 
usually infrarenal. The most frequent sites of 
injury are at the level of the inferior mesenteric 
artery (33%), near the renal arteries (24%), and 
between the inferior mesenteric artery and the 
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bifurcation (19%) [74]. In the arterial phase on 
CT, a focal disruption with active bleeding of the 
arterial wall can be detected, with hematoma in 
the retroperitoneal space. The extraluminal con-
trast medium extravasation increases, and 
changes its morphology in the portal venous and 
late acquisitions. Only occasionally, a transection 
or disruption of the aorta with exsanguinating 
hemorrhage may be seen, as these injuries 
quickly lead to death [6, 11].

9.3.3.10	 �IR Management
Traumatic RB is a life-threatening condition that 
requires prompt and accurate diagnosis and 
treatment [75]. The high morbidity (40–50%) 
and mortality (5–30%) rates are due to the inabil-
ity to surgical control of such hemorrhage [7], 
which can be of arterial, venous, or osseous ori-
gin (the latter usually due to a pelvic fracture). 
Arterial injuries are the most common and the 
most severe [7].

Surgical exploration and controlling the bleed-
ing vessels are particularly arduous for the retro-
peritoneum region [17]. Thus, once a bleeding 
artery is kept under control, collateral supply to 

the same territory may lead to new hemorrhage 
[75]. That is why most surgeons avoid explora-
tion of the retroperitoneum in patients with RB 
[76]. Furthermore, surgery often carries the risk 
of lethal hemorrhage, by dissection of the retro-
peritoneal space and loss of passive tamponade 
of a hematoma [77].

When compared with surgical management, 
IR procedures are not only safe, fast, and less 
invasive, but also provide prompt treatment 
through trans-arterial embolization (TAE) of the 
bleeding vessel [78] (Fig. 9.3). Currently, thera-
peutic TAE is becoming increasingly used in the 
management of traumatic RB, either as definite 
method or as a surgical adjunct [79]. The effi-
cacy of TAE in the management of RP due to 
arterial hemorrhage in trauma patients has been 
demonstrated by Papakostidis et  al. [80], who 
reported a success rate, expressed in terms of 
hemorrhage control, and reduction in transfusion 
requirements, ranging from 85% to 100%. 
Recently, Velmahos et al. reviewed the medical 
records of 102 consecutive trauma patients who 
underwent TAE to stop RB, with angiographic 
and clinical bleeding control in 93 (91%). The 
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Fig. 9.3  Nonenhanced 
axial CT image shows 
retroperitoneal 
hematoma, in a 
45-year-old man (a); 
arterial phase 
demonstrates active 
bleeding from a lumbar 
arterial vessel (b, 
arrow); selective lumbar 
arteriogram confirms 
blush (c, arrow); 
postprocedural 
angiography shows the 
embolization of the 
lumbar artery (d, arrow)
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rate of successful hemostasis by TAE was identi-
cal in blunt and penetrating trauma patients. 
There was no major morbidity after TAE.  No 
factors predicted patients with a high likelihood 
to have a positive angiogram. Patients who had 
AE before or after a period of attempted hemo-
dynamic stabilization in the intensive care unit 
were no different with respect to hemodynamic 
parameters immediately before TAE or effec-
tiveness of TAE for bleeding control [18]. 
Selective catheterization and TAE of the bleed-
ing arterial branch should be carried out as 
quickly as possible, to avoid dangerous delays 
and complications related to multiple blood 
transfusions, prolonged hemodynamic compro-
mise, and extensive blood loss [18, 77]. 
Therefore, timing is of particular importance for 
TAE, but there is no consensus to our knowledge 
regarding the best time for embolization [18, 
75]. Early TAE may be used in selected patients 
as a front-line therapeutic intervention that offers 
expeditious hemostasis and prevents delays in 
definitive bleeding control [16]. Active RB due 
to an injury of small distal vessels can be treated 
by embolization using particles including poly-
vinylalcohol (150–300 μm), embospheres (300–
500  μm), or gelfoam in small segments. 
Microcoils have to be customized to the vessel 
diameter [7].

There are a few heterogeneous case series or 
reports on stent-grafts in the management of 
RB. Watarida et al. [81] reported the successful 
use of a fenestrated stent-graft to manage a 
RB. Traumatic aortic rupture with retroperitoneal 
hematoma can also be treated with a combined 
operative and endovascular approach [82]. In 
conclusion, percutaneous control of RB is a valu-
able therapeutic option in trauma patient, espe-
cially with TAE, which is a rapid, effective, and 
minimally invasive technique.

9.4	 �Venous Injuries

Blunt injuries to the central retroperitoneal veins 
are very unusual and are usually associated with 
other abdominal injuries. Only a few cases have 
been reported in the literature of blunt inferior 

vena cava injuries, to our knowledge [83]. The 
mortality rate is high, ranging from 34% to 70% 
[84]. The CT findings depend on the location of 
the injury. Blunt IVC injuries can be difficult to 
diagnose, since the contrast material extravasa-
tion as direct evidence of vascular injury may be 
absent, and other extensive parenchymal injury 
may be associated. Retrohepatic IVC injury is 
usually associated with extensive liver lacera-
tions into the porta hepatis and retrohepatic IVC 
region, or an irregular contour of the retrohepatic 
IVC [85, 86]. Injuries may vary from thrombosis 
to venous pseudoaneurysm formation, to active 
bleeding.

9.4.1	 �Thrombosis

Only a few cases of post-traumatic IVC throm-
bosis have been reported in the literature, to our 
knowledge [87]. There are several mechanisms 
that may be responsible, including endothelial 
injury of the caval wall with exposure of pro-
thrombotic factors and secondary thrombus for-
mation, caval stasis due to compression by a 
pericaval/retroperitoneal hematoma, hepatic 
vein thrombosis extending into the IVC, or a 
hypercoagulable state after major trauma [87]. 
The major risk of this condition is pulmonary 
embolism. Multiphasic MDCT examination rep-
resents the technique of choice for diagnostic 
purpose.

9.4.2	 �Traumatic Pseudoaneurysm

Similarly to arterial injuries, but much less com-
monly, veins may develop pseudoaneurysms 
after blunt or penetrating trauma due to an incom-
plete wall injury. Symptoms may include abdom-
inal pain, IVC syndrome, tachycardia, upper 
gastrointestinal bleeding secondary to venobili-
ary fistulas, hemorrhagic shock secondary to rup-
ture, and pulmonary embolus or other 
thromboembolic phenomenon secondary to IVC 
thrombosis [86]. These injuries need to be treated 
promptly, as they have high risk of a rupture with 
severe hemorrhage [88].
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9.4.3	 �Bleeding

In IVC injury, active bleeding represents the most 
severe complication needing prompt treatment. 
At MDCT, this is evident as active extravasation 
of intravenous contrast media, vessel contour 
abnormality, and associated retroperitoneal 
hematoma [84].

9.5	 �Nontraumatic Vascular 
Emergencies

9.5.1	 �Arterial

Nontraumatic acute aortic syndromes are a spec-
trum of life-threatening aortic pathologies with 
significant implications for diagnosis, therapy, and 
management. There is a common etiology, leading 
to a breakdown of the aortic intima and media.

The subtypes of aortic syndromes are acute 
aortic dissection, penetrating atherosclerotic 
ulcer, and aortic aneurysm, with potential associ-
ated complications.

9.5.2	 �Management

Management of nontraumatic retroperitoneal vas-
cular emergency is both difficult and challenging 
and requires a multidisciplinary approach. The 
control of RB can be accomplished by either sur-
gical or endovascular approaches and, in specific 
circumstances (e.g., spontaneous bleeding), by 
conservative management. The results of surgical 
exploration and primary repair in hemodynami-
cally unstable patients are well known [7]. This 
strategy is associated with a high mortality rate, 
ranging from 30% to 80%, regardless of the loca-
tion [7]. The high mortality rate is linked to the 
opening of the retroperitoneum space, which 
leads to suppression of the tamponade effect, dis-
ruption of the hematoma, and destabilization of 
patient [16]. Embolization is becoming more 
common as an alternative to open surgery in the 
treatment of RB following iatrogenic injuries, 
procedures including percutaneous lumbar sym-
pathectomy, renal biopsy, and percutaneous 

nephrostomy, or following iatrogenic iliofemoral 
vessel injuries [7]. Open surgery is indicated if the 
patient remains unstable despite adequate fluid 
and blood product resuscitation, or if IR is either 
not successful or is unavailable [7].

9.5.2.1	 �Acute Aortic Dissection
Acute aortic dissection is the most common acute 
aortic emergency condition. It arises from a sepa-
ration of the layers of the aortic wall. Due to an 
intimal tear, the blood flow enters the media; this 
results in two lumina, a true and a false lumen. 
Then, pressure may increase in the false lumen, 
impairing the blood flow in the true lumen and its 
branches [6, 34, 89] (Fig. 9.4).

MDCT findings of acute aortic dissection are 
eccentric aortic wall calcification on nonenhanced 
MDCT, a double aortic lumen, and direct visual-
ization of the media-intima entrance as an intimo-
medial flap defect on arterial-phase images. In the 
early angiographic phase, the true lumen appears 
smaller and more intensely opacified than the 
false lumen due to higher pressure and faster mix-
ing with blood [6, 89] (Fig.  9.4). The venous 
phase may help in differentiating between the true 
lumen and partially thrombosed false lumen. 
Rarely, a re-entry tear may be identifiable as a 
small defect in the dissected intimal layer [6, 89].

IR Management
The optimal treatment strategy for patients with 
aortic dissection confined to the abdominal aorta 
remains controversial to our knowledge [90]. 
Despite remarkably improved operative tech-
niques, surgical repair of the abdominal aorta is 
still associated with high morbidity and mortality 
[91]. Contemporary operative mortality rates of 
elective surgery range between 0% and 27%, but 
may exceed 50% in complicated dissection under 
emergency conditions [91, 92].

Currently, there is consensus that patients with 
otherwise uncomplicated abdominal aortic dis-
section should primarily be treated medically 
with tight blood pressure control, while reserving 
operative treatment for evolving complications 
[93]. Thus, the indications for operative treatment 
(open or endovascular repair of the abdominal 
aorta) of acute aortic dissection are basically the 
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same as for IMH [34, 37], and included active 
rupture, lower extremity ischemia, unremitting 
pain, associated aortic aneurysm, and prevention 
of future aneurysm formation.

In 1999, endovascular stent-graft closure of 
the proximal entry tear was introduced as a new 

treatment option for patients with type B acute 
aortic dissection [29, 30]. Aortic remodeling is 
accomplished by sealing the proximal entry tear, 
at the same time avoiding the risks associated 
with open surgery [94]. This rationale was origi-
nally based on the clinical observation that 
patients with spontaneous thrombosis of the false 
lumen have a better long-term prognosis than 
those patients without thrombosis [90].

As dissection may extend to the iliac arteries, 
aorto-bi-femoral grafting is the procedure of 
choice [95]. Currently, endovascular treatment of 
isolated dissection has been associated with a 
high rate of technical and clinical success, with 
reduced morbidity and mortality rates at experi-
enced institutions [19, 30]. A recent meta-
analysis reported 30-day or in-hospital mortality 
for type B acute aortic dissection of 0–27% 
(median, 7%) for medical treatment, 13–17% 
(median, 16%) for open surgical procedures, and 
0–18% (median, 6%) for endovascular aortic 
repair (EVAR) [39]. One study published in 2013 
[96] compared 853 patients with medical man-
agement for type B dissection to 276 receiving 
EVAR in a propensity-matched analysis. 
Although EVAR patients presented with more 
complications (pulse deficit, malperfusion syn-
drome, shock, stroke, spinal cord ischemia, vis-
ceral ischemia, or renal failure), in-hospital 
mortality was not different, and 5-year cumula-
tive probability of mortality was lower for EVAR 
than for medical management (15.5% vs. 29.0%, 
respectively). In 2005, Eggebrecht et  al. [93] 
published a meta-analysis encompassing 609 
type B dissection patients, demonstrating that 
endovascular stent-graft treatment of acute aortic 
dissection is feasible and can be performed with 
technical success rates of 95%. Furthermore, the 
acute and mid-term survival of about 90% at 
2 years following stent-graft placement compares 
favorably with medically and surgically treated 
type B acute dissection patients.

Neurologic complications and paraplegia 
remain the most potential complications of stent-
graft placement, as for surgical repair of type B 
dissection. Eggebrecht et  al. showed that the 
overall risk of neurologic complications with 
stent-grafting ranged between 2.9% and 3.4% 

a

b c

Fig. 9.4  Extensive dissection of the abdominal aorta in a 
64-year-old man with abdominal pain. (a) IV contrast-
enhanced axial CT image in the arterial phase shows the 
intimal flap of the abdominal aorta at the level of the supe-
rior mesenteric artery, with intraluminal thrombosis at the 
origin; (b) coronal and (c) sagittal MPR reformations per-
mit better appreciation of the extension of the dissection. 
Figure 4 is reprinted with permission from Carrafiello G, 
Mangini M, Ierardi AM, Recaldini C, Cotta E, Piacentino 
F, Fugazzola C.  Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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[93]. The 1% risk of paraplegia appears to be 
very low, considering that contemporary studies 
have suggested the risk of paraplegia after surgi-
cal repair of the descending thoracic aorta to be 
between 7% and 36% [91].

Patients undergoing stent-graft placement for 
acute dissections were found to be at higher risk 
of death and major complications than those with 
chronic aortic dissection, regardless of their age 
[93]. However, it should be recognized that in 
patients with acute aortic dissection implantation 
of stent-grafts is often prompted by complica-
tions of the dissection, making this patients more 
prone for higher complications and lower sur-
vival when compared with stable patients with 
chronic disease undergoing elective stent-graft 
placement [93].

Recent data suggest a strong influence of the 
interventional radiologists’ experience on the 
results of stent-graft placement [93]. Institutes 
that reported an overall endovascular experience 
of more than 20 patients treated with stent-grafts 
had higher success rates and fewer complications 
than less experienced centers [93].

Eggebrecht’s meta-analysis highlights some 
technical limitations of endovascular stent-graft 
placement in abdominal aortic dissection [93]. 
Stent-grafting fails to abolish the false lumen in 
about a quarter of patients, suggesting that it 

perhaps may not be a definitive treatment for 
type B dissection. Even in the presence of a false 
lumen’s thrombosis, the aorta may enlarge dur-
ing follow-up. Thus, there is a continued risk of 
aortic rupture (about 2% during follow-up) after 
stent-graft placement, and the need for adjunc-
tive stent-graft placement or conversion to open 
surgery in about 12% of patients over time [93]. 
Nevertheless, the incidence of aortic rupture and 
the need of repeat endovascular or surgical inter-
ventions may also be related to progression of 
the disease itself, and may not necessarily reflect 
treatment failure. This is supported by the fact 
that 11–20% and 10–44% of the patients with 
abdominal aortic dissection need repeat surgery 
when treated medically or surgically, respec-
tively [91].

9.5.2.2	 �Penetrating Atherosclerotic 
Ulcer

Penetrating atherosclerotic ulcer (PAU) is an 
ulceration in an atherosclerotic plaque penetrat-
ing the elastic lamina leading to hematoma for-
mation within the media tunic of the aortic wall 
[7, 33, 89] (Fig. 9.5). Nonenhanced MDCT 
shows high-density hematoma surrounding the 
ulceration. At enhanced MDCT, a PAU is seen as 
a focal contrast filled outpouching of the aortic 
wall in the setting of an atheroma [34] (Fig. 9.5).

a b

Fig. 9.5  Penetrating atherosclerotic ulcer of the abdomi-
nal aorta in a 76-year-old man. IV contrast-enhanced CT 
scans in the arterial phase in axial (a) and coronal planes 
(b) show endoluminal outpouching along the aortic bor-
ders, and focal thickening of the aortic wall due to intra-
mural hematoma. Figure 5 is reprinted with permission 

from Carrafiello G, Mangini M, Ierardi AM, Recaldini C, 
Cotta E, Piacentino F, Fugazzola C. Vascular Emergencies 
of the Retroperitoneum. Book chapter in: M.  Scaglione 
et  al., Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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IR Management
Penetrating atherosclerotic ulcers (PAUs) are 
most often found in patients with severe athero-
sclerosis, usually elderly patients with several 
comorbidities [33].

The indications and the techniques of PAUs 
treatment are still controversial to our knowledge. 
There is currently no clear cut-off for a PAU diam-
eter (depth) or neck diameter which warrants treat-
ment (in one publication a depth of >20 mm or a 
neck >10 mm was associated with higher compli-
cation rates) [97]. Although some authors believe 
immediate treatment is not always required [98], 
as most PAUs have a benign clinical courses, early 
intervention has been recommended when PAU is 
complicated by aneurysm expansion, regardless of 
size, rupture, embolic symptoms, or uncontrolled 
pain [99]. Open surgical repair with graft interpo-
sition has been used traditionally [66], but patients 
with PAU are generally not ideal candidates for 
open surgery because of patient age and poor gen-
eral status [99].

Aortic stent-grafts have changed the manage-
ment strategy for PAU. This less invasive proce-
dure is suitable for these high-risk patients, and 
can be useful in cases of rupture [100]. PAUs are 
ideal for endovascular repair, since there is usu-
ally a focal abnormality [100]. If IMH is present, 
the hematoma may be relatively limited, possibly 
due to concomitant atherosclerotic lesions caus-
ing medial fibrosis of the surrounding aorta and 
preventing expansion [99]. Stent-grafting of the 
PAU seals the diseased segment of the aorta, 
which reduces the wall stress and may decrease 
the chance of a PAU evolving into a dissection, 
IMH, or aneurysm [99]. Therefore, endovascular 
stent-grafting has been developed, and several 
reports about this technique applied to the treat-
ment of PAU have been published [100, 101]. 
Open surgical repair of the descending aorta 
requires clamping of the aorta, a large thoracot-
omy incision, possible cardiopulmonary bypass, 
and prolonged mechanical ventilation. Because 
endovascular surgery generally requires only a 
femoral or iliac arterial cut down for exposure, 
short operative times, and no clamping of the 
aorta, this less invasive procedure has the poten-
tial to substantially reduce the morbidity and 

mortality of definitive surgical correction of 
PAUs [98]. Between 2003 and 2005, 21 patients 
with aortic PAUs were treated with Gore TAG 
endoluminal stent-grafts as part of a single-center 
investigational device exemption protocol 
reported by Brinster et al. [98]. Despite the high 
number of comorbidities and advanced age in 
this patient population, there was no operative 
mortality. Postoperative morbidities included one 
re-operation for an occluded limb of an iliac–
femoral bypass graft, but no perioperative myo-
cardial infarctions, strokes, or paraplegias 
occurred. The use of just one device in 20 (95%) 
of 21 patients indicates that the focal nature of 
PAUs is optimal for treatment by endoluminal 
grafts. Additionally, because there has been a 
correlation between the length of the descending 
thoracic aorta covered by stent-grafts and para-
plegia rate, the single application of a single graft 
may have reduced the risk of postoperative neu-
rologic dysfunction. Freedom from end-point 
treatment failure was 100% [98].

These mid-term results of low morbidity and 
mortality compare favorably with previously 
published studies which have examined the use 
of stent-grafts in the treatment of PAU [100, 102], 
and indicate the success of EVAR for aorta 
PAU.  The combined success rate approaches 
100%, with very low morbidity and mortality 
compared to the traditional open techniques. 
PAUs may be uniquely suited for treatment with 
endovascular grafts in this patient population, by 
allowing a minimally invasive means to treat a 
focal anatomic disease.

9.5.2.3	 �Aortic Aneurysm Rupture
Abdominal aortic aneurysm occurs in 2–9% of 
the population >65  years. About 80% occur 
between the renal arteries and the bifurcation [7]; 
iliac aortic aneurysm is seen in 2–10% of patients 
with abdominal aortic aneurysm [7, 33, 89]. Most 
abdominal aortic aneurysms are true aneurysms, 
with aortic dilation caused by weakening of all 
the three layers. A true aneurysm involves all 
three layers (intima, media, and adventitia) of the 
arterial wall. Ninety percent of all aortic aneu-
rysms are caused by atherosclerotic damage to 
the aortic wall. Other etiologies include mycotic 

A. M. Ierardi et al.



165

and inflammatory [7, 34, 89]. In the abdominal 
aorta, aneurysms are defined by a diameter 
>30 mm, regardless of the age of the patient [34]. 
Rupture risk increases with the diameter, with 
upward of 30–33% risk of rupture for aneurysms 
larger than 70 mm [34].

Findings at MDCT of impending rupture 
include:

–– size increase more than >10 mm/year
–– focal new wall discontinuity of the intimal 

calcifications
–– eccentric shape of the aortic lumen
–– penetrating ulcer with intramural hematoma
–– periaortic stranding [89] (Fig. 9.6)

The rupture may present as a contained rup-
ture or free rupture. Differentiation between these 
two conditions is crucial in selecting proper treat-
ment. Most commonly the rupture involves the 
posterolateral aorta with hemorrhage into the ret-
roperitoneum; if the anterior or anterolateral wall 
is involved, an intraperitoneal rupture may occur 
[103]. A retroperitoneal hematoma adjacent to 
the aortic aneurysm is the most common CT find-
ing of abdominal aortic aneurysm rupture [104]. 
Another important finding that may be seen in 
contained rupture is the “draped aorta” sign, 
where the aorta is draped over and inseparable 
from adjacent vertebrae [7, 104]. The “crescent 
sign,” a peripheral crescent of increased 

a
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Fig. 9.6  Rupture of an abdominal aorta aneurysm in an 
80-year-old woman with abdominal pain and hypoten-
sion. (a) Note on the nonenhanced axial CT image the 
“crescent sign” due to acute hematoma in the left aneu-
rysm wall; (b) IV contrast-enhanced CT image in coronal 
plane showing active extravasation from the ruptured 
aneurysm, and associated retroperitoneal hemorrhage; (c) 
IV contrast-enhanced CT image in the coronal plane 
showing also the left perirenal hematoma; IV contrast-
enhanced CT image in the axial plane (d), coronal plane 

(e), and 3D-volume rendering (f), showing the complete 
exclusion of the aneurysm after endoprosthesis position-
ing. Figure 6 is reprinted with permission from Carrafiello 
G, Mangini M, Ierardi AM, Recaldini C, Cotta E, 
Piacentino F, Fugazzola C. Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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attenuation within the thrombus of an aortic 
aneurysm, is a CT sign of acute or impending 
rupture, but it is not highly sensitive or specific as 
an isolated CT finding [7, 104] (Fig. 9.6). Signs 
of uncontained rupture are seen with active bleed-
ing in the retroperitoneal or peritoneal spaces 
seen on arterial-phase images, which increases 
on the following phases.

IR Management
There is no universal agreement to our knowl-
edge about the role of EVAR for the treatment of 
aortic aneurysm rupture [34], but it is established 
that open repair has been associated with signifi-
cant morbidity and mortality, prolonged recov-
ery, and some late complications [105, 106]. 
Because of these limitations, many patients and 
their physicians choose EVAR, which has 
become an effective alternative, and currently 
there are several studies which compared endo-
vascular repair with surgical open repair [107–
114]. Approximately 50% of all patients with 
rAAA are suitable for EVAR [34, 54, 115], which 
is less invasive and has lower overall treatment 
costs [116, 117], reduced morbidity and mortal-
ity, and has short- and long-time survival advan-
tages over open surgery [105, 118]. The 30-day 
mortality after elective surgical repair in major 
randomized trials ranges from 2.7% to 5.8%, and 
is influenced by the volume of procedures per-
formed at the institution and the expertise of the 
surgeon [116]. Logistics plays a central role in 
the management of traumatic patient with rAAA: 
EVAR may not be possible if CT angiography 
cannot be done immediately after the triage in 
emergency department and if an operating room 
is not available [119]. A large randomized trial of 
EVAR and open surgery for rAAA [119] under-
lined the importance of CT to confirm the suit-
ability of endovascular repair of rAAA, without 
delaying treatment. Nevertheless, it is essential to 
have an early multidisciplinary approach [120], 
including a vascular surgeon, an interventional 
radiologist, emergency department physicians, 
anesthesiologists, operating room staff, and 
radiologic technologists [7]. Endovascular rAAA 
repair needs other validation in multicenter 

prospective studies, but is an evolving technique 
which offers the potential for improved outcomes 
in patients who otherwise have a high morbidity 
and mortality [15].

9.5.2.4	 �Aorto-enteric and Aorto-caval 
Fistulas

Aorto-enteric and aorto-duodenal fistulae are rare 
but frequently fatal complications which may fol-
low open abdominal aneurism repair [121] or 
aneurysm infection. The perivascular inflamma-
tion may spread and involve the adjacent tissue 
leading to the formation of a fistula tract. Most of 
aorto-enteric fistulas involve the duodenum, most 
commonly its third and fourth portions. CT fea-
tures of aorto-enteric fistulas include an abdomi-
nal aortic aneurysm, often with signs of rupture, 
and endoluminal and periaortic extraluminal gas, 
and contrast-enhanced CT may show contrast 
material extravasation from the aorta into the 
involved portion of the bowel [104, 121].

It has been reported that the overall prevalence 
of aorto-caval fistula is quite low, about 2–6%; 
such fistulas are caused by chronic perivascular 
inflammation, leading to erosion of the wall of 
the IVC.  Aorto-caval fistula causes hemody-
namic alteration with pulmonary congestion 
[122].

IR Management
Aorto-enteric fistulae (AEF) are rare but often 
fatal late complications of open repair with graft 
implantation or aneurysm infection [123]. The 
optimum management of AEF is currently not 
well defined to our knowledge, with a wide range 
of possible treatments. Several studies showed 
that replacement of the aneurysm with a pros-
thetic graft is preferable compared to other sur-
gical treatment [124–126]. However, the 
mortality rates of in situ grafting remain 30–40% 
in the past decades. Axillobifemoral bypass is 
reserved for patients with extensive local sepsis, 
but this approach is associated with high mortal-
ity rates [127]. The advent of endovascular tech-
niques has revolutionized the management of 
AEFs, especially for patients unsuitable for open 
surgery [128, 129]. Percutaneous aortic 
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endografts are now widely used, and new endo-
vascular approaches and other materials have 
been investigated [127]. A very recent system-
atic review by Kakkos et al. [130] showed that in 
a pooled analysis of 823 patients, EVAR was 
associated with a significantly reduced in-hospi-
tal mortality (7.1%) compared with open surgery 
(33.9%). Nevertheless, this difference mostly 
disappeared during the first 18–24 months after 
the procedure (2-year patient survival: 51% and 
40%, respectively), concomitant with a high sep-
sis rate (2-year rates 42% vs. 19% for open sur-
gery). A drawback of IR treatment is the 
increased risk of infection. Therefore, prophy-
lactic broad-spectrum antibiotics should be insti-
tuted as soon as the diagnosis is suspected [127]. 
Moreover, patients who have undergone AAA 
repair may need periodic imaging to monitor 
treatment efficacy [128]. Endovascular closure 
of AEFs has proven to be less durable than other 
open surgery techniques, with a higher recur-
rence rate (100% at 2  years), which was also 
observed for in situ repair with homograft and 
impregnated prosthetic grafts (32% and 29%, 
respectively, at 2  years), both associated also 
with a poor overall survival rate (40% and 23%, 
respectively, at 2 years) [130]. As long-term use 
of multiple antibiotics cannot guarantee an 
uneventful outcome in patients undergoing 
endovascular repair [131], the correct manage-
ment appears to consist of an urgent individual-
ized interdisciplinary approach, potentially 
combining EVAR for bridging and open surgery 
(which has better results when performed in 
patients not actively bleeding) as the definitive 
treatment [34, 132]. The exact timing and also 
type of such a definite repair may be difficult to 
choose, but based on the results of the Kakkos’ 
review [130], in situ repair with vein grafts or 
prosthetic grafts covered with omentum may be 
the best option, and can be performed within the 
first few weeks.

Primary aorto-caval fistulas (ACF) are a rare 
complication of AAA and involve fewer than 1% 
of all AAAs [69]. Penetrating traumatic injury is 
the most common cause of IVC fistulas. Their IR 
management has already been discussed.

9.5.2.5	 �Acute Thrombosis (Acute 
Leriche Syndrome)

Acute thrombosis of the aorta is a rare and severe 
disease, which is mostly seen in patients with 
severe atherosclerosis of the distal abdominal 
aorta and the iliac arteries. At MDCT, it is seen as 
an opacification defect in the arterial phase due to 
extensive endoluminal thrombosis (Fig. 9.7). It is 
important to evaluate the location of aortic steno-
sis, the extension of the occlusion, the involve-
ment of visceral arteries, and the extent of 
collateralization [7].

IR Management
Acute thrombosis of the aorta is rare [133], and 
although it may cause major thromboembolic 
complications, there is no standardized treatment 
to our knowledge [134].

Thrombolysis and anticoagulation have been 
used with variable success, but they carry the risk 
of distal embolism caused by partial lysis and 
dislodgment of the thrombus [135]. Simple 
thrombectomy according to Fogarty has declined 
in importance because of the high recurrence rate 
[136]. Surgical removal is now recommended as 
the treatment of choice by some authors [135, 
137]. However, the poor general condition of 
patients, especially those with associated cancer, 
may be less suited for standard surgery, and IR 
treatment will prove to be a preferred mode of 
management. Recently, several manuscripts have 
described the efficiency of stent-graft exclusion 
of the thrombus [138–142].

The advantages of IR techniques are not only 
to exclude the thrombus but also to cover the 
underlying atherosclerotic aortic wall to prevent 
recurrence [135]. Another benefit of IR is the pos-
sibility of combining the procedure with a periph-
eral embolectomy through the same surgical 
access. Shames et al. [138] performed endovascu-
lar stent-graft thrombus exclusion in eight patients 
at different locations with promising results. They 
observed no apparent embolic events during the 
stent implantation, and there was no evidence of 
recurrent emboli within a 12-month follow-up 
period, demonstrating the safety and efficacy and 
the safety of the procedure.
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Fig. 9.7  Complete aorto-bi-iliac thrombosis in a 63-year-
old man. (a) IV contrast-enhanced CT image in the coro-
nal plane in the arterial phase shows complete aorto-bi-iliac 
thrombosis; (b) pretreatment intraoperative digital sub-
traction angiography (DSA) showing the complete occlu-
sion of the distal abdominal aorta and of the iliac branches; 
(c) post-treatment DSA shows the recanalization of the 
treated vessels after stent-graft deployment; IV contrast-
enhanced CT images in the arterial phase in the sagittal 

(d) and coronal (e) planes and with a 3D-volume render-
ing (f), showing the successful procedure. Figure 7 is 
reprinted with permission from Carrafiello G, Mangini M, 
Ierardi AM, Recaldini C, Cotta E, Piacentino F, Fugazzola 
C.  Vascular Emergencies of the Retroperitoneum. Book 
chapter in: M. Scaglione et al., Emergency Radiology of 
the Abdomen, Medical Radiology. Diagnostic Imaging 
Editor: Springer-Verlag Berlin Heidelberg 2012; 
pp. 189–205
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The disadvantages are the inability to perform 
a pathological examination (necessary to differ-
entiate bland thrombus for aortic tumor), and the 
possible distal embolism and migration of the 
device caused by lodged thrombus between the 
stent-graft and the aortic wall [143]. Filter sys-
tems (e.g., temporary caval filters) are not appro-
priate for the aorta. Therefore, it is recommended 
that visceral and peripheral angiography should 
be routinely used at the end of the procedure, to 
identify potential embolic events caused by the 
intervention, so they can be treated simultane-
ously [140].

Because stent-graft placement for the acute 
aortic thrombosis has been rarely reported to our 
knowledge, there are no guidelines for the post-
operative management regarding anticoagula-
tion. Anticoagulation therapy should therefore be 
guided on an individual patient basis [143].

Concerning thrombosis of the superior mesen-
teric artery (SMA), the main nonsurgical treat-
ments are endovascular stent placement, 
catheter-directed vasodilation, or thrombolytic 
therapy [144]. Limited studies, however, are 

available in the literature to our knowledge, and 
these procedures continue to be controversial 
[144]. Undoubtedly, as the average life expec-
tancy increases and subsequently the number of 
elderly in our hospitals continues to grow, the 
need for endovascular thrombolytic therapy, 
angioplasty, and stent placement in either acute 
or chronic mesenteric ischemia will increase, 
especially when surgical therapy in some elderly 
is neither indicated nor safe [7, 144].

9.5.2.6	 �Spontaneous Bleeding
Spontaneous RB is a relatively uncommon but 
potentially lethal entity with a nonspecific pre-
sentation that can frequently lead to misdiagnosis 
and delayed treatment [145, 146]. If the patient is 
hemodynamically stable, the mainstay of man-
agement is a conservative approach, with with-
drawal of anticoagulation therapy, correction of 
coagulopathy, volume resuscitation, and support-
ive measures [7, 146]. In some patients, IR proce-
dures are necessary (Fig. 9.8). Surgery is rarely 
indicated and is reserved for patients with failed 
angiographic procedures, concurrent surgical 

a b

c d

Fig. 9.8  Spontaneous 
active bleeding in a 
retroperitoneal 
hematoma in a 
56-year-old man. IV 
contrast-enhanced CT 
images in the axial (a) 
and coronal (b) planes in 
the arterial phase show a 
right retroperitoneal 
hematoma, with active 
arterial bleeding; (c) 
selective angiogram of 
the feeding lumbar 
artery confirms a 
vascular “blush”; (d) 
angiogram performed at 
the end of the 
embolization with 
microcoils and sponge 
revealing complete 
embolization
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conditions, or with significant compressive 
symptoms on nervous system structures from 
hematoma formation [146, 147].

There is a growing trend in the use of IR tech-
niques as an alternative to open surgery in the 
management of RB, whatever the etiology [148]. 
The main options are selective intra-arterial 
embolization or stent-grafts to stop the bleeding. 
Intra-arterial embolization is being used with 
increasing frequency in patients where the angio-
gram shows active bleeding sites [17]. In a series 
reported by Isokangas et  al., four patients were 
operated on prior to embolization, but surgery 
failed to control the bleeding. Embolization using 
a combination of agents, including coils, gelatin, 
and/or polyvinyl alcohol, has been used. Coils 
are probably the safest, but Isokangas et al. com-
mented that proximal coiling of the bleeding 
artery may not be sufficient in the retroperito-
neum, where there is a rich network of collateral 
arteries, and new arterial pathways may develop 
after obliteration of the lumbar arteries [6, 149], 
so the embolic agents should be placed both 
proximal and distal to the bleeding site to prevent 
re-bleeding.

Panetta et al. [150] stated that hemodynamic 
instability despite 4 or more units of blood trans-
fusion within 24 h, or 6 or more units of blood 
transfusion within 48 h, is an indication for urgent 
investigation and IR treatment. Embolization 
should be performed whenever arterial extravasa-
tion is seen. Sharafuddin et al. [151] showed that 
selective arterial embolization was successful in 
a series of five patients, although re-bleeding 
occurred in one patient. Subsequent small case 
series have shown similar results [152].

9.6	 �Venous

9.6.1	 �Inferior Vena Cava Thrombosis

IVC thrombosis is a rare but severe disease which is 
associated with a high rate of mortality [153] 
(Fig. 9.9). IVC thrombosis may arise from an iso-
lated thrombus, or may be due to propagation from 
the iliac veins. Isolated IVC thrombosis is 

commonly associated with outflow obstruction of 
the IVC, such as in Budd-Chiari syndrome, IVC 
anomalies from tumoral invasion, or from external 
compression by a mass or hematoma. IVC thrombo-
sis can initially be asymptomatic and may be 
revealed after sudden pulmonary embolism [7, 153].

9.6.1.1	 �IR Management
IVC thrombosis is a rare but severe disease which 
is associated with a high rate of mortality. The 
management of IVCT has no universal agree-
ment and continues to be the target of continued 
research [153]. Although anticoagulation therapy 
remains fundamental in treating IVCT, its inher-
ent limitations have led to the use of minimally 
invasive, endovascular treatment options, includ-
ing transcatheter thrombolysis, mechanical 
thrombectomy, or a combination of these 
techniques.

The primary goals of treatment for IVCT 
include prevention of pulmonary embolism, res-
toration of unobstructed venous return, preven-
tion of recurrent deep venous thrombosis (DVT), 
and preservation of venous valve function [154].

To achieve these goals, the guidelines from 
the Society for Vascular Surgery and the 
American Venous Forum advocate early throm-
bus removal strategies for acute DVT [155], but 
these recommendations are mostly applicable for 
the treatment of primary IVCT.

The strategy of early deep venous thrombus 
removal is suggested if the selected patients meet 
the following criteria [155]:

–– first episode of acute iliofemoral DVT
–– fewer than 14 days of symptoms
–– low risk of bleeding
–– good functional capacity and acceptable life 

expectancy

The evidence for treatment of primary IVCT 
with IR procedures is predominantly extrapo-
lated from lower extremity DVT treatment data 
[153]. Unless contraindicated by a significantly 
increased risk of RB, urgent endovascular treat-
ment is recommended for those patients with 
severe acute DVT associated with 
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limb-threatening compromise, or worsening 
IVCT despite anticoagulation therapy [156].

Alkhouli et al. [157] reported a total of 2674 
patients with IVCT; among them 718 patients 
were treated with catheter-directed therapy, and 
the others were managed with anticoagulation 
alone. This study, along with the reports from the 
Catheter-Directed Venous Thrombolysis 
(CaVenT) trial [158], suggests the main benefit 
from IR treatment for IVCT patients is the 
reduced risk of developing post-thrombotic 
syndrome.

Limitations of the catheter-directed therapy 
include lengthy thrombolytic infusions in an 
intensive monitored setting with the inherent 
risks related to hemorrhage [153]. Among the 

473 patients included in the national multicenter 
registry [156], bleeding complications were 
reported in 54 (11%), neurologic complications 
in 2 (0.4%), and death in 2 (0.4%) for the treat-
ment of DVT.

Moreover, a current limitation is patient access 
to care, as not all healthcare facilities may have 
the availability to the endovascular intervention-
alists skilled in these advanced techniques to pro-
vide optimum management for IVCT [7, 153].

In conclusion, although there is a scarcity of 
data in the literature regarding the management 
of IVCT, and although there is no consensus 
regarding the most successful approach, accumu-
lated evidence advocates endovascular strategies 
as a safe option for the treatment of IVCT [153].

a b

c d

Fig. 9.9  Acute left iliac 
vein and IVC 
thrombosis in a 
67-year-old woman. IV 
contrast-enhanced CT 
image in the coronal 
plane (a) and in a 
coronal MIP (b), 
showing thrombosis of 
the left iliac vein and 
IVC; (c) transjugular 
vein access DSA 
confirms the thrombosis; 
(d) postprocedural DSA 
after caval filter 
placement. Figure 9 is 
reprinted with 
permission from 
Carrafiello G, Mangini 
M, Ierardi AM, 
Recaldini C, Cotta E, 
Piacentino F, Fugazzola 
C. Vascular Emergencies 
of the Retroperitoneum. 
Book chapter in: 
M. Scaglione et al., 
Emergency Radiology of 
the Abdomen, Medical 
Radiology. Diagnostic 
Imaging Editor: 
Springer-Verlag Berlin 
Heidelberg 2012; 
pp. 189–205
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�Conclusion

Vascular emergencies of the retroperitoneum 
can be traumatic or nontraumatic, arterial, or 
venous in origin. Their management is chal-
lenging and requires multidisciplinary 
approach. MDCT with intravenous contrast is 
the primary imaging modality for the diagno-
sis of retroperitoneal vascular injuries, and to 
assess whether medical, interventional, or sur-
gical management—or a combination of 
these—is necessary. Currently, there is a 
growing trend in the use of interventional radi-
ology techniques as an alternative to open sur-
gery. Advances in interventional radiology 
technique permit less invasive treatments for 
the management of retroperitoneal vascular 
emergencies, using several methods including 
embolization, balloon occlusion, and stent-
grafting. Open surgery is still indicated if the 
patient remains hemodynamically unstable, or 
if IR techniques are either not successful or 
unavailable.
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Abstract

Acute abdominal pain in pregnancy presents 
diagnostic and therapeutic challenges. Prompt 
diagnosis and treatment are crucial for the 
well-being of the mother and the fetus, and 
imaging is often required to clarify the clinical 
picture. Ultrasound (US) remains the primary 
imaging modality for the pregnant abdomen 
and pelvis because of its availability, portabil-
ity, and absence of ionizing radiation. US can 
often be used to elucidate the cause of abdom-
inal and pelvic pain, particularly if the pain is 
due to an obstetric or gynecologic abnormal-
ity. However, evaluation of the bowel, pan-
creas, ureters, and mesenteric vasculature may 
be limited on US because of patient body 
habitus, a small field of view, and the presence 
of overlying structures, especially in the later 
stages of pregnancy. Magnetic resonance 
imaging (MRI) has been shown to be highly 
useful in the diagnosis of acute gynecological 
and obstetric disorders, and particularly in the 
setting of an acute abdomen during pregnancy. 
MRI is often used when US is inconclusive. 

Computed tomography (CT) is the imaging 
examination of choice when there is a life-
threatening situation, and in patients with 
trauma, when a rapid diagnosis is required, 
and US is not diagnostic.

Keywords

Acute abdominal pain · Pregnancy · Ultrasound  
Computed tomography · Magnetic resonance 
imaging

10.1	 �Obstetric Causes

10.1.1	 �Ectopic Pregnancy

An ectopic pregnancy (EP) occurs when a fertil-
ized ovum implants outside the normal uterine 
cavity. The incidence of EP is approximately 
11/1000 pregnancies, and it remains the main 
cause of maternal death during the first trimester 
[1]. Risk factors for EP include tubal damage fol-
lowing surgery or infection, smoking, in  vitro 
fertilization, and advanced maternal age [2]. EP 
is most commonly located in the ampullary por-
tion of the fallopian tube (80%), and less com-
monly in sites including the interstitial portion of 
the fallopian tube (2%), the cervix (<1%), a 
cesarean scar (6%), the anomalous rudimentary 
horn of the uterus (0.2–2%), and the peritoneal 
abdominal cavity (0.9–1.4%) [3].
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EP should be suspected in any woman of 
reproductive age when a positive blood pregnancy 
test is associated with acute abdominal/pelvic 
pain, vaginal bleeding, and a tender adnexal mass.

Early diagnosis and treatment of EP are cru-
cial in order to reduce maternal mortality and to 
preserve future fertility. The initial evaluation 
includes a quantitative measurement of serum 
human chorionic gonadotropin (hCG), and trans-
vaginal ultrasound (US).

Transvaginal US has reported sensitivities of 
87.0–99.0% and specificities of 94.0–99.9% for 
the diagnosis of EP [1]. In 15–20% of patients, 
US provides a definitive diagnosis, showing an 
extrauterine gestational sac (GS) containing a 
yolk sac and/or embryo which may or may not 
have cardiac activity [1]. More frequently, it is 
only suggestive of an EP, showing an adnexal 

mass and pelvic free fluid. The adnexal mass may 
appear as a sac-like ring, solid, or complex [4].

MRI is an excellent problem-solving imaging 
modality when US is equivocal or inconclusive 
before intervention or therapy. MRI provides 
additional information for complicated forms of 
EP, when the diagnosis is unclear and US is 
equivocal, in particular for unusual implantation 
sites [5, 6]. MRI offers the benefits of multiplanar 
imaging, absence of ionizing radiation, excellent 
soft-tissue contrast, and more specific character-
ization of tissues and fluids. MRI can be per-
formed only in hemodynamically stable patients. 
Reported MRI findings of EP include a GS-like 
structure which typically appears sac-like, an 
adnexal or abdominal hematoma, tubal dilatation 
due to hemosalpinx, and tubal wall enhancement 
(Fig. 10.1) [7].

a

c

b

d

Fig. 10.1  A 29-year-old woman presented with amenor-
rhea for 7 weeks, abdominal pain, and vaginal bleeding; 
serum hCG level was elevated. Transvaginal 3D sono-
gram (a) in sagittal plane shows a GS at the level of the 
tube (arrow). CT of the pelvis (b) shows a GS (arrow). 

Axial (c) T2-weighted MR image and axial contrast 
T1-weighted image (d) of the pelvis show a left GS mea-
suring 10  mm in diameter, surrounded by a thick wall, 
which is a tubal pregnancy associated with hemoperito-
neum (arrow)
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Expectant management is an option for clini-
cally stable asymptomatic women with an US 
diagnosis of EP and a decreasing serum hCG 
value, initially lower than 1500 mIU/mL. Medical 
therapy, using methotrexate (MTX), should be 
offered to women with a serum hCG value lower 
than 5000  mIU/mL and minimal symptoms. 
Surgery is usually needed when EP causes severe 
symptoms, bleeding, or when high hCG levels 
are present. Laparoscopic surgery is typically 
used. For a ruptured EP, emergency laparotomy 
is needed [1].

10.1.2	 �Placental Abruption

Placental abruption (PA) is defined as the pre-
mature separation of the implanted placenta 
before the delivery of the fetus. It complicates 
approximately 1% of all pregnancies, and is a 
major obstetrical complication associated with 
an increased risk of substantial fetal and mater-
nal morbidity and mortality [8]. Several risk 
factors have been associated with PA, including 
young or advanced maternal age, previous his-
tory of PA and/or cesarean section, multiparity, 
cigarette smoking, multiple gestations, hyper-
tensive and thrombophilic disorders, abdominal 
trauma, and polyhydramnios [9]. The main clin-
ical features are vaginal bleeding, abdominal 
pain, uterine contractions or uterine tenderness, 
and signs of fetal distress. The most important 
US criteria for PA (sensitivity 80%, specificity 
92%) are the detection of pre-/retroplacental 
fluid collections, evidence of marginal subchori-
onic or intra-amniotic hematomas, increased 
placental thickness (>5  cm), and jelly-like 
movements of the chorionic plate [10, 11]. 
However, 25–50% of hematomas, mostly retro-
placental, are undetectable using US [11–13], 
because the echotexture of recent hemorrhage is 
similar to that of the placenta [14], or because of 
small dimensions. Moreover, clots resulting 
from chronic abruption may drain through the 
cervix. MRI is superior to US for the evaluation 
of placenta hemorrhage, because it improves 
soft-tissue contrast and has a wider field of view 
[15]. Diffusion- and T1-weighted MR sequences 

(sensitivity, respectively of 100% and 94%; 
diagnostic accuracy, respectively of 100% and 
97%) are more accurate than T2-weighted half-
Fourier RARE (sensitivity 94%; diagnostic 
accuracy 87%) and true FISP sequences (sensi-
tivity 79%; diagnostic accuracy 90%) for the 
detection of PA [15]. Moreover, MRI can be 
used to date hemorrhage on the basis of the 
paramagnetic effects of methemoglobin and to 
classify intrauterine hematomas as hyperacute 
(first few hours, intracellular oxyhemoglobin), 
acute (1–3  days, intracellular deoxyhemoglo-
bin), early subacute (3–7  days, intracellular 
methemoglobin), late subacute (≥14  days, 
extracellular methemoglobin), and chronic 
(>4 weeks, intracellular hemosiderin and ferri-
tin) [16].

Due to abruption may rapidly worsen, requir-
ing rapid surgical delivery to prevent adverse 
maternal and fetal outcomes, an accurate diag-
nosis of PA and, possibly, the prediction of its 
worsening are extremely important when con-
sidering initial conservative treatment. The 
presence of a hematoma with hyperacute or 
acute MR signal intensity characteristics may 
correlate with progression of the abruption to 
higher grades. Because of the possible rapid and 
unpredictable worsening of abruption, it is 
important to avoid any delay in performing MRI 
(Fig. 10.2).

In summary, MRI is an extremely accurate 
modality able to identify placental abruptions, 
even in patients with negative US findings. It 
is important to note that signs of acute or 
recent bleeding within a hematoma are indica-
tive of a potentially unstable abruption, 
whereas hematomas with late subacute bleed-
ing are stable [8].

10.1.3	 �Placental Adhesive Disorders

Placental adhesive disorders (PAD) include pla-
centa accreta (placental villi attached to the myo-
metrium), placenta increta (placental villi 
invading the myometrium), and placenta percreta 
(placental villi penetrating up to the uterine 
serosa). The incidence of PAD is 1  in 2000 
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pregnancies, with a rapid increase in recent years, 
reflecting the rising number of cesarean sections 
and other uterine surgery [17]. The presence of 
acute abdominal pain is generally related to pla-
centa percreta.

US is the first imaging modality used to diag-
nose PAD. Sonographic features include loss of 
the normal hypoechoic retroplacental myome-
trium zone, thinning or disruption of the hyper-
echoic uterine serosa-bladder interface, focal 
exophytic masses, and lacunae in the placenta 
(this latter finding is the most predictive sono-
graphic sign, with a sensitivity of 79%, and a 
positive predictive value of 92%) [18]. Color 
Doppler can add information and, when three 
dimensions are available, can often help to distin-
guish placenta accreta from placenta percreta, 
highlighting areas of increased vascularity with 
dilated blood vessels that cross the placenta and 
the uterine wall [19].

MRI is not used as the first imaging modality 
to diagnose PAD, but can provide additional 
information in equivocal patients, especially 
those with a posterior placenta and previous 
myomectomy [20, 21].

Intravenous (iv) contrast-enhanced MR 
images can improve the confidence in the diagno-
sis of PAD, but their use is limited in pregnancy 
since gadolinium-based contrast agents, classi-
fied as category C drugs by the Food and Drug 

Administration (FDA), cross the placenta, and 
are excreted by the fetal kidneys into the amni-
otic fluid [5]. Lim et al. [22] found that the vol-
ume of dark placental bands (first described by 
Lax) was the most predictive MRI finding in true 
PAD. Derman et al. confirmed that the most reli-
able MR sign is a larger dark band on T2 HASTE 
images [23]. They added an additional finding: 
vessels of 6 mm or larger which presumably cor-
respond to lacunae. Moreover, when there is pla-
centa percreta, MRI is able to depict infiltration 
of adjacent organs by showing tenting of the 
bladder, interruption of the myometrial line, and 
direct infiltration of pelvic organs [18].

In conclusion, if US findings suggest possible 
percreta or are inconclusive or negative in an at-
risk woman, MRI can be very useful. Invasion of 
adjacent organs can be seen better on MRI than 
on US. Situations in which MRI may also con-
tribute additional information include women 
with placenta previa with a posterior or lateral 
implantation, a posterior scar from a myomec-
tomy, a history of difficult placental removal in 
the past with a posterior or lateral placenta in the 
present pregnancy, or a history of endometrial 
ablation (Fig. 10.3) [18].

The correct and prompt diagnosis of placenta 
percreta is important because this condition may 
cause uterine rupture, requiring an emergency 
cesarean section.

a b c

Fig. 10.2  A 25-year-old woman at 28 weeks gestation, 
with acute pelvic pain and vaginal bleeding. Coronal 
T2-weighted MR image (a) shows intrauterine clot, with 
hypointense areas along the left side of the uterine cavity, 
and extending inferiorly to cover the uterine ostium 

(arrow). Coronal T1-weighted fat-saturated gradient-echo 
(b) and diffusion-weighted images (c) show a large sub-
chorionic hematoma with heterogeneous signal due to 
acute and subacute bleeding (arrow)
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10.1.4	 �Uterine Rupture

Uterine rupture is a rare obstetrical complica-
tion and frequently results in life-threatening 
maternal and fetal compromise. It occurs when 
a full-thickness disruption of the uterine wall, 
which also involves the uterine serosa, is pres-
ent. A 10-year study by Gardeil et  al. showed 
that the overall rate of unscarred uterine rupture 
during pregnancy was 1 per 30,764 deliveries 
(0.0033%) [24]. Congenital uterine anomalies, 
multiparity, uterine myomectomy and/or cesar-
ean deliveries, fetal macrosomia, labor induc-
tion, and uterine trauma all increased the risk of 
uterine rupture. The classic signs and symptoms 
of uterine rupture are fetal distress, loss of uter-
ine contractility, abdominal pain, hemorrhage, 
and shock. Diagnosis of uterine rupture by US 
relies on nonspecific and secondary signs, 
including free fluid or hematoma formation. In 
comparison to US, MRI is less operator-depen-
dent and provides a more comprehensive 

examination with a larger field of view. MRI 
allows for better evaluation of soft tissues than 
both CT and US. Finally, MRI allows clear visu-
alization of the uterine wall; therefore, it helps 
to diagnose both antepartum uterine rupture 
when US is indeterminate, showing the tear 
itself, as well as other uterine wall defects, 
including uterine dehiscence and uterine saccu-
lation (Fig. 10.4) [11, 25].

A correct differential diagnosis between com-
plete uterine rupture and uterine dehiscence is 
important to choose the most appropriate man-
agement. When a diagnosis of complete uterine 
rupture is established, the immediate stabiliza-
tion of the mother and the surgical delivery of the 
fetus are imperative. In contrast, expectant man-
agement can be used after the diagnosis of uter-
ine dehiscence [24].

Fig. 10.3  A 29-year-old woman at 32 weeks gestation, 
with acute pelvic pain and vaginal bleeding. Coronal T2 
HASTE image shows multiple irregular areas of the pla-
centa bulging into the myometrium, with marked invasion 
of the bladder, and a bicornuate uterus (arrow). These 
findings indicate placenta percreta. A hysterectomy was 
performed at delivery, which confirmed the MR findings

a

b

Fig. 10.4  A 38-year-old woman was admitted at 
26 weeks gestation, with vomiting and acute abdominal 
pain. Axial T2-weighted HASTE (a) and T1-weighted fat-
saturated MR images (b) show posterior extravasation of 
amniotic fluid into a hernia sac which contains a small 
fluid level (arrow). These findings are consistent with a 
partially sealed uterine rupture. Note the presence of 
hemoperitoneum
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10.2	 �Gynecological Causes

10.2.1	 �Adnexal Masses

The incidence of adnexal masses during preg-
nancy is approximately 1% [26]. Common adnexal 
cystic masses include simple cysts, hemorrhagic 
cysts, and hyperstimulated ovaries in patients who 
have undergone assisted fertility. Lower abdomi-
nal and pelvic pain is the most common symptom. 
Although ovarian cyst torsion or rupture is uncom-
mon in pregnancy, some women may require 
emergency surgery for these complications. US is 
the imaging examination of choice for the primary 
evaluation of adnexal masses, but is less accurate 

for the assessment of complex or indeterminate 
masses, even when combined with color Doppler. 
Further evaluation with MRI may be indicated for 
diagnosis, especially when the findings are not 
clear on US. MRI has been shown to be more spe-
cific and accurate than US and Doppler assess-
ment, with an accuracy ranging from 83% to 89%, 
compared with 63% for US [27]. MRI can be used 
to determine, using frequency-selective fat satura-
tion, whether a mass contains fat, which can be 
highly useful in the diagnosis of a teratoma. MRI 
can be used to help distinguish benign ovarian 
cysts from ovarian neoplasms, because of the pres-
ence of papillary projections and nodular septae in 
neoplasms (Fig. 10.5) [28].

a c

d

eb

Fig. 10.5  A 35-year-old woman at 30 weeks gestation, 
with acute pelvic pain. Coronal (a) and axial (b and c) 
T2-weighted MR images show a complex mass, with fluid 
and solid components in the left ovary (arrow). 
Hemorrhagic areas are seen on an axial T1-weighted 

sequence (d). Axial DWI image shows reduction of diffu-
sion in relationship to the high cellularity of the solid com-
ponent of the mass (e). Cystoadenocarcinoma was 
confirmed at surgery
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Most ovarian masses diagnosed in pregnancy 
are benign and resolve spontaneously. Surgical 
management is warranted when masses are sus-
picious for malignancy, are at high risk for tor-
sion, or are clinically symptomatic. With 
increasing numbers of successful laparoscopic 
procedures reported in pregnancy, laparoscopy 
appears to be a safe option with trained and expe-
rienced providers [28].

10.2.2	 �Adnexal Torsion

Adnexal torsion (AT) is the fifth most common 
gynecologic surgical emergency. The incidence 
of AT among women of reproductive age is esti-
mated at 9.9 per 100,000 women [29]. Pregnancy 
is a risk factor for AT.  According to previous 
studies, 13.7% of patients with AT were pregnant 
[29]. The most common causes of AT during 
pregnancy appear to be corpus luteum cysts, and 
ovarian hyperstimulation syndrome (OHSS) 
associated with assisted reproductive technolo-
gies (ART).The clinical signs and symptoms are 
often confused with those of other abdominal 
conditions, and the imaging features are some-
times nonspecific. US is the first imaging modal-
ity used to evaluate suspected AT in pregnancy. 
US findings include an enlarged ovary with mul-
tiple peripherally located follicles, a twisted vas-
cular pedicle (the “whirlpool sign”), and free 
pelvic fluid. Normal Doppler flow can be 
observed in 45–61% of all patients with AT [30, 
31]. MRI should be performed after inconclusive 
US.  Asymmetric enlargement of the ovary and 
stromal edema are well demonstrated by MRI, 
especially using T2-weighted sequences 
(Fig. 10.6). A twisted vascular pedicle can also 
be observed by MRI. Ovarian hemorrhage, a fre-
quent consequence of torsion, can be identified 
on MRI, especially using T1-weighted MR 
images, where blood products are hyperintense 
[30].

It may be necessary to perform a CT in emer-
gency situations, for example, when there is sub-
stantial associated hemoperitoneum.

The missed diagnosis of AT can lead not only 
to ovarian necrosis and sepsis, but also threaten 

the pregnancy. An early diagnosis and subse-
quent laparoscopic management are needed, and 
they are related to favorable maternal and fetal 
outcomes.

10.2.3	 �Uterine Leiomyoma

Leiomyomas have a prevalence during pregnancy 
of up to 20%. They have been associated with an 
increased obstetrical complication rate, including 
an increased incidence of spontaneous abortion, 
fetal malpresentation, intrauterine growth restric-
tion, placenta previa, labor dystocia, placental 
abruption, retained placenta, preterm labor, pre-
mature rupture of membranes, postpartum hem-
orrhage, and an increased frequency of cesarean 
sections [32]. Leiomyomas are usually asymp-
tomatic during pregnancy. However, abdominal 
pain and uterine contractions can result from 
their degeneration and necrosis. The Muram cri-
teria have been used to evaluate the presence of a 
leiomyoma by US.  They included visualization 
of a spherical mass with a diameter ≥3 cm; dis-
tortion of the adjacent myometrium by the mass; 
and a distinctive echogenicity, differentiating the 

Fig. 10.6  Ovarian torsion in a 29-year-old woman at 
34 weeks gestation, who presented with acute pelvic pain. 
Coronal T2-weighted MR image shows an enlarged, 
edematous right ovary (arrow), with peripheral follicles
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mass from myometrium [33]. In acute hemor-
rhagic infarction (red degeneration), US shows 
heterogeneous or hyperechoic mass, and later 
anechoic components resulting from cystic 
necrosis [5]. MRI is the most accurate imaging 
technique for the detection and localization of 
leiomyomas. On T2-weighted MR images, non-
degenerated leiomyomas appear as well-circum-
scribed masses of decreased signal intensity. 
Leiomyomas with hemorrhagic degeneration 
often exhibit diffuse or peripheral high signal 
intensity on T1-weighted MR imaging and vari-
able signal intensity on T2-weighted MR imag-
ing [34, 35].

There is no consensus, to our knowledge, 
regarding the best approach to the treatment of 
symptomatic leiomyomas during pregnancy. 
Conservative therapy is the first option to be con-
sidered. Myomectomy may be performed in 
selected patients, with low perioperative and 
postoperative morbidity, in symptomatic, subse-
rosal, or pedunculated leiomyomas with signs of 
degeneration, after the failure of conservative 
treatment [35].

10.3	 �Non-obstetric 
and Gynecological Causes

10.3.1	 �Urolithiasis

Renal colic is the most frequent non-obstetric 
and gynecological cause for abdominal pain and 
subsequent hospitalization during pregnancy. 
Symptomatic nephrolithiasis complicates 1  in 
3300 pregnancies, with an incidence ranging 
from 1:200 to 1:1500 [36]. Renal colic has been 
associated with several pregnancy complica-
tions, including preterm labor and delivery, 
recurrent abortions, hypertensive disorders, ges-
tational diabetes, and cesarean sections [37]. US 
is the first investigation when there is a suspicion 
of urinary tract calculus disease during preg-
nancy. It is operator dependent, and its sensitiv-
ity for the depiction of nephrolithiasis during 
pregnancy ranges from 34% to 92.5%. Moreover, 
it is highly nonspecific, and ureteral obstruction 
secondary to calculi and physiological 

hydronephrosis may not be distinguishable. 
Transvaginal US can be helpful to evaluate the 
distal ureter and to help distinguish obstruction 
from physiological hydronephrosis, the latter of 
which can occur in up to 90% of pregnant 
patients in this situation. Doppler-assisted mea-
surement of the resistive index (RI) (peak sys-
tolic velocity of intrarenal blood flow minus the 
end-diastolic velocity, divided by the peak sys-
tolic velocity) has shown some promise in preg-
nancy. The RI does not appear to be affected by 
the physiologic hydronephrosis of pregnancy. 
An elevated RI (>0.70) should not therefore be 
attributed to pregnancy. Absence of a “ureteral 
jet” (passage of urine at the ureterovesical junc-
tion) on the suspected side of an obstruction has 
been reported to have a sensitivity of 100% and 
a specificity of 91%. Patients should be imaged 
in the contralateral decubitus position to decrease 
false-positive results [38, 39].

When results are equivocal, half-Fourier single-
shot turbo spin-echo (HASTE) magnetic reso-
nance urography (MRU) without IV contrast is 
safe and effective. It is comparable to CT accuracy 
and is now considered second-line during preg-
nancy when available. Calculi appear as signal 
voids within the high signal of urine of a dilated 
ureter. The presence of a standing column of urine 
below the level of the pelvic brim, in addition to 
proximal ureteral dilation, is strongly suggestive 
of an obstructing distal ureteral calculus (“double 
kink sign”). Other MRI features which suggest 
pathologic rather than physiologic hydronephrosis 
include an unusual site of obstruction (including 
the ureteropelvic junction or ureterovesical junc-
tion), an abrupt ending of the ureter (rather than a 
smooth tapering at the level of the pelvic brim), 
and perinephric or periureteral edema (Fig. 10.7) 
[6, 36]. MRI is helpful in demonstrating complica-
tions including pyelonephritis, which are visual-
ized as an enlarged, edematous and heterogeneous 
kidney. Areas of focal pyelonephritis have lower 
signal intensity on T2-weighted MR images and 
restricted diffusion on diffusion-weighted MR 
images. In unresolved patients, low radiation dose 
noncontrast CT remains a reliable technique for 
depicting obstructing urinary tract calculi in 
pregnant women.

G. Masselli et al.



187

A conservative approach should be the initial 
management in all pregnant patients with symp-
tomatic ureteral calculi. Conservative treatment, 
which requires close communication between 
the urologist and obstetrician, includes hydration 
(oral or intravenous), analgesia, antibiotics (if 
infection is present), antiemetics, rest, and rou-
tine sieving of the urine. If conservative approach 
fails, stenting with ureteral double-J stent place-
ment may be performed as an initial procedure in 
patients who have fever and/or proximal ureteral 
calculi. Percutaneous nephrostomy (PCN) 
should be reserved for patients with urosepsis or 
pyonephrosis if a stent cannot be placed. 
Ureteroscopy with a Holmium laser has become 
the procedure of choice in pregnancy for symp-
tomatic calculi less than 1  cm, and in those 
patients without evidence of sepsis or a history 
of renal transplant [36].

Anti-inflammatory agents and iv antibiotics 
are required in the treatment of pyelonephritis. 

Rarely, rapid spread of infection may result in a 
perinephric abscess. This may occur due to a 
delay in diagnosis, incorrect treatment, diabetes 
mellitus, or an immunocompromised state. 
Aggressive treatment with intravenous antibiot-
ics and surgical drainage of the abscess are indi-
cated [36].

10.3.2	 �Gastrointestinal Causes

10.3.2.1	 �Acute Appendicitis
Acute appendicitis occurs in approximately 
1:2000 pregnancies and is the most common non-
obstetric surgical emergency in pregnancy. Fetal 
mortality is as high as 37% if the appendix perfo-
rates. Thus, early and accurate diagnosis of 
appendicitis in pregnant patients is critical to pre-
vent adverse outcomes to both mother and fetus.

Clinical examination and laboratory tests are 
often altered during pregnancy, potentially 

a b

Fig. 10.7  A 32-year-old woman was admitted at 30 weeks 
of gestation with acute abdominal pain. A standing column 
of urine below the level of the pelvic brim, in addition to 
proximal right ureteral dilation (arrow), is strongly sugges-
tive of an obstructing distal ureteral calculus (“double kink 
sign”) on these maximal intensity projection MR urography 

images (a, b). Other MRI features which suggest patho-
logic rather than physiologic hydronephrosis include an 
unusual site of obstruction (such as the ureteropelvic junc-
tion or ureterovesical junction), an abrupt ending of the 
ureteral dilatation (rather than a smooth tapering at the level 
of the pelvic brim), and perinephric and periureteric edema
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leading to a delay in diagnosis. US is the first 
investigation used to diagnose acute appendicitis, 
with the same parameters as for nonpregnant 
patients, including visualization of a blind-end-
ing, dilated (>6–7 mm in diameter), aperistaltic 
and noncompressible tubular structure arising 
from the cecum [40]. US of the appendix, with 
reported sensitivity and specificity values rang-
ing from 50% to 100% and from 33% to 92% 
respectively, is a highly operator-dependent 
examination and can be limited by the pregnant 
body habitus, especially in the later stages of ges-
tation [41]. If the appendix is not visualized by 
US, the multiplanar capacity and the excellent 
soft-tissue contrast of MRI make it an optimal 
test for suspected acute appendicitis. MR features 
of a normal appendix include a diameter less than 
6  mm, an appendiceal wall thickness less than 
2 mm, low luminal signal intensity on T1- and 
T2-weighted images, and no periappendiceal fat 
stranding or fluid. MRI features of appendicitis 
include an appendiceal diameter greater than 
7 mm, an appendiceal wall thickness greater than 
2 mm, high-signal-intensity luminal contents on 
T2-weighted images due to fluid or edema, and 
hyperintense periappendiceal fat stranding and 
fluid [37, 42]. MRI has been described as an 
effective modality for the diagnosis as well as 
exclusion of appendicitis during pregnancy, with 
100% sensitivity and 94% specificity reported 
[37]. If MRI cannot be performed, because of 
absolute contraindications or it is not available, 
CT is an alternative.

If appendicitis is strongly suspected clinically, 
surgical management is indicated, even in the 
face of indeterminate imaging findings. This is 
justified in view of increased maternal and peri-
natal morbidity and mortality if the diagnosis is 
delayed or missed. Laparoscopic appendicec-
tomy has also been reported as a successful pro-
cedure during pregnancy [40].

10.3.2.2	 �Intestinal Obstruction
Intestinal obstruction in pregnancy is relatively 
rare. It is the second most common non-obstetric 
reason for abdominal surgical intervention dur-
ing pregnancy. The incidence ranges from 1  in 
1500 to 1  in 66,000 deliveries [43]. Adhesions 

from previous abdominal surgery are the most 
common etiology of this condition (60–70%). 
An additional 25% result from volvulus, while 
intussusception causes approximately 5% [44]. 
The common symptoms of intestinal obstruction 
in pregnancy include abdominal pain (98%), 
vomiting (82%), and constipation (30%). US 
may show dilated loops of bowel with fluid lev-
els and aperistalsis, but the point and the cause of 
bowel obstruction usually remain undetermined. 
CT is the mainstay imaging modality which is 
used in the management of small bowel obstruc-
tion in nonpregnant patients. In pregnant 
patients, however, CT exposes the fetus to ion-
izing radiation. MRI is capable of providing 
large field-of-view images of maternal abnor-
malities with excellent soft-tissue contrast. 
Furthermore, the images obtained with MRI do 
not expose the fetus to ionizing radiation and are 
often diagnostic without the need for iv adminis-
tration of contrast. MRI, using multiplanar 
T2-weighted single-shot fast spin-echo (SSFSE) 
sequences, confirmed the presence and identified 
the site of bowel obstruction in approximately 
70% of patients [10, 45].

If undiagnosed, intestinal obstruction is asso-
ciated with increased maternal and perinatal mor-
tality. Correction of electrolyte disturbances, 
emergency laparotomy (midline), and resection 
and anastomosis or decompression of the bowel 
are the mainstay of management [43].

10.3.3	 �Hepatobiliary Causes

10.3.3.1	 �Acute Cholecystitis
The prevalence of gallstones in pregnant women 
is 5–12% [6]. A right upper quadrant US is the 
most appropriate initial imaging examination for 
the evaluation of suspected acute cholecystitis in 
pregnancy. US findings of acute cholecystitis 
include gallbladder distension (>5 cm in diame-
ter), wall thickening (>3  mm), pericholecystic 
fluid, and wall hyperemia, as in nonpregnant indi-
viduals. A sonographic Murphy’s sign is defined 
as the presence of maximal tenderness elicited by 
direct pressure of the transducer over a sono-
graphically localized gallbladder. This sign was 
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present in 99% of 497 non-pregnant patients with 
suspected acute cholecystitis [46, 47]. MRI is the 
most appropriate second-line imaging examina-
tion to evaluate known or suspected biliary tract 
disease during pregnancy. MRI findings include 
gallbladder wall thickening of greater than 3 mm, 
increased signal intensity in the gallbladder wall 
(edema) on T2-weighted images, increased signal 
intensity surrounding the gallbladder (perichole-
cystic fluid) on T2-weighted images, and a signal 
void in the cystic duct or gallbladder neck due to 
an obstructing calculus. Complications include 
perforation and pericholecystic abscess. MRI has 
a positive predictive value of up to 100% for 
accurate diagnosis of acute cholecystitis in preg-
nant and nonpregnant patients [37].

Management involves iv fluids to correct elec-
trolyte imbalance, analgesics and anti-inflamma-
tory agents, nasogastric suction, and intravenous 
antibiotics. Recurrent attacks of cholecystitis and 
complications including empyema or perforation 
warrant surgery. Percutaneous drainage of an 
associated abscess may be warranted. 
Laparoscopic cholecystectomy has been per-
formed successfully during pregnancy [46].

10.3.3.2	 �Acute Pancreatitis
Acute pancreatitis is relatively rare in pregnancy, 
with an estimated incidence of approximately 
1  in 1000 to 1  in 10,000 pregnancies. The inci-
dence increases with gestational age; 53–79% of 
patients are diagnosed in the third trimester. More 
than 65% of such patients have acute pancreatitis 
during pregnancy from gallstones [48]. Patients 
typically present with abdominal pain, nausea, 
vomiting, and elevated serum amylase and/or 
lipase levels. US of the right upper quadrant is a 
safe and relatively inexpensive test; although it 
has low diagnostic value for acute pancreatitis, it 
can reliably depict the gallstones and biliary dila-
tation. The value of US is limited by intestinal 
gas and by patient body habitus. Magnetic reso-
nance cholangiopancreatography (MRCP) with-
out iv contrast (gadolinium) should be considered 
when the US findings are indeterminate. It 
enables the evaluation of the pancreatic paren-
chyma, and the diagnosis or exclusion of com-
mon bile duct calculi with a sensitivity of over 

90%, without exposing the mother or the fetus to 
ionizing radiation [49]. At MR, the peripancre-
atic fluid and edema associated with pancreatitis 
appear as high signal intensity surrounding the 
pancreas on T2-weighted MR images. Biliary 
and pancreatic ductal dilatation can also be seen. 
Complications of acute pancreatitis which can be 
identified on MR include abscess, pseudocyst, 
pancreatic necrosis, and splenic vein thrombosis 
[37].

Although unrecognized and untreated pancre-
atitis may be associated with increased maternal 
and perinatal morbidity and mortality, it is gener-
ally a self-limiting illness. Supportive treatment 
with iv fluids, correction of electrolyte imbal-
ance, glucose levels, serum calcium levels, and 
keeping the patient nil by mouth are the mainstay 
of treatment. In severe disease, nasogastric tube 
suction and total parenteral nutrition may need to 
be considered. Rarely, if the patient’s condition 
deteriorates, emergency surgery may be indi-
cated to remove the etiologic gallstones [49].

10.3.4	 �HELLP Syndrome

The incidence of HELLP syndrome is reported 
as 0.2–0.6% of all pregnancies and 10–20% of 
women with comorbid pre-eclampsia [50]. 
HELLP syndrome is characterized by three 
diagnostic lab criteria: hemolysis (H), elevated 
liver function tests (EL), and low platelet count 
(LP). In some patients, elevated liver function 
tests are associated with right upper quadrant or 
epigastric pain. The main US findings are 
hepatic edema, ascites, and hepatomegaly. 
Acute complications of HELLP syndrome 
which are more readily identified at MR imag-
ing include intra- and extra-hepatic hematomas, 
hepatic edema due to early ischemia, and hepatic 
necrosis [37].

Management includes control of blood pres-
sure, prevention of seizures, and correction of 
coagulation abnormality, and delivery. The role 
of corticosteroids is controversial, to our knowl-
edge. Distension of Glisson’s capsule of the liver 
may lead to hepatic rupture. Patients may present 
with acute upper abdominal pain and 
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hemorrhagic shock. Emergency laparotomy with 
repair of liver laceration, packing to control 
bleeding, and correction of coagulation abnor-
malities with recombinant factor VII need to be 
considered. Very rarely, hepatic resection or 
hepatic artery ligation may need to be undertaken 
as potentially life-saving measures [50].

10.3.5	 �Vascular Causes

10.3.5.1	 �Venous Thromboembolic 
Disease

During pregnancy, venous stasis and hypercoag-
ulability increase the risk of venous thrombosis. 
Venous stasis is due to a combination of 
progesterone-induced venodilation, pelvic 
venous compression by the gravid uterus, and 
pulsatile compression of the left iliac vein by the 
right iliac artery. Most venous thromboembolic 
events occur in the lower extremities. However, 
pregnant patients are also at increased risk for 
pelvic, hepatic (Budd-Chiari syndrome), mesen-
teric, and gonadal venous thrombosis. Prompt 
diagnosis and treatment of venous thrombosis 
during pregnancy are essential to avoid potential 
complications including thrombophlebitis, occlu-
sion of the inferior vena cava and renal veins, and 
pulmonary embolus. Mesenteric venous throm-
bosis, a possible cause of bowel infarction, is dif-
ficult to diagnose, as patients typically present 
with nonspecific and poorly localized abdominal 
pain [41].

Although the preferred imaging examination 
for evaluating venous disease is iv contrast-
enhanced CT or MR, venous disease during preg-
nancy can be detected with the same MR 
sequences performed for suspected appendicitis 
in pregnancy. For example, a true FISP sequence 
can demonstrate the presence (high signal inten-
sity) or absence (low signal intensity) of flow 
within veins. It can also demonstrate a luminal 
thrombus as a low-signal-intensity filling defect 
in an otherwise high-signal-intensity patent 
abdominal or pelvic vein. In contrast, thrombosis 
or absence of flow in a vein on T2-weighted MR 
images appears as absence of the normal low-
signal-intensity flow void of a patent vessel. On 

T1-weighted images, a venous thrombus can be 
of variable signal intensity, depending on the age 
of luminal blood products [36]. However, images 
from these nonenhanced MR imaging sequences 
should be interpreted with caution, as nonen-
hanced sequences can be limited by flow signal 
artifacts [51].

Low-molecular-weight heparin (LMWH) is 
frequently recommended for the treatment of 
pregnancy associated venous thromboembolism. 
When acute episodes occur, LMWH should be 
continued throughout pregnancy [41].

10.3.6	 �Gonadal Vein Dilatation

Unenhanced true FISP, T2-weighted, and 
T1-weighted MR sequences can also demon-
strate the caliber of abdominal and pelvic vessels. 
In particular, the MR images from an examina-
tion performed for possible appendicitis should 
also be reviewed for enlargement of the gonadal 
veins as a potential cause of abdominal pain.

Although gonadal vein dilatation is a common 
and typically normal finding in pregnancy as the 
veins dilate to accommodate increased blood 
flow, dilatation of the gonadal vein itself or result-
ing extrinsic compression of the ureter by the 
enlarged gonadal vein has been referred to as 
right ovarian vein syndrome [52]. Very rarely, 
rupture of the dilated right ovarian vein during 
pregnancy has been described [53]. However, 
ovarian vein dilatation is a diagnosis of exclusion 
when it is the only finding at MR imaging to 
account for a pregnant patient’s abdominal pain.

�Conclusion

Determining the cause of acute abdominal and 
pelvic pain in pregnant women can be difficult 
because of the multiple confounding factors 
found in normal pregnancy. Pelvic US is the 
preferred primary imaging investigation, but 
may be of limited value due to the altered 
body habitus, a small field of view, and the 
presence of interfering overlying structures. 
MR imaging is extremely accurate for the 
identification of both obstetric and non-obstet-
ric causes, and should be used when US 
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findings are nondiagnostic or equivocal. In 
unresolved patients, CT remains a reliable 
technique for depicting obstructing urinary 
tract calculi in pregnant women.
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Abstract

Magnetic resonance (MR) imaging can be 
used as a primary or secondary modality in 
the evaluation of acute pelvic pain in women. 
MR avoids the ionizing radiation exposure 
of computed tomography (CT) and provides 
a larger field of view with greater detail than 
ultrasound. This chapter first addresses prac-
tical considerations including scanner 
strength, intravenous gadolinium contrast 
use, and essential MR sequences. Then pel-
vic inflammatory disease, ectopic pregnancy, 
and ovarian torsion are reviewed with an 
emphasis on the MR imaging findings. At 
the end of this chapter, the reader should be 
able to structure an MR protocol, implement 
it in an emergency department setting, and 
recognize the common causes of acute pel-
vic pain on MR.

11.1	 �Introduction

Magnetic resonance (MR) imaging has sufficient 
spatial resolution and soft-tissue contrast to accu-
rately diagnose most disease processes present-
ing as acute pelvic pain. Ultrasound (US) is the 
preferred initial modality used for the evaluation 
of pelvic pain due to its low cost and absence of 
ionizing radiation, but US has limitations, and 
additional cross-sectional imaging is often 
needed in women presenting with acute pelvic 
pain. In a study of pregnant women presenting 
with acute pain, 30% of CT scans performed 
after a normal US showed acute pathology [1]. 
CT is widely available, but growing societal con-
cern over ionizing radiation has led to increased 
use of MR in place of CT, particularly in chil-
dren, women of reproductive age, and pregnant 
women.

MR imaging is now available 24/7  in many 
hospitals with busy emergencies departments, 
driven in part by neuroimaging, and can be an 
effective tool for body imagers. Radiologists can 
facilitate adoption of MR in the emergency 
department by streamlining patient screening/
scheduling, developing efficient MR protocols, 
and ensuring that the radiologists responsible for 
covering the emergency department are familiar 
with acute MR findings. Most gynecologic emer-
gencies are traditionally characterized with ultra-
sound, and many radiologists in the past have not 
been exposed to MR imaging of acute pelvic pain 
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during training. The classic US findings are often 
translatable to MR, however, and much of the 
literature promoting the use of MR for acute 
body imaging is descriptive [2–7]. Peer-reviewed 
scientific publications are more limited, but have 
revealed instances when MR can be prognostic or 
affect patient management.

This chapter will address the practical aspects 
of implementing MR imaging for acute pelvic 
pain in the ER, and then will review the MR fea-
tures of the most common gynecologic 
emergencies.

11.2	 �MR Protocol

11.2.1	 �Magnetic Strength

Both 1.5 Tesla and 3 Tesla MR scanners can be 
used to image the female pelvis, with minor 
trade-offs in image quality, acquisition time, and 
availability. A comparison of 1.5 T and 3 T MR 
imaging of the female pelvis showed similar 
overall image quality [8], with increased motion 
artifacts on 1.5 T images, and increased inhomo-
geneity on 3 T images. Qualitative evaluation of 
the cervix, vagina, and ovaries was better at 3 T 
than at 1.5 T. The improved spatial resolution of 
3 T may be necessary for staging gynecological 
malignancy [9], but the minor differences in 
image quality are unlikely to impact the diagno-
sis of acute pathology. An optimized 3 T proto-
col just can permit fast acquisitions (less than 
10 min) which are motion insensitive and high 
resolution [10], but 1.5  T scanners are more 
widely available and have less competition with 
acute neuroimaging examinations for MR scan-
ner time. 3 T scanners are preferable for pelvic 
imaging, but quality diagnostic imaging can be 
achieved with either field strength with opti-
mized protocols.

In pregnant women there are theoretical risks of 
fetal heating and fetal hearing damage from MR 
scanning. No adverse effects have been reported in 
any trimester at 1.5 T or 3 T, to our knowledge; 
however, the American College of Radiology 
guidelines on MR safety recommend screening of 
reproductive age women for pregnancy before 
MR, but there is no contraindication to MR 

imaging at 3 T or 1.5 T during the first trimester, or 
at any other point during pregnancy. Some institu-
tions may choose to obtain written informed con-
sent prior to MR scanning in known pregnant 
patients, but this is not a universal practice [11].
The radiologist ideally should monitor these 
examinations and use only the necessary sequences 
in pregnant patients.

11.2.2	 �Gadolinium Contrast

Gadolinium-based intravenous contrast agents 
are routinely used when imaging the female pel-
vis, if not contraindicated due to allergy, impaired 
renal function, or pregnancy. Intravenous con-
trast is not as essential for MR imaging of the 
pelvis as it is for CT, since enhancement patterns 
are often less important than anatomic and mor-
phologic changes evident on noncontrast 
imaging.

Gadolinium-based intravenous contrast agents 
have a good safety profile in properly selected 
nonpregnant patients. Mild nonallergic adverse 
reactions are much more common than allergic 
reactions, and fatal reactions are rarely reported 
[12]. There is little evidence to support premedi-
cation with corticosteroids and diphenhydramine, 
but premedication is still recommended in the 
rare person with a prior allergic reaction to 
gadolinium-based intravenous contrast agents. 
Where the reaction was mild/relatively mild, and 
the repeat use of IV gadolinium contrast material 
is otherwise indicated. Premedication prior to 
intravenous gadolinium is not recommended in 
those with documented allergy to iodinated con-
trast agents or “shellfish.”

Patients with impaired renal function are at 
risk for the development of systemic nephrogenic 
fibrosis, and gadolinium-based intravenous con-
trast agents should be restricted in patients with a 
glomerular filtration rate of 15–30  mL/
min/1.73 m2, and should be avoided in patients 
with a glomerular filtration rate of <15  mL/
min/1.73 m2. If gadolinium is to be administered 
to a patient with impaired renal function, 
lower-risk gadolinium-based agents including 
gadobutrol (Gadovist®, Gadavist®), gadoterate 
meglumine (Dotarem®, Magnescope®), or 
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gadoteridol (Prohance®) should be used when 
available [13].

GBCAs are not routinely administered to preg-
nant patients or to patients with suspected preg-
nancy. No adverse outcome to the mother or fetus 
in humans has been reported after GBCA admin-
istration to our knowledge, but no large trial has 
assessed its safety. GBCAs have been shown to 
cross the placenta and to accumulate in amniotic 
fluid. This creates the potential for prolonged gad-
olinium exposure to the fetus and mother, and a 
theoretical risk of connective tissue disease. The 
limited potential benefit of GBCAs administra-
tion in pregnant women outweighs potential risks 
in most patients [12]. GBCAs administration can 
be considered selectively in patients with nonvia-
ble pregnancy, known extrauterine gestation, or 
pregnancy of unknown location.

11.2.3	 �Essential MR Sequences

T2-weighted sequences are the foundation of 
pelvic MR imaging, with T1-weighted in- and 
opposed-phase, post-contrast T1-weighted, 
diffusion-weighted, and balance steady-state free-
precession sequences adding complementary 
information. A basic examination should start 
with partial Fourier single-shot turbo spin-echo 
sequences (HASTE, SS-TSE, SS-FSE) in the cor-
onal, axial, and sagittal planes, a T2-weighted fast 
spin-echo sequence with fat suppression in the 
axial plane, and T1-weighted in- and opposed-
phase sequences in the axial plane.

The single-shot turbo spin-echo sequences are 
preferably breath-hold acquisitions, but can be 
performed with free breathing. They are rela-
tively motion insensitive and often provide suffi-
cient anatomic detail for initial differential 
diagnosis. The axial T2-weighted turbo spin-
echo (TSE) sequence with fat suppression (FS) 
complements the single-shot technique by 
increasing the conspicuity of cysts, free fluid, 
edema, and inflammation. The axial gradient-
recalled echo (GRE) T1-weighted in- and 
opposed-phase sequence helps with the identifi-
cation of blood products, fat-containing masses - 
particularly dermoid cysts - and can accentuate 
pathologic gas.

If gadolinium-based intravenous contrast 
agents are used, an axial pre-contrast T1-weighted 
gradient-recalled echo (GRE) sequence with fat 
suppression (VIBE, LAVA, or THRIVE) pre-
cedes a post-contrast sequence, with the same 
imaging parameters. Sagittal and coronal post-
contrast images are often helpful and may be 
added if the examination is not time constrained. 
Post-contrast imaging permits characterization of 
focal abnormalities, hyperemic or inflamed tis-
sue, demonstrates vessel patency, and may show 
nonenhancement of a torsed ovary. If intravenous 
gadolinium is not administered, a steady-state 
free-precession sequence (TrueFISP, Balanced 
FFE, or FIESTA) can be added to characterize 
the patency of the pelvic vasculature.

Diffusion-weighted imaging (DWI) should be 
considered in all patients undergoing pelvic MR 
and is increasingly seen as an essential sequence 
with a growing body of evidence supporting its 
use. Abscesses, masses, lymphadenopathy, and 
inflammation are made more conspicuous on 
DWI. Small studies have shown improved char-
acterization of pelvic inflammatory disease [14], 
ovarian vein thrombophlebitis, and hemorrhagic 
infarction of a torsed ovary [15, 16] when DWI is 
employed. If high-quality DWI is routinely 
obtained, the low B-value sequence may function 
in place of the axial T2 fast spin-echo fat-
suppressed sequence, to save time, as low B-value 
DWI is essentially a heavily T2-weighted fat-
suppressed sequence.

11.3	 �Pelvic Inflammatory Disease

11.3.1	 �Background

Pelvic inflammatory disease (PID) is classified 
into three distinct subtypes: acute, subacute, and 
chronic. Acute PID manifests in less than 30 days 
and often presents with acute pelvic pain, vaginal 
discharge, abnormal vaginal bleeding, dyspareu-
nia, and dysuria. It is caused by ascending infec-
tion of sexually transmitted diseases, bacterial 
vaginosis, or gastrointestinal or respiratory flora 
colonized in the vagina [17, 18]. The ascending 
infection progresses along a continuum from 
cervicitis to endometritis, salpingitis, 
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tubo-ovarian abscess, and peritonitis [19, 20]. 
Acute PID occasionally presents as right upper 
quadrant abdominal pain due to peritoneal spread 
of infection resulting in perihepatitis, also known 
as Fitz-Hugh-Curtis syndrome [21, 22], with 
recent reports showing perihepatitis in upwards 
of 50% of patients with PID [23]. Subclinical 
PID is a low-grade infection, typically caused by 
chlamydia or gonorrhea, and often manifests as 
tubal occlusion-related infertility. It may be inci-
dentally detected as an asymptomatic hydrosal-
pinx on MR, but rarely presents as acute pain. 
Chronic PID is relatively rare and is associated 
with Mycobacterium tuberculosis and actinomy-
cosis infection. The sensitivity of MR for reveal-
ing subtle inflammation makes it a useful tool to 
reinforce the clinical and laboratory signs of pel-
vic inflammatory disease and can impact treat-
ment planning [18].

11.3.2	 �Epidemiology

The U.S.  Centers for Disease Control estimate 
the lifetime prevalence of pelvic inflammatory 
disease (PID) to be 4.4%, with approximately 2.5 
million American women age 14–44 experienc-
ing at least 1 episode [24]. The incidence of PID 
has been decreasing in North America and 
Europe over the past 30 years [25, 26], possibly 
due to improved screening for chlamydia and 
gonorrhea in asymptomatic sexually active 
women [27].

Risk factors for pelvic inflammatory disease 
include prior incidence of sexually transmitted 
infection, early first sexual encounter, increasing 
number of partners, and homosexual or bisexual 
orientation. No difference in prevalence was 
found with age, race, ethnicity, or socio-economic 
status [24].

11.3.3	 �MR Findings

Cervicitis commonly presents as mucopurulent 
endocervicitis, with approximately 40% of cases 
due to gonorrhea, chlamydia, or trichinosis, and 

60% of cases due to unknown pathogens [28, 29]. 
Visual inspection demonstrates mucopurulent 
discharge from the cervix, with easily inducible 
bleeding, and >10 white blood cells on gram 
stain. Isolated cervical infection is often asymp-
tomatic and is diagnosed on routine physical 
examination or on sexually transmitted disease 
screening.

MR imaging of isolated cervicitis may be nor-
mal, but a spectrum of nonspecific findings may 
increase the suspicion for infection. The normal 
cervix has three defined layers on T2-weighted 
sequences, with a T2 hyperintense endocervical 
inner layer, a T2 hypointense fibrous stroma, and 
a T2 intermediate signal cervical myometrium 
[30–32] (Fig.  11.1). When infection is present, 
the cervix may enlarge, and the endocervical tis-
sue may thicken. The thickened endocervix can 
show hyperenhancement on post-contrast images. 
Parametrial fat stranding related to inflammation 
may cause the outer margin of the cervix to 
become indistinct [33, 34] on T2- and 
T1-weighted MR images (Fig. 11.2). In subacute 
and chronic infection, focal T2 hyperintense, and 
T1 intermediate to hyperintense cysts can develop 
in the endocervix [31]. The endocervical cysts 
can be indistinguishable from nabothian cysts, 
and it is believed that nabothian cysts may be the 
result of chronic or healed inflammation related 
to cervicitis [35, 36].

Endometritis can result from ascending infec-
tion from the cervix along the PID continuum 
[20], but is more commonly seen in the post-
partum period after prolonged rupture of mem-
branes, intra-partum fever, chorioamnionitic, or 
cesarean section [37, 38]. As with other forms of 
PID, endometritis presents along a spectrum of 
acuity, with chronic colonization of the endome-
trium often manifesting as infertility due to poor 
implantation [39], and acute infections, often 
related to gonorrhea and chlamydia, presenting 
with pelvic pain. PID related acute endometritis 
may present as nonspecific pelvic pain, with 
abnormal vaginal discharge, but no fever or 
leukocytosis. Bimanual examination may reveal 
cervical motion tenderness or uterine tenderness, 
but routine abdominal palpation may be normal 
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a c e

b d f

Fig. 11.1  Normal pelvic anatomy—(a) Sagittal and axial 
(b) T2-weighted MR images demonstrating the three lay-
ers of the uterus and cervix. Hyperintense endometrium/
endocervix (open arrow), hypointense junctional zone/
cervical fibrous stroma (arrowhead), and intermediate 
intensity uterine/cervical myometrium (white arrow). The 

cervix is demarcated by white lines. (c) Axial T2-weighted 
and (d) opposed-phase T1-weighted MR images demon-
strating a normal fallopian tube (open arrowhead). (e) 
Coronal T2-weighted and (f) T1-weighted MR images 
demonstrating normal ovaries with physiologic follicles

a b c

d e f

g

Fig. 11.2  Cervicitis—(a) T2-weighted and (b) opposed-
phase T1-weighted MR images showing indistinct mar-
gins of the cervix due to parametrial stranding and edema 
in a patient with cervicitis. (c) Pre-contrast T1-weighted 
and (d) post-contrast T1-weighted MR images demon-
strating enhancement of the parametrial fat. (e and f) Post-

contrast T1-weighted MR images demonstrating 
uterosacral ligament thickening (open arrow) and round 
ligament thickening (arrowheads). (g) Post-contrast 
T1-weighted MR images demonstrating normal uterosac-
ral ligaments (arrowheads), and a normal round ligament 
(open arrow) for comparison
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in the absence of salpingitis, tubo-ovarian 
abscess, or peritonitis [20].

The normal uterus has three distinct layers on 
MR: the well-defined T2 hyperintense endome-
trium, the T2 hypointense poorly marginated 
junctional zone, and the T2 intermediate intensity 
myometrium (Fig. 11.1). MR may be normal in 
isolated endometritis, but when abnormal, endo-
metritis manifests as thickened heterogeneous 
endometrium, with hyperenhancement. T1 inter-
mediate fluid may fill the endometrial canal. 
Intra-cavitary gas can be seen as multifocal sig-
nal voids on the T1-weighted in-phase MR 
images, and is more common in post-partum 
endometritis. As with cervicitis, parametrial fat 
stranding may be present, is most evident on 
T2-weighted fat-suppressed MR imaging, and 
may result in indistinct outer margins of the 
myometrium. Round ligament and uterosacral 
ligament thickening are sensitive signs for PID 
[33, 40–43] and should trigger close inspection 
for more specific signs of infection (Fig. 11.2).

Salpingitis results in degeneration of the tubal 
epithelium, deciliation, decreased mucosal fold 
density, peritubal adhesions, partial or complete 
tubal occlusion, and hydrosalpinx [44]. 
Salpingitis may present with acute symptoms or 
can be clinically asymptomatic, but acute and 
silent cases have similar histology, and both 
result in decreased fertility and increased risk of 
ectopic pregnancy. In addition to the signs and 
symptoms of cervicitis and endometritis, 
salpingitis may manifest as pelvic tenderness to 
palpation and adnexal tenderness on bimanual 
examination [20].

On MR, the normal fallopian tubes are 
barely perceptible, 1–4  mm thick, serpentine, 
T2 intermediate intensity structures extending 
from the uterine cornua to the ovary [45] 
(Fig. 11.1). MR of salpingitis reveals a mildly 
dilated, tortuous fallopian tube, with a thin or 
slightly thickened wall. There may be percep-
tible enhancement of the wall, and peritubal fat 
stranding. The fallopian tube will have T1 
hypointense, T2 hyperintense, and simple fluid 
without diffusion restriction. Acute or subacute 
salpingitis may not be distinguishable from 
chronic hydrosalpinx related to prior 

salpingitis. Incomplete longitudinal folds from 
mucosal plicae may be seen, but with more 
severe dilation, the plicae become effaced [14, 
45]. Mild thickening of the round ligament and 
uterosacral ligaments, in this setting, are asso-
ciated with acute infection. Isolated tubular tor-
sion is a rare, but reported cause of acute pelvic 
pain, which may be indistinguishable from sal-
pingitis, hematosalpinx, or hydrosalpinx [14], 
but which is often associated with “beaking” or 
a closed-loop appearance of the torsed fallopian 
tube [46, 47] (Fig. 11.3).

Pyosalpinx and tubo-ovarian abscess consti-
tute severe forms of PID and often require hospi-
talization for inpatient therapy or intervention. 
Up to one-third of patients hospitalized with 
severe PID will have a tubo-ovarian abscess 
[48]. Women hospitalized for PID should 
undergo cross-sectional imaging [20] to assess 
for abscesses greater than 5  cm, as these may 
require drainage. Most patients present with 
infectious symptoms including fever, leukocyto-
sis, and acute pelvic pain; however, a subset of 
patients with tubo-ovarian abscess have low-
grade symptoms including chronic fever of 
unknown origin or have a remote history of sex-
ually transmitted infection treated with antibiot-
ics [49]. Physical examination reveals tenderness 
to palpation, and tender adnexal fullness or 
masses on bimanual examination. While ultra-
sound remains the first-line imaging modality, 
MR or IV contrast-enhanced CT are often 
required to fully characterize pyosalpinx and 
tubo-ovarian abscess.

MR of pyosalpinx shows a dilated tortuous 
tubular structure, with a thick enhancing wall, 
surrounding fat stranding, and thickening of the 
adjacent fascial planes [14, 33, 45, 50, 51]. The 
dilated fallopian tube is filled with T2 hyperin-
tense or heterogeneous fluid which has variable 
T1 intensity related to the presence of pus, blood, 
or protein. The fluid is hyperintense on diffusion-
weighted imaging and hypointense on ADC 
maps [14]. The morphology of the tube is often 
described as sausage-like, c-shaped, or s-shaped. 
The thickened wall is T1 hypointense, T2 inter-
mediate to hyperintense, and markedly enhances. 
Pyosalpinx is not always distinguishable from 
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hydrosalpinx, but tends to have more wall thick-
ening and T2 heterogeneous fluid than expected 
with the simple fluid of hydrosalpinx, or salpingi-
tis. Pyosalpinx can mimic inflamed or obstructed 
bowel, and is distinguished by its location in the 
adnexa, continuity with the uterine cornua, and 
lack of continuity with bowel. Concomitant 
bowel inflammation and obstruction can occur, 
especially if peritonitis or tubo-ovarian abscess is 
present. At times, the diagnosis of TOA on MR 
may be challenging in patients with inflamma-
tory bowel disease, as these patients may present 
with active bowel inflammation which may also 
involve the adnexa, resulting in inflammation and 
tubo-ovarian abscesses. Careful review of the 
bowel and epicenter of the inflammation can be 
useful to help distinguish between these two 
diagnoses (Fig. 11.3).

Tubo-ovarian abscesses are complex cystic 
adnexal masses, which often result in severe sur-
rounding inflammation. Mild forms of ovarian 
inflammation associated with PID are described 
as oophoritis and manifest as periovarian strand-
ing and ovarian enlargement. Progression of 
inflammation beyond oophoritis may lead to 
tubo-ovarian abscess. Tubo-ovarian abscesses 
have T2 hyperintense or heterogeneous cystic 
spaces with variable T1 intensity and may demon-
strate a thin inner rim of T1 hyperintensity [52]. 
Enhancing internal septations often create a mul-
tiloculated appearance. The margins of tubo-
ovarian abscesses are indistinct on T2- and 
T1-weighted imaging due to adjacent edema and 
exudate. Diffusion-weighted images show hyper-
intense fluid with low signal on ADC [14]. Dense 
surrounding adhesions result in distortion of the 
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Fig. 11.3  Hydrosalpinx, salpingitis, and pyosalpinx—
(a) T2-weighted and (b) post-contrast T1-weighted MR 
images demonstrating chronic hydrosalpinx with a dilated 
fallopian tube, a thin enhancing wall and simple fluid 
(white arrow). (c) T1-weighted, (d) T2-weighted FS, and 
(e) post-contrast T1-weighted MR images demonstrating 
salpingitis with an s-shaped, dilated fallopian tube (arrow-
head), simple fluid, a mildly thickened enhancing wall, 

and mild peritubal stranding. (f) Opposed-phase 
T1-weighted, (g) T2-weighted, and (h) post-contrast 
T1-weighted MR images demonstrating pyosalpinx (open 
arrow), with a dilated fallopian tube, T1 and T2 intermedi-
ate intensity complex fluid, thick enhancing walls, and 
marked adnexal inflammation. Note the T1 signal inten-
sity within the tube is similar to myometrium (black 
arrow)
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local anatomy. Adhesions are T2 hypointense and 
T1 hypointense, with mild enhancement. Free 
fluid, periovarian stranding, thickening of the pel-
vic fascial plains, round ligaments and uterosacral 
ligaments, smooth peritoneal enhancement, adja-
cent bowel wall thickening, and lymphadenopa-
thy are all common features [23, 42, 49, 52]. 
Rupture of a tubo-ovarian abscess may lead to 
severe peritonitis, sepsis, and if treatment is 
delayed, rarely death (Figs. 11.4 and 11.5).

Distinguishing features of tubo-ovarian 
abscess from cystic ovarian neoplasm include 
associated fallopian tube dilation [52], a T2 
hyperintense peri-cystic “halo” of edema [49], 
smooth peritoneal enhancement as opposed to 
nodular enhancement, and absence of enhancing 
soft-tissue nodules. Pus can appear “pseudo-
solid” with T1 intermediate intensity, variable T2 
intensity, and restricted diffusion, but the 
“pseudo-solid” areas of diffusion restriction in 
tubo-ovarian abscess should not enhance [14]. 
Necrotic and/or cystic components of an ovarian 
neoplasm do not typically restrict diffusion.

Thrombophlebitis of the ovarian vein can be a 
complication of PID, but is more common in 
post-partum women or women with recent pelvic 
surgery, and is rarely life threatening. It is often 
asymptomatic, detected incidentally, and can be 
treated with anticoagulation. MR is highly sensi-
tive for the demonstration of ovarian vein throm-
bophlebitis [53], with improved characterization 
when MR venography sequences are employed 
[54]. Partial Fourier single-shot turbo spin-echo 
images are susceptible to flow artifacts within the 
veins, but loss of signal void within the vein and 
venous enlargement should prompt closer inspec-
tion. Thrombus is often T2 intermediate to hyper-
intense and is associated with perivascular 
stranding. Stranding may be more evident on 
T2-weighted fat-suppressed images or on low 
B-value diffusion-weighted images. On 
T1-weighted images, thrombus can appear with 
T1 hypointensity or hyperintensity within the 
vessel [55]. Post-contrast images or balanced 
steady-state free-precession MR images will 
demonstrate loss of signal with the lumen of the 
dilated ovarian vein. Thrombus is hyperintense 
on DWI and hypointense on ADC images [56].

Actinomycosis is a rare form of severe pelvic 
inflammatory disease which is associated with the 
protracted presence of intrauterine devices or pessa-
ries. Women with IUDs have reported colonization 
rates of 1–14% [57, 58]. Actinomycosis infection is 
often mistaken as malignancy, and the presence of 
an IUD should raise suspicion for infection when a 
complex adnexal mass is detected [59, 60].

Pelvic actinomycosis often presents with 
abdominal pain, vaginal bleeding, fever, anemia, 
and leukocytosis, although in approximately 
one-fifth of patients the findings are detected inci-
dentally on imaging [61]. On CT and MR, pelvic 
actinomycosis presents as an invasive heteroge-
neous mass [60, 62] which obliterates the tissue 
planes of the pelvis. It tends to invade the rectum 
and the bladder [61], sometimes extending 
through the abdominal and pelvic wall. Compared 
with malignancy, the soft-tissue components tend 
to be T2 hypointense [60], and extend in thick lin-
ear bands throughout the pelvis without respect-
ing tissue planes [63]. Scatter cystic spaces are 
common and may represent small abscesses [63]. 
There is marked enhancement of the soft-tissue 
components, and on FDG-PET the soft-tissue 
components may demonstrate FDG avidity [64].

11.3.4	 �Management

Pelvic inflammatory disease has a broad range of 
severity, which impacts treatment strategies. Mild 
to moderate pelvic inflammatory disease can be 
managed with outpatient therapy, typically a 
combination of intramuscular cephalosporin and 
oral doxycycline with or without metronidazole 
[65]. Lack of symptomatic improvement with 
72 h of outpatient therapy may require parenteral 
therapy, repeat imaging, and hospitalization. 
Patients who are clinically unstable, have refrac-
tory nausea and vomiting or high fever, cannot 
tolerate oral antibiotics, are pregnant, or have a 
tubo-ovarian abscess require hospitalization, 
imaging, and parenteral antibiotics. Typical 
regimes include oral/IV doxycycline and an IV 
cephalosporin, or IV clindamycin and gentamy-
cin. Inpatients can be transitioned to oral antibiot-
ics with 24 h of clinical improvement [18, 66].
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Fig. 11.4  Tubo-ovarian abscesses—(a) T2-weighted, 
(b) T2-weighted FS, and (c) post-contrast T1-weighted 
MR images demonstrating a tubo-ovarian abscess with a 
multiloculated cystic mass (white arrow), with enhancing 
septations, adnexal stranding, and round ligament thick-
ening (open arrowhead). (d) T2-weighted, (e) 

T2-weighted FS, (f) DWI, and (g) ADC MR images 
showing a different tubo-ovarian abscess (white arrow) 
with complex fluid that restricts diffusion. (h) 
T2-weighted, (i) post-contrast T1-weighted, (j) DWI, and 
(k) ADC MR images showing a normal ovary with physi-
ologic follicles for comparison
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Fig. 11.5  Tubo-ovarian abscess with perihepatitis—(a) 
ultrasound demonstrating a complex adnexal mass (white 
arrow). (b) T2-weighted MR image confirming the com-
plex cystic mass (white arrow) in the right adnexa. (c) 
DWI and (d) ADC MR images showing diffusion restric-
tion in the cystic portions of the mass, compatible with 

abscess. (e) T2-weighted FS image showing T2 hyperin-
tensity along the liver capsule (arrowhead) and (f) coronal 
post-contrast T1-weighted MR image showing pericapsu-
lar enhancement (open arrowhead) and a small complex 
fluid collection (open arrow), representing the perihepati-
tis of Fitz-Hugh-Curtis syndrome
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Stable patients with tubo-ovarian abscess may 
be initially treated with parenteral antibiotics. 
Patients without resolution of pain and fever in 
48–72 h may require repeat imaging and imaged-
guided percutaneous drainage. Tubo-ovarian 
abscesses over 5 cm have a high rate of antibiotic 
therapy failure and often require percutaneous 
drainage [67]. Multiple reports advocate primary 
percutaneous drainage and antibiotics as a safe 
and effective treatment for tubo-ovarian abscesses 
larger than 5  cm. Surgical intervention is often 
unnecessary with the widespread availability of 
image-guided minimally invasive techniques, but 
laparoscopic drainage may be necessary if an 
abscess cannot be safely accessed percutaneously 
or if interventional radiology services are unavail-
able [67–70].

Detection of ovarian vein thrombophlebitis 
warrants treatment with anticoagulation to pre-
vent pulmonary embolism. Patients failing anti-
coagulation with breakthrough pulmonary 
embolus may need a suprarenal inferior vena 
cava filter. The majority of patients will recana-
lize their ovarian vein with anticoagulation, but 
may experience long-term sequelae, including 
recurrent deep venous thrombosis and pelvic 
venous congestion syndrome from ovarian vein 
valvular incompetence [71]. Work-up for hyper-
coagulability disorders should be considered 
after the diagnosis of ovarian vein thrombophle-
bitis, in the absence of a predisposing condition 
such as recent surgery or infection.

If actinomycosis infection is suspected, due a 
locally invasive inflammatory process and an IUD, 
aspiration is recommended to confirm the diagno-
sis. Unfortunately, actinomycosis is a gram-posi-
tive anaerobic bacteria, which is difficult to culture, 
and many patients with surgically confirmed acti-
nomycosis infection are culture negative [72]. 
Proper anaerobic sampling technique [73] com-
bined with gram stain and hematoxylin and eosin 
stain can improve sensitivity [74]. Primary resec-
tion is difficult and initial treatment with long-term 
high-dose antibiotics is recommended [75]. 
Resection may be done secondarily to remove or 
divert portions of the genital, urinary, or gastroin-
testinal tract, due to fistula or obstruction.

11.4	 �Ovarian Torsion

11.4.1	 �Background

Ovarian torsion occurs due to rotation of the 
ovary around the vascular pedicle, resulting in 
ischemia of the ovarian tissue. With progres-
sive rotation of the ovary around the pedicle, 
there is first compromise of the venous outflow, 
followed by compromise of the arterial supply. 
This results in enlargement of the ovary with 
subsequent ischemia. Ischemia may progress to 
hemorrhagic infarction and necrosis if not 
quickly diagnosed and treated. The diagnosis of 
ovarian torsion is often delayed due to a non-
specific clinical presentation [76], and the 
potential for intermittent torsion adds to the 
diagnostic challenge.

Ovarian torsion classically presents with sud-
den onset, moderate to severe, sharp stabbing, 
lower quadrant pain, which may radiate to the 
back, flank, or groin [77]. The pain can be sub-
acute or chronic in a substantial subset of 
patients [78], particularly those with intermit-
tent or partial torsion. A palpable mass may be 
evident on physical examination; however, one-
third of patients have no mass or tenderness. 
Presentation after onset of pain is reportedly as 
short as 4 h in 80% of patients [79], but can be 
considerably longer with intermittent or partial 
torsion.

Ovarian torsion has been extensively charac-
terized with ultrasound in the literature, but due 
to its nonspecific presentation and because of 
this initial imaging is often performed with 
CT.  Even when ultrasound is performed first, 
Doppler US demonstrates adnexal blood flow in 
20–50% patients with confirmed ovarian torsion 
[77, 78, 80], likely due to the ovary’s dual blood 
supply. When US or CT demonstrates an adnexal 
mass in the setting of acute or subacute pelvic 
pain, or when ultrasound is equivocal, MR may 
be performed for additional characterization of 
the abnormal adnexa [81]. MR is highly sensi-
tive and specific for torsion when used as a pri-
mary modality, or after indeterminate US or  
CT [79, 82] (Fig. 11.6).
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Fig. 11.6  Ovarian torsion—(a) CT image showing an 
enlarged torsed ovary (black arrow) eccentrically posi-
tioned anterior to the uterus with 2 cysts. (b) Color Doppler 
and (c) spectral wave Doppler US showing an enlarged 
hypovascular ovary, but detectable arterial flow. (d) 
T2-weighted and (e) T2-weighted FS MR images showing 
the eccentric anteriorly positioned torsed ovary, with a 

hemorrhagic cyst (white arrowhead), thickened and edema-
tous pedicle (open arrowhead), and deviated uterus (open 
arrow). (f) T1-weighted FS, (g) DWI, and (h) ADC MR 
images demonstrating layering hemorrhage and an adjacent 
rim of diffusion restriction (white arrow) at the interface of 
the cyst and the ovarian tissue

11.4.2	 �Epidemiology

Ovarian torsion is an uncommon condition, pre-
dominately described with single institutional 
experience, and few large epidemiologic studies 
characterize its incidence to our knowledge. 
Early reports estimate that 2.7% of acute gyneco-
logic emergencies are due to ovarian torsion [76], 
which is similar to a recent report by Petkovska 
et al. [83]. One population-based epidemiologic 
study from South Korea showed an incidence of 
5.9/100,000  in women of all ages, and 
9.9/100,000 in reproductive age women [84].

Multiple conditions have been implicated as 
risk factors for ovarian torsion. Ovarian cysts and 
ovarian neoplasms are well-recognized risk fac-
tors for torsion, with 25–80% [77, 78] associated 
with a cyst (Fig.  11.7). Prior pelvic surgery, 

specifically prior tubal ligation, is an important 
risk factor for ovarian torsion, with 40–50% of 
patients having a history of surgery [77, 80]. 
Adhesions from tubal ligation, or other proce-
dures, may serve as a pivot point for rotation of the 
ovary around the vascular pedicle. Prior PID is a 
risk factor, presumably for a similar reason, with 
peritubal adhesions a common sequela of salpingi-
tis. Treatment for infertility, specifically hormonal 
stimulation, is an increasingly important etiology 
for ovarian torsion, especially when infertility 
treatment results in pregnancy [85, 86] (Fig. 11.8).

11.4.3	 �MR Findings

Thickening of the twisted vascular pedicle and 
fallopian tube is frequently evident on MR in the 
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Fig. 11.7  Ovarian torsion with teratoma—(a) Coronal 
T2-weighted and (b) axial T2-weighted FS MR images 
demonstrating a complex cystic right adnexal mass with 
T2 hyperintense soft-tissue which becomes hypointense 
with fat suppression, representing a cystic teratoma (white 
arrow). The same soft tissue shows T1 hyperintensity with 

fat suppression and no enhancement on (c) pre-contrast 
T1-weighted and (d) post-contrast T1-weighted FS MR 
images. There is associated uterine deviation (open 
arrow), wall thickening of the cystic lesion (arrowhead), 
free fluid, edema (black arrow), and anterior positioning 
of the torsed ovary
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Fig. 11.8  Ovarian torsion in pregnancy—(a) 
T2-weighted, (b) T2-weighted FS, (c) T1-weighted, and 
(d) coronal T2-weighted FS MR images demonstrating a 
thickened and edematous vascular pedicle (white arrow), 

and a large simple cyst (open arrowhead) with mild wall 
thickening (arrowhead). Note the beaking and subtle 
swirled appearance of the vascular pedicle (open arrow)
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setting of torsion [87]. Rotation of the pedicle 
results in vascular compromise, edema, and/or 
hemorrhage in the tube and the pedicle. The 
twist can be seen on US [88] and MR [79] and is 
described as the “whirlpool sign.” Edema and 
hemorrhage cause enlargement of the tube and 
pedicle. The normal fallopian tube is less than 
3 mm in diameter at its narrowest point [78], and 
up to 10  mm at the cornua or fimbriae. 
Asymmetric thickening of a fallopian tube 
should prompt close evaluation of the ipsilateral 
adnexa for additional signs of torsion. Tubal 
thickening is evident on T2-weighted images 
[15, 89] and may be more conspicuous on low 
B-value DWI because of its high T2 contrast 
[16]. Simple hydrosalpinx can look similar to a 
torsed tube, but identifying twisting or beaking 
[89] of the tube increases confidence in the diag-
nosis of torsion. A torsed fallopian tube may 
appear T1 hyperintense, due to development of 
hematosalpinx. Hemorrhagic infarction of the 
pedicle results in restricted diffusion, with curvi-
linear high DWI signal and low ADC signal [87, 
90] extending from the uterine cornua to the 

ovary. Isolated tubal torsion can occur, but is 
extremely rare, and should be a diagnosis of 
exclusion. Tubal thickening and the “whirlpool” 
sign are the most specific and reliable signs of 
ovarian torsion, with diffusion restriction and 
tubal hemorrhage highly specific for hemor-
rhagic infarction [79] (Fig. 11.9).

Abnormal positioning of the ovary may indi-
cate torsion, as rotation of the ovary around the 
pedicle causes deviation of the pelvic structures. 
The normal ovary tends to reside along the pelvic 
sidewall, near the iliac vessels, lateral and just 
superior to the uterine cornua. It can be located 
by following the gonadal veins inferiorly from 
the renal vein on the left or from the infrarenal 
inferior vena cava on the right. A torsed ovary 
commonly rotates to lie on top of the uterus or 
within the rectouterine pouch. Less commonly, a 
torsed ovary is located anterior to the uterus or in 
the contralateral pelvis [78, 80]. The uterus also 
deviates in torsion, with early reports of deviation 
ipsilateral to the torsed ovary [91, 92], but later 
reports showing ipsilateral and contralateral devi-
ation [80, 87, 89]. In the majority of patients, the 

a c e

b d f

Fig. 11.9  Ovarian torsion with hemorrhagic infarction—
(a) T2-weighted MR image demonstrating a cystic tera-
toma (open arrowhead) in an enlarged, eccentric, 
posteriorly positioned torsed ovary. (b) T2-weighted FS 
and (c) pre-contrast T1-weighted MR images showing 
thickened ovarian stroma (white arrow), with loss of T2 
signal intensity and T1 signal hyperintensity compatible 

with hemorrhagic infarction of the stroma. (d) Post-
contrast T1-weighted MR image shows no enhancement 
of the stroma (black arrow). (e) DWI and (f) ADC MR 
images show signal voids in the ovarian stroma (white 
arrow) indicating dephasing from blood products, and dif-
fusion restriction within the teratoma (open arrow). Note 
the uterine deviation on multiple images (arrowhead)

11  MRI of the Acute Female Pelvis



206

ovary is in an atypical location, and the uterus is 
deviated from midline.

Asymmetric ovarian enlargement should 
prompt consideration of ovarian torsion. The 
measured ovary should include cysts or solid 
masses, and be compared to the contralateral 
ovary. Four centimeters is the upper limit of nor-
mal for maximum long-axis diameter of the 
ovary, although reproductive age women may 
have normal cysts measuring 5–7 cm, which can 
result in asymmetry of normal ovaries. The range 
of ovarian diameter in confirmed patients with 
torsion is 1–30 cm, with reported mean/median 
sizes of 8.7–13.5 cm [77, 78, 80]. Some investi-
gators describe increased cross-sectional area or 
volume in torsion, with reported mean areas of 
11.3–19 cm2, and a range 3.8–50 cm2 [79, 89].

Edema or hemorrhage in the ovarian stroma 
partially accounts for the enlargement of a torsed 
ovary. On T2-weighted MR imaging, normal 
ovarian stroma is isointense to skeletal muscle, 
with the stroma of torsed ovaries described as T2 
hyperintense and T1 hypointense [89, 93] due to 
edema. Later investigations have suggested that 
stromal T2 signal is not sensitive or specific [79] 
for torsion, since malignancy and infection can 
result in T2 hyperintensity. Focal or diffuse T1 
hyperintensity, DWI hyperintensity, and ADC 
hypointensity within the ovarian stroma have a 
poor prognosis and correlate with hemorrhagic 
infarction [15, 79, 87, 89, 90]. If the ADC values 
of ovarian stroma are below 1.8 × 10−3 mm2/s, the 
sensitivity and specificity for hemorrhagic infarc-
tion is reportedly 88% and 100%, respectively 
[15]. The vast majority of torsed ovaries will 
demonstrate enhancement after intravenous gad-
olinium administration; however, a nonenhanc-
ing ovary has a poor prognosis, and hemorrhagic 
infarction and nonviability are common [87].

Cysts are present in up to 80% of torsed ova-
ries [78], and the walls of cysts within an ovary 
may develop abnormalities in the setting of tor-
sion. The wall thickness of a normal ovarian fol-
licle or hemorrhagic cyst is less than 3 mm, and 
has signal intensity similar to ovarian stroma. 
Edema or hemorrhage resulting from torsion 
results in wall thickening [78, 87, 91]. A thin T2 
hypointense rim in the wall correlates with 

hemorrhagic infarction on histology and may 
carry a poor prognosis for the viability of the 
ovary [83]. Subacute hemorrhagic infarction 
results in a thin rim of T1 hyperintensity due to 
the presence of methemoglobin, but hyperacute 
and acute hemorrhage can be T1 iso- to hypoin-
tense, as oxy- and deoxyhemoglobin predomi-
nate in the early stages of hematoma formation 
[15]. Blood products with the wall of a cyst also 
result in DWI hyperintensity, and ADC hypoin-
tensity, and may indicate hemorrhage [87].

Ascites and periovarian fat stranding are com-
mon findings in torsion, but are often present in 
other acute processes presenting with abdominal 
or pelvic pain. Ascites is reported on CT and MR 
in most patients with ovarian torsion [78, 80, 87, 
92], and while it has high sensitivity, its lack of 
specificity diminishes its usefulness in the diagno-
sis of torsion. Periovarian fat stranding is not pres-
ent in most patients with ovarian torsion, but when 
present correlates with a nonviable ovary and the 
development of hemorrhagic infarction [78, 80].

11.4.4	 �Management

In the past, ovarian torsion was managed with 
salpingo-oophorectomy due to concerns that a 
necrotic ovary might lead to infection, that detor-
sion of the ovary could result in thromboembo-
lism, and concern for underlying malignancy. 
Adnexal sparing surgery is now the preferred 
treatment option. Patients treated with detorsion 
do not have an increased incidence of pulmonary 
embolism, or increased morbidity and mortality, 
compared to those treated with oophorectomy 
[94, 95]. Even patients with “black-bluish” 
appearing ovaries at surgery had recovery of ovar-
ian function and no increased morbidity when 
treated with detorsion [96, 97]. However, if an 
ovary is frankly necrotic due to delayed diagnosis 
of torsion, oophorectomy should be considered. 
When an ovarian cyst or benign ovarian neoplasm 
is present, cystectomy or cyst aspiration can be 
performed to reduce the potential for retorsion. 
Oophoropexy may also reduce the risk of retor-
sion and may be considered for prophylactic treat-
ment of the contralateral ovary [98, 99].
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Identification of hemorrhagic infarction in 
torsed ovaries is a focus in the radiology litera-
ture. It is not clear that the presence of hemor-
rhagic infarction indicates the ovary is nonviable, 
and additional studies are required before man-
agement decisions are made based on the MR 
findings of hemorrhage.

11.5	 �Ectopic Pregnancy

11.5.1	 �Background

Ectopic pregnancy refers to the implantation of 
an embryo outside of the uterine canal, which if 
untreated can result in maternal hemorrhage and 
death. The treatment and presentation of ectopic 
pregnancy differs based on the site of implanta-
tion. Ectopic pregnancy is most common in the 
fallopian tube [100], and as the gestational sac 
enlarges and increases in vascularity, there is 
increasing risk of tubal rupture, hemorrhage, and 
death. Less common sites of ectopic pregnancy 
include interstitial, abdominal, cervical, ovarian, 
and cesarean scar-related presentation [101]. The 
increased use of transvaginal sonography to con-
firm intrauterine pregnancy has led to earlier 
diagnosis of ectopic pregnancy [102]. 
Nonruptured ectopic pregnancy often presents 
with mild vaginal bleeding, crampy abdominal 
and pelvic pain, and positive HCG levels [103]. 
Ruptured ectopic pregnancy presents with hypo-
tension, tachycardia, and rebound tenderness and 
may rapidly progress to death.

Transvaginal sonography should demonstrate 
a gestational sac when the estimated gestational 
age is 5.5 weeks, and when quantitative HCG is 
1500–2500  mIU/mL.  The absence of a gesta-
tional sac on ultrasound should be described as 
a pregnancy of unknown location [103, 104]. 
Transvaginal ultrasound is sensitive for ectopic 
pregnancy [105–107], but ectopic pregnancies 
can be mistaken for corpus luteal cysts, hemor-
rhagic cysts, ovarian neoplasms, pedunculated 
fibroids, bowel, and endometriomas. 
Sonographic diagnosis of pregnancy of unknown 
location is often managed with serial HCG lev-
els and follow-up US in 2–7  days. If there is 

persistent pain and/or vaginal bleeding, MRI 
may be warranted to further characterize the eti-
ology of pelvic pain, without additional delay in 
diagnosis.

11.5.2	 �Epidemiology

The incidence of ectopic pregnancy has been 
increasing over the past 4 decades, with the last 
comprehensive review by the U.S.  Centers for 
Disease Control estimating that 2% of pregnan-
cies are ectopic [108, 109]. As the incidence has 
risen, death related to ectopic pregnancy has 
fallen over 90%, now accounting for only 6% of 
maternal deaths [110–112]. Ectopic pregnancy 
requiring hospitalization has also fallen, with 
more than 50% of ectopic pregnancy treated in 
outpatient settings [109].

The predominant risk factors for ectopic preg-
nancy are related to abnormalities of the fallopian 
tube. Women with prior ectopic pregnancy, prior 
tubal surgery, or known tubal abnormality are at 
highest risk for ectopic pregnancy. Women with 
prior pelvic inflammatory disease, sexually trans-
mitted infection, IUD, or subfertility/infertility 
have an intermediate risk for ectopic pregnancy. 
Ectopic pregnancy has a mild association with 
prior abdominal or pelvic surgery, smoking, early 
age of sexual intercourse, and multiple sexual 
partners. When the HCG level is positive, ultra-
sound fails to demonstrate an intrauterine gesta-
tion, and ectopic pregnancy is suspected, an MR 
can be used to distinguish ectopic pregnancy 
from other acute conditions including ovarian 
torsion, appendicitis, and pelvic inflammatory 
disease [113, 114].

11.5.3	 �MR Findings

Tubal ectopic pregnancy occurs most frequently 
in the ampulla of the fallopian tube. The ectopic 
gestational sac has been described on MR as a 
sac-like cystic structure in the adnexa but outside 
of the ovary [114]. The gestational sac tends to 
have a thick wall, and MR may demonstrate three 
distinct layers, described as a “3-ring” 
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appearance [115]. The wall may have focal hem-
orrhage or rim-like hemorrhage, evident by T1 
intermediate to hyperintense signal, and corre-
sponding T2 hypointensity. The wall will show 
marked enhancement, which is sometime “dot-
like” or stippled [116]. The central portion of the 
gestational sac is often heterogeneous, with solid 
enhancing nodules, internal hemorrhage, fluid-
fluid levels, or less likely simple fluid [115]. 
Hemorrhage within the sac is most commonly T1 
intermediate to hyperintense and T2 hypointense, 
and may show loss of signal on T2*-weighted 
MR imaging [117]. The gestational sac size 
increases with increasing gestational age. Tubal 
ectopics present with a mean sac diameter of 
4 cm [118]. Hematosalpinx is often present with 
tubal ectopic pregnancy. The fallopian tube will 
be dilated and contain T1 intermediate to hyper-
intense signal. There may be T2 heterogeneity 
and a fluid-fluid level in the tube. The wall of the 
fallopian tube may be slightly thickened and will 
show marked enhancement [8, 115–117] 
(Figs. 11.10 and 11.11).

Differentiation of a tubal ectopic pregnancy 
from a corpus luteal cyst can be challenging. A 
corpus luteal cyst is present in early pregnancy and 
has imaging features similar to an ectopic gesta-
tional sac. On MR, a corpus luteal cyst should 
have a smooth, convex, or mildly wavy thick wall. 
The wall is T1 intermediate to hyperintense and 
uniformly T2 hypointense, with uniform enhance-
ment [116]. Intra- or extra-ovarian location is the 
best distinguishing factor. Corpus luteal cysts are 
always located within the ovary, and ovarian ecto-
pic pregnancy is rare [100] (Fig. 11.12).

Nontubal ectopic pregnancy accounts for 
fewer than 5% of ectopic pregnancies [119], often 
present later than tubal ectopics, and have higher 
morbidity and mortality due to higher rate of rup-
ture and delayed presentation. The gestational sac 
of nontubal ectopics has similar MR features, 
with a thick-walled, sac-like, hemorrhagic mass, 
and is distinguished from tubal ectopics by their 
rarity, location, and management.

Interstitial ectopics present when the gestational 
sac implants in the intrauterine portion of the 

a
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Fig. 11.10  Tubal ectopic pregnancy—(a) T2-weighted 
and (b) T2-weighted FS MR images demonstrating a 
complex adnexal mass (white arrow) in a woman with 
positive HCG level and no intrauterine gestation. (c) Pre-
contrast T1-weighted MR image showing a hemorrhagic 
mass (arrowhead) and intraperitoneal hemorrhage (black 

arrow). (d) Post-contrast T1-weighted MR image showing 
mild stippled enhancement. (e) DWI and (f) ADC MR 
images showing diffusion restriction of the adnexal mass  
(open arrow). Surgery confirmed a ruptured tubal ectopic 
pregnancy
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fallopian tube, and is characterized by a gestational 
sac eccentrically located in or at the margin of the 
uterine cornua with less than 5 mm of surrounding 
myometrium [120, 121]. A closely related entity is 
cornual implantation, which is defined by implan-
tation in the horn of a bicornuate uterus, and is 
similarly managed [122]. Cornual pregnancy may 
also refer to an eccentric implantation onto endo-
metrium within the uterine cornua, and can be 

distinguished by a surrounding myometrial thick-
ness of >5 mm (Figs. 11.13 and 11.14).

Abdominal ectopics are defined by implanta-
tion of the gestational sac on a peritoneal surface 
and can occur anywhere in the abdomen or pel-
vis. Abdominal pregnancy can be carried to term, 
but is at high risk for fetal demise from poor pla-
cental blood supply, and high risk for maternal 
demise from rupture [123–129].

a bFig. 11.11  Three-ring 
sign of tubal ectopic 
pregnancy—(a) coronal 
and (b) axial 
T2-weighted MR images 
demonstrate a tubal 
ectopic gestational sac 
(white arrow), with a 
thin hypointense outer 
ring, a thick 
hyperintense middle 
ring, and a thin 
hypointense inner ring. 
Note the large volume 
hemoperitoneum on 
both images (arrowhead)

a b

c d

e

f

Fig. 11.12  Corpus luteal cyst—(a) axial and (b) coronal 
T2-weighted MR images demonstrate a corpus luteal cyst 
in the left ovary. Its location in the ovary is evident by a 
“claw sign” (open arrowheads) with ovarian stroma par-
tially encompassing the cyst. Note the wavy hypointense 

rim (white arrow). (c) Pre-contrast T1 and (d) post-
contrast T1-weighted MR images demonstrate smooth 
circumferential enhancement (arrowhead). The rim is 
hypointense on (e) DWI and (f) ADC (open arrow) indi-
cating dephasing from blood products
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Fig. 11.13  Interstitial pregnancy—(a) US demonstrating 
a hyperechoic, heterogeneous ectopic pregnancy (white 
arrow) at the cornua (arrowhead) of the uterus in a women 
with positive HCG. (b) Coronal and (c) trans axial 
T2-weighted MR images demonstrate a heterogeneously 
T2 hyperintense ectopic (white arrow) at the junction of 
the uterine cornua and the fallopian tube (arrowhead). (d) 
T1-weighted MR image shows a hyperintense rim of 

hemorrhage (open arrow) along the margin of the ectopic 
and T1 hyperintense hemorrhage within the contiguous 
fallopian tube (open arrowhead). (e) Coronal T2-weighted 
and (f) axial SSFP MR images in a different patient with 
interstitial pregnancy demonstrate a heterogeneously T2 
hyperintense ectopic (white arrow) at the uterine cornua 
(arrowhead). Both ectopic pregnancies were successfully 
treated with methotrexate

a c

b d

Fig. 11.14  Cornual pregnancy—(a) coronal and (b) 
axial T2-weighted MR images demonstrate an eccentric 
gestational sac in the uterine cornua with >5 mm of sur-
rounding myometrium. (c) Axial T2 image in a different 
patient demonstrates a twin gestation, with one gesta-

tional sac located in the cornua of the uterus (black arrow), 
and one in the uterine body (open arrowhead). (d) US 
image shows the gestational sac in the uterine cornua. The 
cornual gestation was treated with selective reduction
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Cervical pregnancy accounts for fewer than 
1% of ectopic pregnancies and is predominately 
described in case reports and small case series. 
Cervical pregnancy typically presents with vagi-
nal bleeding and can mimic spontaneous abortion 
or a cervical polyp, with the gestational sac 
located between the internal and external cervical 
os [130–133] (Fig. 11.15).

Ovarian ectopic pregnancies present a unique 
diagnostic challenge, as the gestation sac and a 
hemorrhagic corpus luteal cyst can be difficult to 
distinguish. Ovarian ectopic pregnancies have an 
association with an IUD [134]. The features of 
corpus luteal cyst and ectopic gestational sac 
described above may help distinguish an ovarian 
ectopic from a corpus luteal cyst.

Cesarean scar pregnancies have an increasing 
incidence in certain parts of the World, which is 
related to the increasing rate of cesarean section 
in North America. Diagnosis is made when a ges-
tational sac is identified in the anterior lower 
uterine myometrium in a woman with prior 
cesarean section. Termination is recommended, 
although there are case reports of expectant man-
agement and early cesarean section [135–137].

11.5.4	 �Management

Ectopic pregnancy is preferably treated with sin-
gle dose of systemic methotrexate, with greater 
than 90% success rate in select patient popula-
tions [138]. Methotrexate therapy is commonly 
offered to hemodynamically stable women, with 
an HCG level less than 5000 mIU/mL, a gesta-
tional sac smaller than 4 cm, no contraindication 
to methotrexate, and a willingness to follow-up 
for serial evaluation [139]. Failure of systemic 
therapy occurs more often in patients with high 
HCG levels (5000–10,000) and fetal cardiac 
activity [140].

Multidose therapy, local methotrexate injec-
tion, and local KCl injection have been proposed 
after single dose failure or in patients with fetal 
cardiac activity, high HCG levels, or late presen-
tation [139, 141]. Surgical therapy is required for 
unstable patients, patients with evidence of 
rupture, or those who fail medical therapy. The 
presence of a small volume of hemorrhage con-
fined to the pelvis is not a contraindication to 
medical therapy, as small volume hemorrhage is 
commonly seen with nonruptured tubal ectopics 

a b e

c d f

Fig. 11.15  Cervical pregnancy—(a) axial and (b) sagit-
tal T2-weighted, and (b) T1-weighted MR images show a 
gestational sac located low in the endocervical canal 
(white arrow). (d) Sagittal T2-weighted MR image shows 

no gestational sac in the endouterine canal (arrowhead). 
(e) Transverse and (f) long axis transvaginal ultrasound 
images show a gestational sac and a fetal pole
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[140, 142, 143]. Hemorrhage which extends into 
the paracolic gutters and abdomen may indicate 
tubal rupture and require emergent surgery.

Imaging follow-up after medical treatment is 
not routinely indicated. If follow-up imaging is 
obtained, the ectopic pregnancy often enlarges, 
prior to normalization of HCG levels. Mean ecto-
pic enlargement on US is reportedly 6 cm. Sixty-
nine percent of residual ectopics resolved with 
HCG normalization, but many patients will have 
residual complex masses after HCG normaliza-
tion. Mean time to resolution of the ectopic is 
reportedly 44  days (range 25–63), when it per-
sists beyond HCG normalization [118].

�Conclusion

MR imaging can function as a primary or sec-
ondary imaging modality for the evaluation of 
acute pelvic pain. Most often, acute pelvic pain 
is evaluated with ultrasound or CT, and indeter-
minate or complex findings prompt MR imag-
ing. Pelvic MR can be performed at 1.5 T or 
3  T, with or without intravenous gadolinium, 
and with optimal sequence selection should 
take 30  min or less. Single-shot T2-weighted 
imaging is the foundation of any pelvic MR 
examination and should be done in multiple 
planes. Infection is often evident by parametrial 
stranding, thickening of the round ligament and 
uterosacral ligament, tubal enlargement and 
wall thickening, and inflammatory cystic 
adnexal masses. Ovarian torsion should be sus-
pected when the ovary is asymmetrically 
enlarged, abnormally positioned, and is accom-
panied by thickening of the vascular pedicle. 
Ectopic pregnancies are circumscribed hyper-
vascular masses with internal heterogeneity, 
which are most commonly located in the fallo-
pian tube. MR utilization continues to rise, and 
familiarity with acute MR findings is an 
increasingly important part of effective emer-
gency radiology and body imaging.
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Abstract

Traumatic abdominal compartment syndrome 
(ACS) can result from a blunt or penetrating 
trauma which involves abdominal and pelvic 
cavity. A direct injury to the abdomen or pelvis 
can cause vascular, tissue, and organ injuries 
which are frequently associated with ongoing 
hemorrhage. The severe bleeding causes hypo-
perfusion to organs and tissues, whereas the col-
lection of blood within the abdominal and pelvic 
cavity can cause intra-abdominal hypertension 
(IAH). Both conditions can result in tissue and 
organ hypoxia. Traumatic ACS is diagnosed 
when the intra-abdominal pressure is greater than 
20  mmHg, with the development of single- or 
multiple-organ dysfunction. In the acute setting 
of a severely injured patient, it is mandatory to 
control bleeding and restore coagulation func-
tion. Many patients need massive fluid resuscita-
tion and are treated with abdominal packing. In 
presence of life-threatening hemorrhage, these 
treatments are necessary, but these same factors 
also increase the risk of developing ACS. 
Traumatic ACS is a clinical syndrome which 
may easily be misinterpreted, and can lead to 
worsening of patient outcome. It is essential to 
diagnose and manage ACS early, because with-
out a rapid intervention the risk of death is high. 

It is considered a complication that is potentially 
reversible. Abdominal decompression of ACS 
rapidly improves cardiac, pulmonary, and renal 
functioning. With the use of multi-detector com-
puted tomography (MDCT) for the assessment 
and follow-up of severe blunt and penetrating 
injuries, an unsuspected ACS can be diagnosed 
early, before the development of severe organ or 
multi-organ dysfunction. CT can provide evi-
dence of some indicative features of increased 
intra-abdominal pressure in patients at risk for 
developing ACS, including large hematomas. 
The partnership between the radiologist and sur-
geon to utilize both clinical and CT findings to 
detect early ACS provides a more precise method 
for the detection and rapid treatment of this lethal 
but potentially reversible syndrome. Radiologists 
could be increasingly likely to evaluate patients 
with ACS in the presence of abdominal and/or 
pelvic hemorrhage and/or postsurgical applica-
tion of packs. Correct early radiological diagno-
sis of ACS is based on the knowledge of the 
MDCT findings, as well as awareness of the 
pathophysiology of the syndrome.
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12.1	 �Introduction

Posttraumatic abdominal compartment syn-
drome (ACS) is diagnosed when there is ongo-
ing intra-abdominal hypertension (IAH) greater 
than 20  mmHg, with the development of sin-
gle- or multiple-organ dysfunction [1]. Patients 
generally have major intraperitoneal and/or ret-
roperitoneal bleeding, typically due to blunt or 
penetrating abdominal and/or pelvic trauma. It 
is generally the effect of decreasing blood flow 
and increased abdominal cavity pressure on solid 
organs and vessels.

ACS is a silent process which can be easily 
overlooked or misinterpreted, so patient may 
be undiagnosed and the risk of death is there-
fore high, especially if massive fluid and blood 
product resuscitation are administered [2]. Rapid 
recognition and sudden treatment of ACS are 
mandatory [3]. Patients requiring post-injury 
damage-control surgery are also at high risk for 
developing ACS. Damage-control surgery is as a 
potentially lifesaving maneuver in severely blunt 
injured patients, who develop hypothermia, aci-
dosis, and coagulopathy. It is based on placing of 
packs in the abdominal and/or pelvis cavity for 
obtaining hemostasis, and temporarily stabilizing 
vascular and solid organ injuries [4, 5].

Both experimental and clinical studies [6, 
7] have shown that increasing intra-abdominal 
pressure reduces cardiac, pulmonary, and renal 
function, raising the possibility of developing 
multi-failure organ syndrome (MOF). In addi-
tion, ACS promotes mesenteric ischemia and 
bacterial translocation outside the intestinal 
lumen, through the bowel wall, contributing to 
the development of MOF [8].

Risk factors for development of ACS include 
massive fluid resuscitation, multiple transfusions, 
and hypothermia. High-volume fluid resuscita-
tion sufficient to cause ACS has been defined as 
>3500 mL given in 24 h or less [9].

In the acute setting of a severely injured patient, 
it is mandatory to control bleeding and restore 
coagulation function for optimizing oxygen avail-
ability. Many patients need massive fluid resus-
citation, develop mesenteric reperfusion bowel 
edema, and are treated with abdominal packing. In 

the presence of life-threatening hemorrhage, life-
saving treatment is needed, but these same factors 
also increase the risk of developing ACS [10].

There are three different types of ACS: pri-
mary, secondary, and tertiary.

Primary ACS is due to a principal intra-
abdominal cause, particularly abdominal trauma 
and/or retroperitoneal hemorrhage [11] (Fig. 12.1). 
Secondary ACS is usually the result of massive 
bowel edema secondary to trauma, sepsis, burns, 
or other conditions which require massive fluid 
resuscitation [12]. It occurs most commonly after 
hemorrhagic shock or severe burn injuries. Tertiary 
ACS occurs after resolution of an earlier episode 
of either primary or secondary ACS. It is less fre-
quent, and is sometimes due to abdominal surgical 
closure in an edematous patient.

Fig. 12.1  A 37-year-old man was admitted for 
polytrauma from a motor vehicle collision. IV contrast-
enhanced coronal abdominal CT image shows a large 
hemoretroperitoneum (arrows) associated with hemoperi-
toneum and elevation of right hemidiaphragm (arrow-
head). CT findings suggested an abdominal compartment 
syndrome and the intravesical pressure was measured, 
confirming the diagnosis
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Because the patient can die from the develop-
ment of a multi-failure organ syndrome caused 
by ACS and not necessarily from the injuries 
themselves, it is important that the radiolo-
gist during the MDCT assessment of the severe 
trauma patient pays careful attention to ACS 
signs and alerts the surgeon before these impair-
ments become irreversible. Early diagnosis of 
ACS is based on MDCT findings and knowledge 
of the causes of the syndrome.

12.2	 �Intra-abdominal Pressure

Normal values of intra-abdominal pressure 
(IAP) are considered to be close to atmospheric 
pressure, 0–5  mmHg. Consensus definitions 
propose IAH as an IAP greater than 12  mmHg 
[13]. However, there are differences of opinion 
in the literature regarding the value at which IAH 
becomes abnormal. Some authors [14] note that 
the range in which the abdominal decompression 
is needed is around 20–25  mmHg, because the 
highest incidence of mortality occurs with an IAP 
of >25 mmHg. Individual physiology and comor-
bidities can influence the patient’s tolerance of 
IAH [15].

Intra-abdominal pressure can be measured by 
direct or indirect monitoring. Direct methods are 
based on the introduction of an intraperitoneal 
cannula for measuring intra-abdominal pressure, 
or a femoral venous line for measuring inferior 
vena cava pressure. There is a close correla-
tion between IAP and inferior vena cava pres-
sure [16]. Other indirect methods are based on 
intragastric and rectal pressure evaluation. With 
the use of an intragastric tube, water is instilled 
into the gastric lumen and the pressure within the 
abdominal compartment is measured within the 
stomach, by a manometer or pressure transducer. 
Rectal pressure measurement can be achieved 
with a tube which is introduced 10  cm above 
the anal edge [16]. The bladder pressure method 
is considered the reference standard [17] and is 
considered the most valid measurement of IAP 
via indirect measurement. 100  mL of water is 
instilled into the bladder, and pressure is mea-
sured by a manometer [17].

12.3	 �Pathophysiology 
of Abdominal Compartment 
Syndrome

ACS can involve any organ and system. Organ 
impairment typically starts subtly, and at vary-
ing intra-abdominal pressures, depending on the 
individual’s abdominal conformity. In ACS, there 
is a decrease of the cellular blood supply which 
reduces the aerobic metabolism pushing the cells 
into an anaerobic state, leading to lactic acidosis 
[18]. The compression of the capillary network of 
organs and tissue interrupts transfer of the carbon 
dioxide. This further increases acidity at a cellu-
lar level, particularly in the intestines. Systemic 
acidosis develops, as more vascular impairment 
and organ dysfunction occur.

As the pressure increases within the abdominal 
cavity, it begins to compress the inferior vena cava 
(Fig. 12.2) with stagnation of the blood at periph-
ery of the body, and consequent reduction in car-
diac output and blood pressure. The elevation and 
compression of the diaphragm due to ACS increase 
intrathoracic pressure. As intrathoracic pres-
sure increases, it further limits cardiac output and 
venous return, leading to pulmonary vascular resis-
tance and impaired right ventricular activity [19]. 
Furthermore, the heart, compressed by the abdomi-

Fig. 12.2  A 45-year-old man after a fall from a high tree. 
IV contrast- enhanced axial CT scan depicts a large liver 
contusion, a small abdominal aorta (white arrow), a flat-
tened inferior vena cava (white arrowhead) and extralumi-
nal free air bubble anterior to the liver due to a small 
intestinal loop laceration. The patient has a large retro-
peritoneal hematoma associated with multiple pelvic and 
lumbar vertebral fractures
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nal high pressure and diaphragm elevation, can 
contribute to increase in the elevated central venous 
pressure and pulmonary capillary pressure [20].

The reduction in cardiac output is an early clin-
ical finding of ACS, and is caused by the attempt 
to compensate for the reduced stroke volume [20]. 
Hypotension is considered a late clinical find-
ing [21]. Additionally, the high pressure on the 
abdominal aorta wall leads to a further reduction 
in cardiac output. Increased intra-abdominal pres-
sure proceeds through the diaphragm, compress-
ing the lower lungs (Fig.  12.3) with subsequent 
hypoxemia and hypercarbia. In order to correct 
hypoxemia and hypercarbia, the clinician fre-
quently increases mechanical ventilator pressure, 

increasing the risk of barotrauma and development 
of interstitial emphysema, pneumomediastinum, 
and subcutaneous emphysema (Fig. 12.4) [22].

The rise in intrathoracic pressure limits venous 
flow from the cranial circulation. This causes a 
high intracerebral pressure, and impairs brain per-
fusion pressure [23, 24, 25]. When the IAP is more 
than 15  mmHg, the high pressure on the renal 
veins and parenchyma causes a decrease in renal 
perfusion, leading to oliguria (Fig. 12.5) [26].

Renal dysfunction from increased IAP is also 
due to cortical arteriolar compression, which 
leads to decreased glomerular filtration rate. This 
increases water and sodium retention due to the 
activation of the renin-angiotensin system, which 
can lead to acute tubular necrosis, and irrevers-
ible renal failure (Fig. 12.6) [27]. The effect of 
increased IAP on the kidney depends also on 
other factors. The urinary tract is compressed and 
antidiuretic hormone secretion increases; limited 
cardiac output reduces blood flow to the kidney, 
with a reduction in efferent flow, leading to com-
promised renal perfusion gradient [28].

Hepatic artery blood flow is impaired at a 
relatively low IAH; portal vein blood flow is 
also compromised by direct compression and by 
reduced cardiac output, leading to severe hepatic 
dysfunction. The impaired intestinal perfusion 

Fig. 12.3  A 32-year-old man involved in a motorcycle 
collision with an open-book pelvic fracture, was treated in 
another hospital with pelvic packing for large hematoma. 
After a few days, he was trasferred to our hospital for liver 
dysfunction and anuria. IV contrast- enhanced axial CT 
image shows bilateral renal infarctions (arrows) liver 
ischemia (arrowheads) and a splenic laceration. There 
were a small portal vein, a small aorta, a flattened inferior 
vena cava and a left pleural effusion do to left inferior ribs 
fractures. These CT findings were interpreted as post-
packing abdominal compartment syndrome (ACS). After 
surgical removal of packing, only the liver function 
became progressively normal

Fig. 12.4  A 48-year-old woman was admitted to the 
Intensive Care Unit for polytrauma in a motor vehicle col-
lision. The patient had brain injury and hemoretroperito-
neum from right renal lacerations; both were treated 
conservatively. The patient developed respiratory distress 
and axial CT image of the thorax shows multiple intersti-
tial empysema due to barotrauma (arrowheads) associ-
ated with pneumomediastinum (arrow) and subcutaneous 
emphysema, due to high mechanical ventilator pressure
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that results from IAH produces anaerobic cellular 
metabolism, acidosis, and free radical production 
in the blood. Gastrointestinal hypoperfusion also 
causes a reduction of the gastric and intestinal 
mucosa thickness, which contributes to the pas-
sage of microorganisms and toxins through the 
intestinal wall, from the bowel lumen to the sys-
temic circulation [27]. Bacteria and toxins also 
move from the intestinal wall to the mesenteric 
lymph nodes, which are the initial site of sepsis, 
and the main source of the resultant systemic 
inflammatory response syndrome (SIRS) [29].

Trauma with hemorrhagic shock can lead to a 
capillary leak syndrome, resulting in the extrava-
sation of fluid into bowel interstitium, with the 
development of massive bowel edema (Fig. 12.7). 

Fig. 12.5  A 25-year-old woman with a large subcapsular 
liver hematoma was treated at another hospital with perihe-
patic packing following a motor vehicle collision. After few 
days, she was transferred to our hospital for treatment of 
liver and renal dysfunction. IV contrast-enhanced axial CT 
scan shows a large subcapsular liver hematoma (arrowhead 
and short arrow), surrounded by packing, causing the com-
pression of the liver, inferior vena cava, right renal artery and 
vein (arrows). The right renal parenchyma enhancement 
was less than the left kidney. The CT findings were inter-
preted as abdominal compartment syndrome, developing 
from perihepatic packing. Packs were promptly surgically 
removed, and liver and renal function returned to normal

Fig. 12.6  A 32-year-old man involved in a motorcycle col-
lision with an open-book pelvic fracture was treated in 
another hospital with pelvic packing for large hematoma. 
After a few days, he was transferred to our hospital for liver 
dysfunction and anuria. IV contrast-enhanced axial CT 
image shows bilateral renal infarctions (arrows) and liver 
ischemia (arrowheads) and a splenic laceration. There were 
a small portal vein, a small aorta, a flattened inferior vena 
cava and a left pleural effusion do to left inferior ribs frac-
tures. There was a small portal vein and small aorta, and 
flattened inferior vena cava. These CT findings were inter-
preted as post-packing abdominal compartment syndrome 
(ACS). After surgical removal of packing, only the liver 
function became progressively normal

Fig. 12.7  A 25-year-old woman with a large subcapsular 
liver hematoma, was treated at another hospital with perihe-
patic packing following a motor vehicle collision. After few 
days, she was trasferred to our hospital for treatment of 
liver and renal dysfunction. IV contrast- enhanced axial CT 
scan shows a large subcapsular liver hematoma 
(arrowhead), surrounded by packing, causing the compres-
sion of the liver, inferior vena cava, right renal artery and 
vein (arrows). The right renal parenchyma enhancement 
was less than the left kidney. The CT findings were inter-
preted as abdominal compartment syndrome, developing 
from perihepatic packing. Packs were promptly surgically 
removed, and liver and renal function returned to normal
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The intestinal wall has a great capacity to retain 
water, and can hold up to several liters of fluid. 
Intestinal wall edema increases pressure within 
the abdominal cavity, which can lead to decreased 
bowel perfusion [18]. Increased IAP also obstructs 
lymphatic efflux of fluid from the abdomen, wors-
ening the process [29]. All of these factors can 
contribute to the increasing mesentery and intes-
tinal wall edema, and IAP continues to increase 
(Fig. 12.7).

Furthermore, the trauma which leads to hem-
orrhagic shock may need massive fluid infusion. 
The initial traumatic event leads to direct blood 
loss from abdominal vascular leak. Whether the 
patient needs surgery to stop the bleeding or is 
managed conservatively, the patient generally 
has already lost a considerable quantity of blood, 
and needs blood transfusions and crystalloid fluid 
infusions to replace blood volume. Blood loss fol-
lowed by fluid resuscitation or blood transfusion 
can result in an ischemia-reperfusion injury to 
the bowel, which can lead to an increased capil-
lary permeability [29]. The result is progressively 
swollen bowel loops, and consequently ACS.

12.4	 �Main Causes of Traumatic 
Abdominal Compartment 
Syndrome

The traumatic bleeding can cause hypoperfusion 
to organs and tissues (Fig.  12.6). After active 
resuscitation, tissue reperfusion occurs and pro-
motes interstitial edema. This is known as reper-
fusion syndrome and increases the volume and 
pressure inside the abdominal cavity, adding to 
the already rising IAP [30, 31].

A strategy to limit abdominal hemorrhage is 
to perform a damage-control laparotomy. This 
attempts to stop bleeding from organs or ves-
sels by placing surgical packs in the patient’s 
abdominal cavity, near the source of bleeding 
(Fig.  12.8). However, this potentially lifesaving 
procedure leaves patients at risk of developing 
primary ACS [2], because the packs are space 
occupying, and create increased abdominal pres-
sure (Fig.  12.9). Also, the injured bowel loops 
can become edematous, worsening the IAH 
(Fig. 12.7) [32]. Furthermore, if the abdomen is 

closed under tension, the risk of ACS is increased 
as the abdominal wall has little compliance. Since 
the introduction of damage-control laparotomy, 
more individuals are surviving extensive abdomi-
nal and pelvic trauma [33]. However, the risk of 
ACS could be increased. Usually the patient will 

Fig. 12.8  A 64-year-old man with a pelvic hematoma fol-
lowing a fall from a height. IV contrast-enhanced coronal 
abdominal maximal intensity project image shows a pelvic 
packing (arrows) utilized for treating a pelvic hematoma 
due to a traumatic hypogastric vein laceration

Fig. 12.9  A 57-year-old woman after fall from a win-
dow. She had a deep bleeding laceration of the liver dome 
which was treated with perihepatic packing (arrowheads). 
IV contrast-enhanced axial abdominal CT image shows 
the large perihepatic packing (arrowheads) compressing 
the liver parenchyma, and the inferior vena cava which 
has a flat appearance (white-black arrow), indicating 
ACS. After CT, the packing was removed
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return to the operating room for removal of the 
packs, once stabilized. If the patient’s condition 
is complicated with ACS, the abdominal pres-
sure needs to be reduced immediately to prevent 
severe consequences [34].

Secondary ACS can be seen in patients with 
severe shock (Fig. 12.10) and who have received 
massive fluid for hemorrhage, sepsis, or major 
burns. It is due to fluid shifts from the vascular 
space into the interstitial space, resulting in intes-
tinal wall edema, and fluid accumulation in and 
around the abdomen [35]. These patients are at 
higher risk of not being recognized because of 
the absence of an abdominal wound [3].

Patients that have had a laparotomy, massive 
fluid infusion, pneumoperitoneum, hemoperi-
toneum, or other injuries should be evaluated 
with a high index of suspicion for IAH and 
ACS.  Indications for IAP monitoring include 
trauma, posttraumatic abdominal surgery, and a 
distended abdomen with ACS signs and symp-
toms including oliguria, hypoxia, hypotension, 
unexplained acidosis, mesenteric ischemia, and/
or elevated intracranial pressure.

Monitoring of IAP should be considered 
for patients who have had temporary closure 
with abdominal packs, and who have received 
large volumes of resuscitation fluids for septic 
or hypovolemic shock. There needs to be care-
ful observation in assessment of the patient’s 

IAP and organ function to optimize early 
recognition.

12.5	 �MDCT Technique

CT is the main diagnostic imaging examina-
tion tool in patients with blunt and penetrating 
trauma. The MDCT protocol which is given here 
is designed for a 64-row CT scanner. Images are 
acquired at 0.625 collimation, with reconstruc-
tion axial slice of 2.5  mm, pitch of 0.984, and 
gantry rotation time of 0.5 s. The standard radia-
tion dose is about 15 millisievert.

At our institution, preliminary non-enhanced 
chest and abdomen CT acquisitions can be 
obtained to depict blood collections and clots 
inside the thoracic cavity, peritoneum, retro-
peritoneum (Fig.  12.11), tissue, and organs. 

Fig. 12.10  A 28-year-old man with penetrating trauma 
(stabbing). IV contrast-enhanced axial abdominal CT image 
reveals a large amount of hemoperitoneum and hemoretro-
peritoneum, with extravasation of contrast (arrow) from a 
mesenteric artery injury, compressing the inferior vena cava 
and abdominal aorta (arrowheads), and causing ACS

Fig. 12.11  A 55-year-old man with blunt back trauma. 
Patient is anticoagulated with history of cardiac surgery. 
Non-contrast sagittal abdominal CT image shows a retro-
peritoneal hematoma (arrows)
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Intravenous administration of contrast is manda-
tory for evaluating organ and vessel injuries and 
ongoing hemorrhage. For superior enhancement 
of organs, tissues, and vessels, contrast agents 
with a higher concentration of iodine (400 mg/
mL) and high injection rates (at least 3–4 mL/s) 
are preferred, and are followed by a 30–50 mL 
saline chaser, also injected at a rate of 3–4 mL/s. 
The arterial phase is used to detect arterial inju-
ries, including pseudoaneurysms. The portal 
phase acquisition, obtained with a scan delay of 
70  s, gives maximum enhancement of organs, 
intestinal wall, tissues, and venous structures.

12.6	 �CT Findings

The imaging diagnosis of abdominal compart-
ment syndrome is based on color Doppler and 
CT of trauma patients, combined with the clini-
cal information.

Sonography with color Doppler can demon-
strate reduced diastolic flow in the portal, hepatic, 
and renal veins in patients with ACS.

The most important CT features are sub-
stantial hemoperitoneum associated with an 
elevated diaphragm (Fig. 12.7) and/or massive 
retroperitoneal hemorrhage with obvious mass 
effect (Fig.  12.12), with prominent involve-
ment of the pararenal spaces and sometimes 
perirenal spaces. Another important CT find-
ing is a rounded represented by the evidence of 
a rounded configuration of the abdominal wall. 
Significant abdominal distention has a more 
rounded appearance, with anteroposterior-to-
lateral girth ratio >0.8 (without the inclusion of 
subcutaneous fat). This finding had been called 
the “round belly sign,” and can be associated 
with the presence of bilateral epiploic or peri-
toneal fluid inguinal herniation [36].

Direct extrinsic compression of the inferior 
vena cava and renal veins results from large ret-
roperitoneal and/or intraperitoneal hematomas. 
Flattened inferior vena cava and renal veins 
(Fig.  12.12) are frequently associated with an 
increased unilateral or bilateral renal volume 
with post-contrast enhancement reduction, due 
to function impairment [37]. The compression of 

the urinary tract due to the presence of perineph-
ric fluid collection can be associated with unilat-
eral or bilateral hydronephrosis [38, 39].

Another important CT finding is intestinal 
ischemia. This is manifested as increased bowel 
wall enhancement with edema and increased 
gastric wall enhancement associated with gas-
tric lumen overdistension by fluid (Fig.  12.13) 
[40]. Mosaic liver perfusion and splenic ischemia 
or infarct are related to hypoperfusion of these 
organs.

Flattened inferior vena cava (Fig. 12.12) and 
increased bowel enhancement are not specific for 

Fig. 12.12  A 23-year-old woman after fall from a bal-
cony. IV contrast-enhanced axial abdominal CT image 
depicts a large amount of hemoretroperitoneum (arrows), 
associated with a flattened inferior vena cava (arrow-
head). The small intestine is compressed and displaced to 
the left abdomen

Fig. 12.13  A 48-year-old man with a stab wound. IV 
contrast-enhanced axial abdominal CT image demon-
strates an exsanguinating liver laceration (arrow), hemo-
peritoneum, and increased gastric wall enhancement 
associated with gastric distension (arrowheads), in asso-
ciation with HAP
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ACS, because they are also and more commonly 
present in patients with hypovolemic shock, but 
without ACS.

Elevated diaphragm (Figs. 12.3 and 12.7) is a 
sensitive finding, but is not specific for ACS.

However, when a combination of the described 
findings is present in the appropriate clinical set-
ting, or if these findings worsen on follow-up CT 
of trauma patients, it is important to think about 
the potential development of ACS [41–43]

12.7	 �Management of Intra-
abdominal Hypertension

Abdominal decompression of ACS rapidly 
improves cardiac, pulmonary, and renal function. 
So, for patients with primary ACS, it is neces-
sary to perform an abdominal decompression 
as soon as possible. Minimally invasive options 
include percutaneous drainage of intra-abdomi-
nal and intrapelvic fluid collections, under CT or 
ultrasound guidance. Several studies have shown 
outcome benefits when these minimally invasive 
techniques are utilized [44, 45]. Decompressive 
laparotomy is the most effective treatment for 
ACS [45]. The abdominal muscle fascia is usu-
ally left open (Fig. 12.14), and alternative dress-

ing closure such as polypropylene mesh is sutured 
to the abdominal fascia to give the visceral layer 
more expansion.

�Conclusion

Acute compartment syndrome occurs in a 
substantial number of severely injured abdom-
inal trauma patients, and develops rapidly. It is 
a clinical syndrome that can easily be misin-
terpreted, and can lead to worsening outcome 
of trauma patients.

It is essential to diagnose and manage ACS 
early, because without a rapid intervention the 
risk of death is high [14, 46]. Most patients 
who develop ACS have had recent severe 
abdominal/pelvic trauma, which required 
staged laparotomy and packing to control 
hemorrhage secondary to coagulopathy. 
Abdominal packing combined with an abdom-
inal closure is often employed in these 
patients, and increases the risk of developing 
ACS. This syndrome is a complication which 
develops over the course of the staged lapa-
rotomy approach; therefore, the timing of the 
decompression is particularly related to the 
management of these patients. Paradoxically, 
while increased IAP may be critical in stop-
ping bleeding, excessive IAP may promote 
coagulopathy through cellular shock.

Soon after injury, the benefits of the com-
pression provided by staged laparotomy are 
clear; however, later, as intra-abdominal 
pressure is greater than capillary perfusion 
pressure and the abdominal hypertension 
raises diaphragmatic pressure, the risk of 
ACS may cancel out benefits of the compres-
sion. ACS is a subtle and potentially life-
threatening disease that requires good clinical 
expertise to diagnose and manage properly. 
With the use of MDCT for the assessment 
and follow-up of severe trauma patients, the 
early diagnosis of ACS can be facilitated, 
especially with the color Doppler ultrasound 
and bladder pressure measurement.

Radiologists are increasingly likely to eval-
uate patients with ACS following abdominal 
and/or pelvic traumatic hematomas, and then 
after application of packs. An awareness of 

Fig. 12.14  A 55-year-old man developed ACS after a lac-
eration of the pancreas, followed by pancreatitis with mes-
enteric and retroperitoneal fluid collections. The patient 
was treated surgically and the collections were drained. IV 
contrast-enhanced axial abdominal CT image shows an 
open abdominal wall and muscle fascia of the abdomen 
(arrows), performed for the decompression of ACS
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the CT features of ACS is important, because 
this syndrome has to be managed with the 
immediate decompression of abdomen and/or 
pelvis and because lack of recognition may 
lead rapidly to multi-organ failure and death 
of the patient. Radiologists should be aware of 
ACS, and should be vigilant for CT features 
indicating possible increased intra-abdominal 
pressure in patients at risk for developing the 
syndrome. In the appropriate clinical setting, 
CT findings suggestive of the abdominal com-
partment syndrome should be communicated 
by the radiologist to the clinical staff without 
any delay.
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Abstract

The acute abdomen and pelvis is a serious 
clinical condition which may require urgent 
surgery. The potential causes of the acute 
abdomen and pelvis in pediatric patients are 
numerous, as in adults, and diagnosis is often 
delayed due to misleading signs and symp-
toms. Clinical signs and symptoms are often 
nonspecific; abdominal and pelvic pain and 
abdominal distention are common in a wide 
variety of disorders. Other signs and symp-
toms can include bilious vomiting, other signs 
of intestinal obstruction, urinary tract signs, 
fever, and weakness. Although in adult 
patients with an acute abdomen/pelvis, com-
puted tomography (CT) is the mainstay of 
diagnosis and for discriminating conditions 

requiring surgery from those which can be 
treated conservatively, the use of CT in pediat-
ric patients in recent years has decreased due 
to the potential risks of radiation exposure. 
The role of ultrasound (US) has become 
increasingly important. US does not use ion-
izing radiation, is usually readily available in 
emergency departments, is inexpensive, is 
portable, and does not require patient seda-
tion. Furthermore, US allows assessment of 
intestinal peristalsis, and allows compression 
of the bowel. Magnetic resonance imaging 
(MRI) also does not use ionizing radiation, 
and can be used to diagnose a wide variety of 
pediatric acute abdominal and pelvic condi-
tions, but MRI is more expansive, is not 
always available in emergency departments, 
and often requires sedation of pediatric 
patients to obtain good-quality images. 
Despite this, in line with radioprotection crite-
ria, MRI should be considered as an alterna-
tive to CT, for its excellent ability to depict the 
causes of acute abdominal and pelvic disease, 
to provide valuable assistance in differential 
diagnosis, and for evaluation of any 
complications.
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13.1	 �Introduction

Abdominal and pelvic pain is one of the most fre-
quent reasons why pediatric patients are evalu-
ated in pediatric emergency departments. The 
role of the pediatric emergency physician is to 
verify the existence of an emergency condition, 
and to differentiate between medical and surgical 
emergencies. Abdominal and pelvic pain in the 
pediatric population is a challenging condition. 
Approximately 15% of children will go to the 
doctor during the first 15 years of life for abdomi-
nal pain, but only one-third will need hospitaliza-
tion or surgery [1].

In all age groups, the most common cause of 
abdominal pain is gaseous colic and/or constipa-
tion. The pediatrician must be able to distinguish 
serious illness from benign causes. Clinical signs 
are often nonspecific; abdominal pain and 
abdominal distention are common in different 
diseases. Other symptoms can include bilious 
vomiting, other signs of intestinal obstruction, 
urinary tract signs, fever, and weakness. Early 
clinical manifestations are often nonspecific, and 
can be confused with medically treated condi-
tions including flu and gastroenteritis, resulting 
in delays in diagnosis. The need for adequate 
clinical observation in acute abdominal pain is 
particularly recommended in the first 3–4 years 
of life, when both manifestations and clinical 
assessment are often nonspecific.

Abdominal pain can be a single acute event, 
acute but recurrent, or chronic. Differential diag-
nosis is difficult, and varies in relation to age. 
Although some situations are present throughout 
pediatrics (including constipation and gastroen-
teritis), some occur only at certain ages (for 
example, intussusception in infants). The clinical 
history and physical examination are therefore 
essential for a proper diagnostic framework. 
Laboratory examinations and imaging are funda-
mental for diagnosis. In approximately 55% of 
children with acute abdominal pain, a specific 
medical diagnosis is established, while in 35% no 
specific cause is found [1].

Although in adult patients with acute abdomi-
nal and pelvic pain computed tomography (CT) 
is the mainstay of diagnosis and for 

discriminating conditions requiring surgery from 
those which can be treated conservatively, the 
use of CT in pediatric patients in recent years has 
decreased due to the potential risks of ionizing 
radiation exposure [2]. To avoid radiation expo-
sure in pediatric patients, in recent years US has 
become increasingly important. Multiple clinical 
studies have demonstrated that in the pediatric 
emergency department, US should be used as the 
first-line imaging technique [3], and only if the 
findings are negative or equivocal CT can be 
used as a subsequent method [4, 5]. Since US 
has multiple advantages, it is the ideal method 
and it should almost always be used for initial 
evaluation in the pediatric population, although 
it does have some limitations. US does not use 
ionizing radiation, is always available in emer-
gency departments, is relatively inexpensive, 
and does not require patient sedation. 
Furthermore, US allows assessment of intestinal 
peristalsis, and permits compression of the 
bowel [3].

Magnetic resonance imaging (MRI), which 
also does not use ionizing radiation, can be used 
to diagnose the pediatric acute abdomen, but 
MRI is more expensive, is not always available in 
emergency departments, and often requires seda-
tion of pediatric patients to obtain good-quality 
images. Despite this, in line with radioprotection 
criteria, MRI should be considered as an alterna-
tive to CT, for its excellent ability to depict the 
causes of abdominal and pelvic disease, to assist 
in differential diagnosis, and for evaluation of 
any complications. Currently, the use of fast MR 
sequences substantially reduces the examination 
time, and in some patients avoids the need for 
sedation; with wider MR gantries or “open” MR 
equipment, it is easier to monitor pediatric 
patients. Also, IV contrast is not always neces-
sary for the evaluation of some clinical situations 
of the acute abdomen and pelvis.

13.2	 �Clinical Management

Evaluation of acute abdominal pain is a frequent 
problem in the pediatric emergency department, 
and the assessing health-care practitioners need 
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to discriminate amongst multiple potential 
etiologies.

13.2.1	 �Distribution by Age

The variability and complexity of diseases associ-
ated with abdominal and pelvic pain at different 
ages of pediatric patients explain the nonspecific-
ity and potential for diagnostic error. The causes 
of the acute abdomen in pediatric population are 
numerous but can be divided into two main 
groups, inflammatory causes and occlusive 
causes. The most frequent inflammatory causes 
are acute appendicitis, which are often due to 
occlusion of the appendicular lumen by appendi-
colith; the most frequent occlusive causes are 
internal hernia, intussusception, and adhesions, 
caused by either previous surgical intervention or 
congenital nonsurgical adhesions.

With respect to the age of clinical onset, the 
acute abdomen can be categorized into three 
major groups: the acute abdomen in newborns/
infants, the 2–6-year-old child, and the child over 
6 years old. In the first months of life, the main 
cause of abdominal pain is colic. The main patho-
logic causes are necrotizing enterocolitis, intesti-
nal malrotation, volvulus, and intestinal stenosis, 
i.e., hypertrophic pyloric stenosis (HPS) and 
bowel atresia. Before of the age of 2, the main 
causes of acute abdominal pain are gastroenteri-
tis, intestinal obstruction, congenital megacolon, 
intussusception, and incarcerated inguinal her-
nia. From 2 to 6 years, the most frequent causes 
are gastroenteritis, constipation, appendicitis, 
urinary tract infection, trauma, basilar pneumo-
nia, and mesenteric adenitis. Less frequent causes 
include Henoch-Schonlein purpura, nephrolithia-
sis, and various neoplasms (neuroblastoma and 
Wilms tumor). After 6 years, other causes include 
gastroenteritis, constipation, trauma, urinary tract 
infection, mesenteric adenitis, appendicitis, and 
other intestinal disorders.

Genitourinary emergencies can present both in 
the neonate and in the older infant or child, with 
acute abdominal pain, fever, and an abdominal 
mass. These include hydronephrosis, in particu-
lar, which is the most common cause of a neonatal 

abdominal mass, neonatal adrenal hemorrhage, 
nephro-urolithiasis, pyelonephritis, an acute scro-
tum, hydrometrocolpos, and ovarian torsion.

13.2.2	 �Location of Pain: Onset of Pain

In pediatric patients, unlike in adults, pain local-
ization does not have precise diagnostic value, 
since pediatric patients, especially under 3 years 
of age, are often uncooperative, and pain is fre-
quently reported in the periumbilical area. 
Therefore, it is very difficult to identify the point 
of greatest pain on palpation. However, the 
topography of acute abdominal pain can be use-
ful for initial differential diagnosis.

Even when the pain is related to a specific 
abdominal quadrant, it can be indicative of more 
than one disease. Pain in the upper right quadrant 
may indicate retrocecal appendicitis, pyelone-
phritis, basilar pneumonia, acute hepatitis, or 
cholecystitis. In the upper left quadrant, the most 
common causes include pyelonephritis and basi-
lar pneumonia. In the right and left lower quad-
rants, causes of acute pain include acute 
appendicitis, nephrolithiasis, incarcerated ingui-
nal hernia, ovarian torsion, and ectopic preg-
nancy. Periumbilical pain may indicate peritonitis, 
acute pancreatitis, intestinal obstruction, consti-
pation, or bowel colic.

When diagnosing abdominal and pelvic pain 
in pediatric patients, the chronology of the onset 
of pain is fundamental. It is not always possible 
to get this information because the patient may be 
too young to explain the symptoms, or was not 
with the parents when the pain started. However, 
when possible, the time of onset of pain, localiza-
tion of pain, characteristics of pain, degree of 
activity of the child, presence of gastrointestinal 
symptoms (including anorexia and nausea, vom-
iting, diarrhea, and constipation), presence of any 
other systemic symptoms, and family history 
should all be evaluated.

Since some patients with acute abdominal and 
pelvic pain require urgent surgery, delayed diag-
nosis may result in increased morbidity, and, in 
some pediatric patients, death. Surgical diagnoses 
represent less than 10% of the causes of acute 
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abdominal and pelvic pain in the infants and 
young children [1], but if not diagnosed they can 
lead to severe complications. The role of imaging 
is to help distinguish amongst the causes of 
abdominal and pelvic pain which require surgical 
intervention, from those which can be treated 
conservatively.

As the discussion of this chapter specifically 
focuses on the acute abdomen in children, the 
following are the main causes in this age group. 
In the toddler and older child, and in the adoles-
cent, the most common causes which require sur-
gery are acute appendicitis and Meckel 
diverticulum. In this chapter we discuss disorders 
which generally require surgery: ileocolonic 
intussusception, appendicitis, and Meckel diver-
ticulum. We also discuss the differential diagno-
sis, and the potential complications. Mesenteric 
adenitis is often found in children with abdomi-
nal pain, and is briefly covered. We do not dis-
cuss other specific diseases of newborns and 
small infants (2–3 months old).

13.3	 �Intussusception

Intussusception is a relatively common surgical 
emergency in children. The reported incidence is 
variable, between 0.66 and 4 per 1000 births, 
with a male/female ratio of 3:1 [6]. Intussusception 
affects mainly children in the first 3 years of life, 
with two peaks of incidence. The first peak is at 
3–9 months, and the cause of the intussusception 
is generally idiopathic or related to reactive infec-
tious right lower quadrant adenopathy. In the sec-
ond group, children older than 2  years, a 
pathologic leading point is usually present [7]. 
Approximately 95% of pediatric patients with 
intussusception do not have a fixed pathologic 
leading point. The cause is lymphatic tissue 
hyperplasia, usually resulting from viral infec-
tions as noted (e.g., adenovirus, rotavirus, and 
herpesvirus) [8].

Intussusception occurs when one portion of 
the intestinal tract is drawn into the adjacent 
bowel. The intestine also carries the mesentery 
with lymph nodes and vessels, which are then 
stretched. In addition to an occlusive event, given 

by the intestine intussuscepted, there is also an 
ischemic component. The most common site in 
pediatric patients is the terminal ileum and cecum 
(80–95%), with the ileocecal valve as the receiv-
ing loop and the ileum as the donor loop. Isolated 
small bowel intussusception is much less fre-
quent in pediatric patients and usually spontane-
ously reduces and does not require further 
treatment. However, it may be due to underlying 
celiac disease.

There are various hypotheses as to why intus-
susception is more frequent at the ileocecal valve, 
including greater disproportion between the size 
of the ileum and the ileocecal valve in younger 
children than those of older age, or increased 
intestinal peristalsis and relaxation of the ileoce-
cal valve due to increased nitric oxide production 
caused by inflammatory reactions which usually 
precedes intestinal intussusception [7].

In 1–6% of pediatric patients, intussusception 
occurs in children older than 5 years. In this age 
group, there is a much higher likelihood that the 
invagination is due to a pathologic leading point. In 
these patients, it is important to look for underlying 
conditions including appendicitis, Meckel diver-
ticulum, and a gastrointestinal duplication cyst.

Intussusception presents with a palpable mass, 
irritability, intermittent crying, abdominal colic, 
bilious vomiting, and “currant jelly” or bloody 
stools. Children are initially irritable, and then, if 
the intussusception does not resolve spontane-
ously, there may be alternating of drowsiness and 
abdominal pain episodes. The simultaneous pres-
ence of intermittent abdominal pain, vomiting, 
and a palpable mass in the right upper abdominal 
quadrant has a positive predictive value of intus-
susception of approximately 93%; if rectal bleed-
ing is added to these, this positive predictive 
value increases to 100% [9–11].

13.3.1	 �Diagnostic Imaging 
and Nonoperative Treatment

The clinical diagnosis of intussusception is 
confirmed by imaging. The diagnosis of 
intussusception is made with fluoroscopic enema, 
currently performed primarily using air, or with a 
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hydrosoluble contrast agent mixed into a water 
solution. Air or liquid enema is still used today in 
many hospitals worldwide as the standard exami-
nation for the diagnosis of intussusception in 
children [10]. During the examination, the con-
trast medium reaches the intussuscepted seg-
ment, demonstrating the point of obstruction 
(Fig. 13.1). The intussuscepted segment appears 
as a “coiled spring” endoluminal filling defect, 
with a convex upper profile (Fig. 13.2).

Currently, in accordance with radioprotection 
criteria, it is preferable to initially diagnose intes-
tinal intussusception using US. US is performed 
to confirm the diagnosis, because of its high sen-
sitivity (97.9%) and specificity (97.8%), com-
bined with its noninvasiveness and absence of 
ionizing radiation [12, 13]. US also reveals the 

presence of other diagnoses, as well as predispos-
ing conditions. US is performed in infants and 
younger children using a high-frequency linear 
array transducer (5–12 MHz), while in the older 
child the convex probe (3.5 MHz) is used which 
allows for greater panoramic views. Most intus-
susceptions are ileocolic, and should be looked 
for in the right upper quadrant, in the subhepatic 
region, in particular. There are direct and indirect 
US signs of intussusception.

US images are quite specific; in the transverse 
view, the intussusception has a “target” or 
“doughnut” sign, due to the alternating concen-
tric layers of the receiving loop and the intussus-
cepted loop, with the addition of mesenteric fat, 
vascular structures, and lymph nodes (Fig. 13.3). 
In these axial images, there is an outer hyper-
echoic ring (the intussuscepted loop) and an inner 
hypoechoic ring (the intussuscipiens loop), which 
mimic the presence of a large, rounded mass. In 
longitudinal US, a “pseudo-kidney” appearance 

Fig. 13.1  Twenty-eight-month-old previously healthy 
boy with sudden onset of abdominal pain. Barium enema 
image shows an intestinal intussusception, with the typical 
filling defect with a convex upper profile. This figure is 
shown only for historical/demonstration purposes and does 
not reflect current techniques used

Fig. 13.2  Intestinal intussusception, barium image: 
detail of the intussusception, with the typical filling defect 
with a convex upper profile due to the intussuscepted loop 
(arrow)
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is the characteristic finding, resulting from the 
entrance of the intussuscepted loop, mesenteric 
fat, vascular structures, and sometimes lymph 
nodes, which are dragged into the intussuscipiens 
loop (i.e., the receiving loop) (Fig. 13.4). Often, it 
is possible to find both the appendix and the 
ileum invaginated into this process; in the older 
toddler or child, appendicitis can be the cause of 
the invagination (Fig. 13.5) [10]. The incorpora-
tion of mesenteric vascular structures into the 
intussuscipiens loop can cause venous conges-
tion with consequent wall edema and, if not 
resolved promptly, subsequent necrosis and 
perforation.

The typical appearance at color Doppler US 
is a double-ring appearance due to the vascular-
ization of the two sections of the intestinal 
loops. The absence of vascularization at color 
Doppler within the invagination is a sign of 
bowel necrosis and irreducibility without sur-
gery [14]. The presence of free fluid in the abdo-
men or between bowel loops is also associated 
with a high risk of necrosis, and with a much 
lower reduction rate. Indirect signs of intussus-
ception at US include free fluid in the abdomen 
or between bowel loops, associated with signs 

of intestinal occlusion. Also, numerous enlarged 
lymph nodes in the right iliac fossa are often 
present.

To date, the abdominal radiography is indi-
cated for identifying complications, including 
peritonitis and/or intestinal perforation with 
pneumoperitoneum (sensitivity 45%) [15].

If not recognized and not adequately treated, 
intussusception exposes patients to a high risk of 
severe complications, including intestinal perfo-
ration, peritonitis, and shock; the intervention 
must therefore be as timely as possible.

Spontaneous reduction of invagination 
occurs in about 17% of all pediatric intussus-
ceptions. Conservative treatment can be carried 
out by a US-guided hydrostatic contrast enema, 
or a fluoroscopic enema. In these patients, suc-
cessful reduction occurs most of the time (80–
92%). The absolute contraindications for 
conservative treatment (nonsurgical reduction 
of intussusception) are peritonitis and perfora-
tion [16].

The purpose of nonsurgical imaging treat-
ment is to reduce the intussusception by exerting 
pressure to push the intussuscepted loop out of 
its position, and to bring it back to its original 
position. Fluoroscopic guidance with enema or a 
water-soluble contrast agent can also be per-
formed. Fluoroscopic guidance can be per-
formed with a solution of 100 mL of iodinated 
contrast agent diluted to 10% with warm water. 
The iodinated contrast medium is used to show, 
at the end of the procedure, the positive or nega-
tive outcome. The solution is made by diluting 
the iodinated contrast medium with water, and is 
placed inside a bag positioned approximately 
1 m (3 ft) above the patient’s position. Through a 
Foley or similar catheter positioned in the rec-
tum, the iodinated solution extends by gravity, 
and the water distends bowel and reaches the 
point of invagination, where it penetrates 
between the intestinal rings, and if successful 
produces a progressive relaxation of the intus-
suscepted loop.

Abdominal radiography is possible to see the 
degree of distention of the intestine. If the loop 
appears too distended and the water cannot over-
come the point of invagination (Fig.  13.6), the 

Fig. 13.3  Three-year-old boy presenting with acute 
abdominal colicky pain, without fever, who was diagnosed 
with intussusception. Transverse US image shows the 
“target” or “doughnut” sign, due to the alternating concen-
tric layers of the receiving loop and the intussuscepted 
loop with the addition of mesenteric fat, and lymph nodes
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catheter must be removed; the water will flow out 
of the colon, and another attempt can be made 
(Fig. 13.7). Usually there are no more than three 
attempts. If bloody fluid emerges from the rec-
tum, the examination must be stopped 

immediately, because there is danger of perfora-
tion [17]. In North America, also air enema under 
fluoroscopic guidance is commonly used; this 
method is quick and clean, and has a high reduc-
tion rate (73–95%) [18].

a

c

b

Fig. 13.4  Two-year-old boy presenting with acute 
abdominal pain, due to enteritis starting a few days earlier, 
and then intussusception. US transverse (a) and longitudi-
nal (b, c) images with the typical transverse target sign 

and the longitudinal “pseudo-kidney” appearance. This 
morphology is due to the entrance of the intussuscepted 
loop, mesenteric fat, vascular structures, and sometimes 
lymph nodes, which are dragged into the receiving loop

a bFig. 13.5  Five-year-old 
boy presenting with 
acute abdominal pain, 
fever, and 
intussusception. Axial 
(a) and longitudinal (b) 
US images show the 
typical target aspect of 
an intussuscepted bowel 
loop. Note that both the 
appendix (white arrow) 
and the ileum 
(arrowhead) are 
intussuscepted
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When the procedure is successful, the intesti-
nal loops are progressively stretched and the 
invagination morphology changes gradually. At 
the end of the procedure, a radiograph of the 
abdomen demonstrates complete filling of the 
cecum, and passage of contrast into the lumen of 
the small bowel (Fig. 13.8). An abdominal radio-
graphic examination should also be performed if 
there is failure, to demonstrate the invagination 
point, and that no complications, particularly per-
foration, have occurred during the procedure.

Several studies have reported a high percent-
age of successful reduction with few 

complications [19]. The rate of recurrence in sur-
gically reduced intestinal invagination is ≤5%. 
The rate of recurrence of intestinal invagination 
after nonsurgical US-guided reduction with 
water, saline, or gas enema varies from 5 to 20%. 
In 50% of patients with recurrence, this occurs 
within 48  h [16]. One should not attempt a 
US-hydrostatic procedure of reduction of the 
invagination if the invagination is not recent, if at 
the US there are signs of occlusion with possible 
ischemia such as fluid between the loops and/or 
lack of peristalsis, if the patient is very young, or 
if the patient is much older. Differential diagnosis 

a bFig. 13.6  (a, b) 
4-year-old previously 
healthy boy presenting 
with acute abdominal 
pain. Intestinal 
intussusception. US 
enema shows the water 
solution which dilates 
the loop, and reaches the 
intussuscepted loop, but 
the water stops close to 
the intussuscepted 
segment. The procedure 
has failed and 
intussusception was not 
reduced. In this patient, 
surgical reduction was 
needed

a b c

Fig. 13.7  (a–c) Three-year-old boy presenting with acute 
abdominal pain, without fever, with intussusception. 
Hydrostatic US-guided reduction shows an intussuscepted 

loop (a, b). The water solution dilated the loop, reached 
the intussusception, reduced it, and completely cleared the 
lumen of the colon (c)
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includes appendicitis, lymphoma, Meckel diver-
ticulum, mesenteric adenitis, and gastrointestinal 
duplication cyst.

13.4	 �Acute Appendicitis

Acute appendicitis is the most common abdomi-
nal emergency in pediatric patients, and clinical 
diagnosis today is still relatively difficult [20–
24].The incidence of acute appendicitis is an esti-
mated 4 per 1000 cases per year in school-age 
children. It has a higher incidence in children 
between 5 and 15 years of age, and is rare under 
2 years. In approximately one-third of school-age 
children, the onset is classic, characterized by 
periumbilical pain which migrates to the right 
lower quadrant (McBurney’s point), followed by 
anorexia and vomiting, leukocytosis, and low-
grade fever [8]. In children under 5 years of age, 
the clinical presentation of acute appendicitis is 
generally subtle, frequently resulting in a delayed 
diagnosis and potential complications, ranging 
from perforation, abscess formation, and rarely 
death. Furthermore, younger children often are 
unable to localize pain, or to clearly describe 
their symptoms. Early diagnosis is fundamental 
to reduce morbidity. Moreover, the risk of 

progression to diffuse peritonitis and perforation 
in children is higher than in adults, ranging from 
20 to 50% [25]. Appendicitis is often confused 
clinically with gastroenteritis, due to diarrhea and 
vomiting occurring in 33–41%; in acute appendi-
citis, abdominal pain usually precedes vomiting, 
contrary to what happens in gastroenteritis [26]. 
Appendicitis is usually the result of the obstruc-
tion of its lumen, which becomes distended. The 
first event is obstruction caused by a fecalith(s), 
lymphoid hyperplasia, foreign bodies, and rarely 
parasites or tumor. Once the obstruction has 
occurred, the continuous mucus secretion inside 
the lumen causes increase in pressure, resulting 
in overdistention of the lumen. As the internal 
pressure exceeds capillary perfusion, venous 
engorgement leads to progressive ischemia. 
Since the mucous barrier is compromised by 
ischemia, bacterial proliferation occurs with the 
passage through the appendix wall, and conse-
quent transparietal inflammation. Continued tis-
sue ischemia results in appendiceal infarction 
and perforation.

13.4.1	 �Imaging

US is currently the initial imaging examination in 
the evaluation of children with suspected acute 
appendicitis. US is performed using a linear array 
transducer (5–12 MHz). The sensitivity and spec-
ificity of US alone in the diagnosis of appendicitis 
in children are estimated at 88 and 94%, respec-
tively [27]. The anatomical references in the right 
lower quadrant to look for the appendix are the 
cecum, iliac vessels, and psoas muscle. The grad-
ual pressure applied with the probe to bowel loops 
helps to differentiate normally collapsible bowel 
from the appendix, which is not compressible in 
appendicitis [28]. The appendix arises from the 
posteromedial wall of the cecum, a few centime-
ters below the ileocecal valve, although its distal 
tip may have a variable location. When imaging 
the appendix with US, it is important to try to 
visualize all of it, lumen up to the tip, but this is 
not always possible because both the length of the 
appendix and the site of the tip are very variable 
[29]. A normal appendix has an outer wall 

Fig. 13.8  Same patient as shown in Fig. 13.6. Radiograph 
at the end of US enema demonstrates that the procedure 
was successful
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diameter of 6 mm or less, its lumen is compress-
ible at the pressure of the probe, and it does not 
have substantial flow on color flow Doppler imag-
ing [4]. The outer wall diameter is measured in 
the transverse plane of the appendix.

The maximal mural thickness (MMT) is also 
measured, which is an important morphologic 
criteria used to identify a normal or abnormal 
appendix on US. It is defined as the distance from 
the hyperechoic luminal interface to the outer 
hyperechoic line. Normal MMT in the young 
children, older children, and adolescent are 
1.9 mm ± 0.4, 2.0 mm ± 0.5, and 2.1 mm ± 0.5, 
respectively. Other US findings of appendicitis 
include distention of the lumen, an outer wall 
diameter greater than 6 mm, non-compressibility 
of the lumen, and one or more appendicoliths 
(Fig. 13.9). On longitudinal images, the lumen of 
the appendix is distended by fluid, and often one 
or more appendicoliths can be found (Fig. 13.10). 
Increased vascularity of the appendicular wall at 
color Doppler is visible due to the inflammation, 

while decreased vascularity is appreciable in per-
foration/gangrenous changes (Fig. 13.11) [30].

The appearance of appendicular wall changes 
in advanced appendicitis. Thickened wall stratifi-
cation is maintained in catarrhal forms, while 
stratification is lost in phlegmonous and gangre-
nous appendicitis; in those patients, there is a 
high risk of perforation (Fig. 13.12).

Perforation is generally associated with a 
diagnostic delay of more than 36 h. In tip appen-
dicitis the rest of the appendix is normal 
(Fig. 13.13). Indirect signs of acute appendicitis 
on US include inflamed periappendiceal fat 
hyperechogenicity, enlarged lymph nodes, and 
free fluid. In secondary peritonitis, bowel loops 
are distended, there may be absent peristalsis, 
there is fluid between the bowel loops, there is 
hyperechogenicity of the pericecal fat, there is 
loss of the echogenic submucosal layer, and there 
may be abscess formation.

In the more complex or equivocal patients, CT 
with iodinated intravenous contrast can be 

Fig. 13.9  Seven-year-old girl presenting with acute 
recurrent abdominal pain and fever which started 2 days 
earlier, as well as diarrhea, with appendicitis. US 
transverse image shows the distended lumen of the appen-
dix, surrounded by hyperechoic mesenteric fat

Fig. 13.10  Appendicitis. Nine-years-old boy presenting 
with severe abdominal pain; no fever. US longitudinal 
image shows thickening of the appendiceal wall, fluid dis-
tending the appendicular lumen, and an appendicolith 
(calipers)
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a b

Fig. 13.11  (a, b) Ten-year-old boy presenting with fever 
and abdominal pain for 5  days, with appendicitis. US 
transverse image scan (a) shows the appendicular lumen 
distended with fluid, and an appendicolith. The appendix 

is surrounded by free fluid and hyperechoic mesenteric 
fat. The wall stratification is maintained; color Doppler 
shows parietal flow (b)

Fig. 13.12  Appendicitis. Ten-years-old boy with abdom-
inal pain, abdominal distention, fever, diarrhea. US longi-
tudinal image shows the appendiceal lumen distended by 
fluid, as well as loss of wall stratification. The appendix is 
surrounded by hyperechoic mesenteric fat

Fig. 13.13  Thirteen-year-old girl presenting with recent 
onset of pain in the lower abdominal quadrants. Tip 
appendicitis. US longitudinal image shows the tip of the 
appendix distended by fluid (arrows). Note loss of wall 
stratification and irregularity of the wall, whose profile 
blends into the surrounding mesenteric fat (arrowhead)
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performed (Fig. 13.14). In peritonitis, the infected 
fluid can extend from the pelvis to the scrotum 
(Fig. 13.15). Generalized bowel wall thickening 
may be found in the right lower quadrant [31]. In 
some patients, the clinical and laboratory diagno-
sis of appendicitis remains equivocal, even after 
US is performed [32]. In this scenario, the use of 
CT is becoming more frequent with the utilization 
of modern dosage reduction techniques. The radi-
ologist, however, must not forget the ALARA 
principle and minimization of the radiation dose, 
and the responsibility for choosing the most accu-
rate and appropriate imaging examination [33].

For these reasons, in the last few years, in 
patients with equivocal appendicitis, magnetic 
resonance imaging (MRI) is being increasingly 
used after US.  The absence of ionizing radia-
tion and the use of fast sequences make MR 
optimal [34]. Sequences usually include T2 
half Fourier multi-planar images with and with-
out fat saturation and T1-GRE images 
(Figs. 13.16 and 13.17). MRI also provides dif-
ferential diagnoses, including Crohn disease, 
Meckel diverticulitis, mesenteric adenitis, 
ovarian torsion, and ovarian hemorrhagic cyst 
(Figs. 13.18 and 13.19).

a

c d

b

Fig. 13.14  (a–d) Nine-year-old boy presenting with 
abdominal pain and fever, and an appendiceal abscess. US 
transverse image with convex probe (a) shows a complex 
pelvic mass. Axial CT image (b) and multi-planar recon-

structions (c, d) show a pelvic abscess surrounded by dis-
tended intestinal loops and free fluid, due to generalized 
peritonitis
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a

b c

Fig. 13.15  (a–c) 
Ten-year-old boy, with 
10 days of abdominal 
pain, and an appendiceal 
abscess. US transverse 
image with convex 
probe (a) shows a 
complex mass in right 
lower abdominal 
quadrant. US 
longitudinal and 
transverse images using 
a linear probe (b, c) 
show fluid, most 
noticeable in the right 
scrotum. Note the 
thickening and 
inhomogeneity of the 
scrotum wall due to the 
extension of the abscess 
through the inguinal 
canal

a b

c d

Fig. 13.16  (a–d) Seven-year-old girl with a positive US 
examination for appendicitis (not shown) but a nonspe-
cific clinical presentation. T2-weighted axial images  
(a, b) show thickening of the appendiceal wall and of the 

mesenteric fat; (c, d) IV contrast-enhanced GRE 
T1-weighted MR images show enhancement of appen-
dicular wall and of the adjacent mesenteric fat
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a b

c d

Fig. 13.17  (a–d) Ten-year-old girl with a positive US 
examination but with a nonspecific clinical presentation. 
T2-weighted axial MR image (a) shows a distended 
appendix (arrow), with a slightly thickened wall. 

T2-weighted fat-saturation MR axial image (b) demon-
strates periappendicular edema (arrow). On T2-weighted 
coronal MR images (c, d), it is possible to follow the 
entire course of the appendix

a b

Fig. 13.18  (a, b) Thirteen-year-old girl with pain in the 
right lower quadrant, no fever, and normal serum white 
blood cell counts. T2-weighted axial (a) and coronal (b) MR 

images demonstrate a left ovarian cyst. There are also find-
ings of torsion, with cyst wall thickening and a periovarian 
fluid collection. All these findings were proven at surgery
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13.5	 �Meckel Diverticulitis

Meckel diverticulum is one of the most common 
congenital anomalies affecting the gastrointestinal 
tract, with a prevalence of 2%. It affects about 
2% of the population, with slight male predomi-
nance [35]. Acute Meckel diverticulitis usually 
manifests with abdominal pain, fever, and vomit-
ing. The clinical presentation cannot be distin-
guished from acute appendicitis. The differential 
diagnoses include appendicitis, inflammatory 
bowel disease, and pelvic inflammatory disease 
in female patients. Meckel diverticulum is a true 
diverticulum, due to an obliteration failure of the 
omphalomesenteric (vitelline) duct, which nor-
mally occurs at 7–8  weeks of gestation. It 
involves all layers of the ileal wall, and is lined 
by normal small bowel mucosa. It frequently 
contains heterotopic mucosa, usually of the gas-
tric type. The ectopic tissue can also be pancre-
atic. It is located on the antimesenteric border of 
the intestine, at 80–85  cm above the ileocecal 
valve, and in 90% measures between 1 and 10 cm 
in length.

Most individuals are asymptomatic, and the 
Meckel diverticulum remains undiscovered. 

Many Meckel diverticula are discovered inciden-
tally. Complications occur in around 15–30%, 
commonly before 2 years of age; Meckel diver-
ticulum is the most common cause of intestinal 
hemorrhage in infants and children. Hemorrhage 
is usually due to erosion of adjacent ileal mucosa 
by acid produced by the ectopic gastric mucosa. 
Other complications include obstruction due to 
volvulus about the diverticulum, or intussuscep-
tion, with the diverticulum as the leading point. 
Inflammation, or perforation, is another potential 
complication [36].

The clinical diagnosis of Meckel diverticulum 
is difficult, and usually the diagnosis is made by a 
radiologist or at surgery [37]. US is the imaging 
method which may reveal a Meckel diverticulum. 
It shows a right lower quadrant tubular blind-end-
ing structure, which is connected to the small 
bowel, but not the cecum. The structure is non-
compressible, with a thick and irregular hyper-
echoic internal wall (mucosa and submucosa), 
and a hypoechoic external wall (muscularis pro-
pria). The diverticulum may contain an air-fluid 
level, a fluid level suggestive of recent hemor-
rhage, simple fluid, or fecal-like material. When 
obstructed, the diverticulum is overdistended with 

a b

Fig. 13.19  (a, b) Twelve-year-old girl with pain in the 
lower abdominal quadrants, without fever. T2-weighted 
axial MR image (a) shows a complex ovarian mass and a 

large fluid collection in the pelvis. A T1-weighted 3D 
fat-saturation axial MR image (b) reveals high signal of 
the fluid, typical of hemorrhage
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fluid (Fig.  13.20) [38]. Other US features of 
Meckel diverticulitis include wall thickening, 
increased wall vascularization, fat stranding, and 
adjacent fluid collections. US and CT can demon-
strate complications, including intestinal obstruc-
tion and intussusception (Fig.  13.21). The most 
frequent complication is enteric hemorrhage from 
peptic ulceration of ectopic gastric mucosa; this is 
usually painless. It can be massive, manifesting as 
red blood in the stool, with a texture comparable 
to “currant jelly” [40].

Technetium-99m pertechnetate scintigraphy is 
the imaging modality of choice for evaluating 

pediatric patients with gastrointestinal hemor-
rhage from a suspected Meckel diverticulum. 
Since mucous cells in the gastric epithelium 
uptake pertechnetate, after intravenous injection 
of Tc-99m pertechnetate, a Meckel diverticulum 
containing gastric-type epithelium will appear at 
scintigraphy as a small, rounded area of increased 
activity [40]. CT should be used in suspected 
complications including volvulus or intestinal 
occlusion, or if further evaluating for an intestinal 
bleeding site [41, 42].

13.6	 �Henoch-Schonlein Purpura

Henoch-Schonlein purpura (HSP) is the most 
common childhood vasculitis. It can affect any-
one, but is most common in children between 2 
and 6 years, and more frequently involves boys. 
It is characterized by palpable purpura, arthritis 
or arthralgia, colicky abdominal pain, and nephri-
tis. It is generally an acute self-limited vasculitis 
involving the small vessels of the skin, gastroin-
testinal tract, kidneys, joints, and rarely lungs and 
central nervous system. The most striking feature 
of HSP is a purplish palpable rash, typically on 
the lower legs and buttocks. It is a multisystemic 
small vessel vasculitis which involves the gastro-
intestinal tract, causing diffuse abdominal pain 
due to submucosal bowel hemorrhage and edema.

Henoch-Schonlein purpura is generally 
benign and has a good prognosis, responding to 

Fig. 13.20  Thirty-month-old boy, presenting with ane-
mia. Meckel diverticulitis. US axial image shows a fluid-
distended Meckel diverticulum, with a thickened wall. 
Note that the complex fluid content is consistent with 
recent hemorrhage

a b

Fig. 13.21  (a, b) Three-year-old boy, presenting with an 
acute abdomen. US (a) shows a Meckel diverticulum 
intussuscepted within an intestinal loop, causing obstruc-

tion. IV contrast-enhanced abdominal CT (b) confirms the 
Meckel diverticulum and the intussusception (arrow) and 
associated intestinal obstruction
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corticosteroid therapy in most patients. However, 
severe complications including intussusception, 
massive gastrointestinal bleeding, and intestinal 
perforation can occur.

HSP can be confused clinically with appendi-
citis, intussusception, and other disorders. 
Gastrointestinal symptoms include abdominal 
pain, melena, bloody diarrhea, hematemesis, 
duodenal ulcers, and massive hemorrhage. No 
specific diagnostic laboratory test is available to 
assess for HSP. Treatment remains primarily sup-
portive in most patients, and surgery may also be 
considered in specific circumstances including 
severe bowel ischemia.

Early detection of intestinal ischemia is cru-
cial. Delayed diagnosis can result in intestinal 
perforation and peritonitis, which are severe and 
potentially life-threatening complications.

If a fluoroscopic examination is performed, 
irregular caliber loops of jejunum and ileum with 
hypertonic, contracted loops alternating with 
dilated ones may be seen. The margins of the 
contracted, hypertonic loops are very irregular, 
with loss of mucosal architecture in some areas. 
The irregular mucosal outline is suggestive of 
ulceration. US findings include thickening of the 
bowel wall, which appears hyperechoic, or 

hypoechoic if there is substantial edema of the 
wall, dilatation of the lumen, and prominence of 
the valvulae. Often, free fluid is present 
(Fig. 13.22). This condition can be complicated 
by ileoileal intussusception, as noted [43, 44].

13.7	 �Mesenteric Adenitis

Mesenteric lymphadenitis is one of the most 
common diagnoses identified at US (or CT) per-
formed for abdominal pain in pediatric patients. 
Mesenteric lymphadenitis is due to an 
inflammatory process which occurs most fre-
quently in the right lower quadrant. However, it 
may also be secondary to appendicitis, intussus-
ception, and intestinal occlusion [45]. Mesenteric 
lymphadenitis often mimics appendicitis clini-
cally. Lymph node enlargement can be found in 
approximately 40% of patients with appendicitis, 
but the absence of a blind-ending tubular struc-
ture in the right lower quadrant suggests the diag-
nosis of mesenteric lymphadenitis, if no other 
reason is found [9, 28, 45]. US shows multiple, 
enlarged, rounded, and hypoechoic mesenteric 
clustered lymph nodes, which may be painful 
when graded compression is applied with the US 

a b

Fig. 13.22  (a, b) Ten-year-old boy, presenting with acute 
abdominal pain and palpable purpura on the body, due to 
Henoch-Schonlein purpura. US shows thickening of 

hypoechoic bowel wall (calipers). The lumen is distended 
by fluid (a), and free fluid is also present (b)
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probe (Fig.  13.23). Enlarged lymph nodes are 
often associated with thickening of the adjacent 
bowel wall.

�Conclusion

Abdominal pain is one of the most frequent 
reasons for a visit to the pediatric emergency 
department, whose main task is to identify or 
exclude an emergency condition, and particu-
larly a surgical emergency (acute appendicitis 
and intussusception, in particular).

After 2 years of age, the most common 
cause of acute abdominal pain usually requir-
ing surgery is acute appendicitis, whose evo-
lution is often rapid and progressive. Clinical 
observation and imaging of acute abdominal 
and pelvic pain especially with ultrasound are 
particularly recommended in the first 
3–4  years of life, when clinical findings are 
often nonspecific and these young patients 
cannot provide a reliable history.
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