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Fundamentals of Hernia Radiology was an endeavor that began before the 
world was brought to the brink of catastrophe due to the COVID-19 pan-
demic. The textbook was placed on the backburner as the medical community 
battled an unforeseen opponent. Quite often, complex, elective hernia repairs 
were also put on hold in order to deal with more pressing medical needs. One 
silver lining in the COVID-19 pandemic was the use of social medial and 
virtual lectures among the surgical community aimed at improving learning. 
One important aspect of online postings was the need for radiographic evalu-
ation of hernia pathology in order to develop a roadmap for operative plan-
ning. These online requests for radiographic evaluations of hernia pathology 
further solidified the need for a radiology-based hernia text written for 
surgeons.

Abdominal wall reconstruction is a constantly evolving field of surgery. 
The growing complexity of both hernia pathology and surgical repair war-
rants substantial preoperative preparation. Paramount to a successful surgical 
repair is understanding in great detail the anatomy of the hernia pathology. 
An awareness of anatomical landmarks and disruption of tissue plains in the 
setting of a hernia is the first step in a surgeon’s preparation of their surgical 
intervention. Radiology is a great tool that provides a glimpse of what a sur-
geon can expect to find in the operative suite. In many cases, a lack of radio-
graphic evaluation would ensure surgical surprises the day of surgery. In 
some situations, radiographic evaluation of previous hernia repairs provides a 
more detail glimpse into the patient’s previous surgical interventions that the 
operative report fails to provide.

This textbook was developed with a clear aim: provide a more standard-
ized language and approach to the radiographic evaluation of hernia pathol-
ogy. Each chapter aims to provide a thorough understanding of how radiology 
can assist the surgeon in their operative preparation or evaluation of the post-
operative patient for surgical complications. Each chapter is written with one 
goal in mind: leverage radiographic evaluations and understanding to improve 
surgical outcomes. We also hope our textbook provides a solid foundation 
and professional language upon which surgeon can better communicate with 
radiologists. Our goal is to improve collaboration with radiologists which 
will ensure improved surgical outcomes of all our hernia patients.

Lastly, the editors would like to thank all the authors who made this text-
book possible. Their surgical knowledge, patience, and dedicated contribu-
tions during a time of great upheaval and fear in our medical community is 
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inspiring. Let this textbook stand as a marker for perseverance and proof that 
our close-knit surgical community can overcome adversity, such as the 
COVID-19 pandemic, and create a resource we hope will serve the surgical 
community for many years to come.

Tampa, USA Salvatore Docimo Jr.  
St. Louis, USA  Jeffrey A. Blatnik  
Hershey, USA  Eric M. Pauli   
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1Computed Tomography (CT) Scan 
Basics

Nabeel E. Sarwani and Jacob A. Gardner

 Why CT Imaging?

Hernia evaluation requires an accurate assess-
ment of anatomical spaces and hernia contents. 
This includes being able to assess the abdominal 
wall musculature and its associated fascia, con-
genital, physiologic and posttraumatic diaphrag-
matic openings, and mesenteric defects [1, 2]. 
Computer tomography is preferred as the first- 
line imaging modality and forms the mainstay of 
most hernia evaluations [3]. It is widely avail-
able, relatively cheap, and is able to accommo-
date a wide spectrum of body habitus. CT has 
excellent anatomical delineation for the purposes 
of evaluating the myriad of hernias that can occur 
in the abdomen and pelvis. It also allows accurate 
measurements to be incorporated into the imag-
ing of hernias. In addition, it permits visualiza-
tion of the whole abdomen which is especially 
important when considering mesenteric struc-
tures or a large hernia, both to determine the 
approach to repair and assess the ability to return 
hernia contents to the abdominal cavity (i.e., 
“loss of domain [3],” to be addressed elsewhere 
in this book).

Spatial resolution is the ability to discriminate 
between two adjacent structures [4]. CT has an 
excellent spatial resolution which often makes it 
a first-line modality in the evaluation of hernias. 
CT also offers superior temporal resolution 
which, simply put, means that a scan can be com-
pleted much more quickly with CT than with 
MRI. The latest generation CT scanners have the 
ability to acquire images in seconds, while MRI 
typically takes up to 30–60 min to acquire. Rapid 
acquisition mitigates the issue of image degrada-
tion due to motion, which is addressed later in 
this chapter [4, 5].

Ultrasound allows for real-time evaluation of 
hernias. It is useful in the assessment of superfi-
cial hernia such as inguinal or paraumbilical her-
nias. Ultrasound facilitates visualization of the 
contents of a hernia, both at rest as well as in 
response to certain maneuvers such as Valsalva or 
standing. Pressure can be applied to the hernia 
with the transducer in real time to determine if 
the contents are reducible. Limitations of the 
modality include operator variability, only being 
able to assess a small part of anatomy at a time, 
and suboptimal assessment in larger patients. 
Ultrasound cannot accurately assess large or 
complex hernias, which are far better assessed on 
CT [2, 3].

CT allows the accurate evaluation of both 
superficial and deep soft tissues, defines the fascial 
planes and defects therein, and evaluates the con-
tents of a hernia with a single rapid exam [1, 3].
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 How Do We Get CT Images?

The CT scanner physically can be thought of as a 
freestanding vertical “donut.” The analogy is a bit 
obvious but it is accurate. The body of the donut 
or gantry houses a spinning X-ray source in addi-
tion to the X-ray detector. The aperture through 
which the patient passes or “bore” is the donut 
hole. As the patient is scanned, they are passed 
through the aperture on a moving table.

CT imaging is an X-ray-based imaging tech-
nique therefore it uses ionizing radiation [4, 6]. 
The principle of X-ray imaging is the differential 
absorption of X-rays beams in the tissues. From a 
point source, X-rays spread out in the direction of 
the patient. As the beam passes through the body, 
some X-rays penetrate unobstruced, while others 
interact and get absorbed in the tissues, and hence 
the “differential absorption.” Once the X-rays 
exit the body, they interact with a detector which 
assists with image creation and construction.

Historically, this technique was called CAT 
scanning—Computed Axial Tomography, but 
over time, the “axial” component has become 
redundant and removed from the abbreviation, as 
most, if not all, modern imaging is done using a 
spiral or helical technique. This refers to the con-
tinually spinning X-ray tube around the patient 
lying on a continually moving table—creating a 
spiral pattern. This creates a “volume” of data in 
3D and is the basis for all the images a clinician 
sees.

In the case of CT scanners, the X-ray source 
spins around the patient as the patient lies down 
on the CT table, with a centrifugal force that can 
reach up to 14Gs. The opposing X-ray detectors 
can either also spin around the patient, or are 
fixed surrounding the hole in the CT scanner, 
depending on the generation and manufacturer of 
the machine. As the X-ray tube is spinning, the 
CT table moves into the opening of the scanner, 
all the while, data points are being recorded. 
Then, by applying a mathematical algorithm to 
the recorded data points and using complex 
geometry, multiple images of the patient are cre-
ated, this last step is referred to as “image 
reconstruction.”

 Slice Thickness and Multiplanar 
Reconstruction (MPR)

The volumetric acquisition of data during CT 
scanning allows for the data to be used and manip-
ulated in several ways to get the information 
needed to make a clinical diagnosis, to better 
visualize anatomy for presurgical planning, or 
assess postsurgical complications and outcomes 
[7]. To present the images for interpretation, the 
data is broken down into “slices.” Slice thickness 
is determined taking into consideration the num-
ber of images created, the diagnostic yield, stor-
age requirements, and the need for further 
advanced image processing such as 3D volume 
renderings. Most radiology services use a slice 
thickness between 3 and 5  mm, contiguously—
meaning there is no gap between one slice and the 
next. Thinner does not mean better and often leads 
to poorer image quality. With decreased slice 
thickness, the amount of useful information (sig-
nal) vs the amount of useless information (noise) 
decreases, as the volume of tissue used to create 
thin images is less [4, 5]. Images in the 3–5 mm 
range for CT scans are the happy balance between 
the useful and useless sides of the equation. 
Thinner slices are helpful when there is a need for 
advanced image processing, such as creating 
images in different planes. These thinner slices 
are often not archived to long-term storage due to 
the large file size and associated cost of storing it.

CT images are typically presented in an axial 
format, but can also be presented in other orthog-
onal or non-orthogonal planes, depending on the 
need. The presentation of images in several 
planes is the definition of a multiplanar recon-
struction or “MPR” [7]. In clinical practice, CT 
images are often presented in both the coronal 
and sagittal planes in addition to the axial plane 
and form part of the image interpretation. In her-
nia imaging, being able to see and evaluate her-
nias in multiple planes is an especially useful 
tool.

An advantage of digital imaging is the ability 
to create pictures that can be used by surgeons to 
plan a procedure or to explain the procedure to 
the patient. These pictures are created with 
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Fig. 1.1 Using an independent advanced imaging workstation, 3D images can be created from CT data. Axial (a) and 
coronal (b) thick slab 3D reconstructions show the vascular structures with greater definition

Table 1.1 Window width and window levels commonly 
used when reviewing CT images

Tissue of Interest Window Width Window Level
Soft tissues 400 40
Lung/Air 1800 −350
Bone 2000 300

advanced image processing techniques, some of 
which function as independent programs, while 
others are built into the imaging viewing applica-
tion called the Picture Archive and 
Communication System, or PACS. As an exam-
ple, Volume Rendered (VR) images use virtual 
light sources to create 3D models [7]. These 3D 
models can be combined with another technique 
creating a thicker “slab” of tissue as opposed to 
the usual thin image slices, which are especially 
helpful in vascular assessment (Fig. 1.1).

 Window Width and Window Level

The computer is able to “see” far more shades of 
gray than the human eye can. This is because 
once you calculate the possible shades of gray for 
each bit of information the computer can store, it 
ends up being over 4000 shades of gray per pixel. 
The human eye can differentiate far less. As such, 
physicians need to focus on what exactly they are 
interested in seeing when looking at CT images 
and adjust the range of grays as appropriate [8]. 
For example, when evaluating the CT scan for 
soft tissue components, things like muscles, fat, 
solid, and hollow visceral, a certain spectrum of 
grays are selected; however, these settings show 

nothing of the lung bases or can obscure free air. 
If air is to be assessed, then a different set of 
grays need to be chosen.

The visualized shades are gray when viewing 
images are determined by what is referred to the 
Window settings, composed of 2 variables: 
Window Width and Window Level. Window 
Width determines the number of shades of gray, 
and window level determines where the window 
is to be centered [4]. Think of it this way—when 
looking at a tall skyscraper, you can choose how 
many floors you want to see at a time (10 floors, 
20 floors, etc.), this is the window width. Then 
one needs to specify where this range is to be 
centered (on the 15th floor, 35th floor, etc.), this 
is the window level. Typical values for the win-
dow width and window level for different struc-
ture evaluation are shown in Table 1.1.

The three main structures of interest in the 
pre- and postsurgical evaluation for hernia sur-
gery are soft tissues, lungs/air, and bones. 
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Fig. 1.2 Figure (a) shows an axial slice of the abdomen 
in a “soft tissue” window. In this setting, the heart, 
descending thoracic aorta, subcutaneous fat, and chest 
wall musculature are well seen. Changing the window 
width and levels of the same picture to the “lung” window 
(b) now allows assessment of the lungs which were previ-
ously black on the soft tissue window. Figure (c) is an 

axial soft tissue window slice through the upper abdomen 
that shows a clear assessment of the liver, pancreatic tail, 
and abdominal musculature on this non-contrast scan, 
which is due to inherent contrast. Again, by changing to 
the “bone” window at the same slice (d) shows the osse-
ous structures to better advantage

Oftentimes, these values are established as “pre-
sets” on image viewers, meaning values are reg-
istered to more meaningful names such as “soft 
tissue,” “bone,” and “lung” facilitating standard 
viewing of images and rapid switching between 
the values depending on the tissue of interest 
(Fig. 1.2).

 Contrast

The ability to differentiate one shade of gray 
from another is termed “contrast.” Different 
structures in the body have different shades of 
gray, or in CT speak—“density.” Bones are white 
or dense, soft tissues such as muscles, solid 
 viscera, blood, and blood vessels are a medium 
shade of gray, fat a little darker, with air being the 

lowest of all densities, black. Shades of gray are 
measured in Hounsfield Units (HU), with typical 
values shown in Table 1.2. These different densi-
ties provide “inherent contrast” in CT images, 
which is how one structure is identifiable from 
the other [4]. It is this contrast that allows visual-
ization of the abdominal and pelvic structures on 
a non-contrast CT.

For the assessment of the presence or absence 
of a hernia, non-contrast studies are oftentimes 
adequate [1, 9]. Defects in the abdominal wall, 
inguinal and femoral canals, or contents extend-
ing through the esophageal hiatus can be ade-
quately assessed without the use of intravenous 
or oral contrast on CT.

At certain times, there may be a need to assess 
the solid and hollow viscera with intravenous 
contrast. This is especially helpful when evaluat-
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Table 1.2 Typical HU of CT structures

Structure Hounsfield Units (HU)
Air −1000
Fat −150 to −50
Soft tissue +40 to +80
Bone +1000 to +2000

Table 1.3 Indications for use of IV contrast

Indication/
Concern

Non- 
Contrast 
CT

Arterial 
Phase CT

Venous 
Phase CT

Presurgical 
evaluation of 
hernia

X

Active Bleeding X X
Abscess X
Bowel ischemia X

ing for ischemia or to opacify mesenteric vascu-
lar structures during assessment for internal 
hernias. Iodinated-based contrast agents are 
injected intravenously prior to the CT scan. The 
interaction of the X-ray beam with the iodine 
molecules results in an increased density of the 
vascular structures and viscera on the images. 
The pause following the administration of 
 contrast and starting of the scan is termed the 
“delay” and determines the phase of the enhance-
ment. If a vascular map is needed, or there is a 
concern for arterial-related issues then the scan is 
started approximately 15–20  s after the start of 
the injection and is termed the “arterial phase.” 
Whereas if there is a need to assess the solid vis-
cera or venous structures, a delay of 70–90 s is 
used to allow the contrast agent to percolate 
through the vascular and extravascular spaces 
and is termed the “portovenous” or “venous 
phase” and is commonly referred to as a “routine 
post-contrast CT.” Further phases can be obtained 
if they would add value to the clinical reason for 
the study, such as assessing for blood pooling in 
suspected active extravasation.

The dose of contrast administered varies 
between 75 and 150 cc, dependent largely upon 
the local practice of the imaging center, and is 
also affected by the CT technology available. 
Newer machines with dual energy capabilities 
can obtain diagnostic quality images with as lit-
tle as 20 cc of contrast. Intravenous contrast is 
not routinely indicated for the presurgical evalu-
ation of common hernia types but is extremely 
useful in the postoperative patient looking for 
complications of surgery, such as bleeding, or 
abscess formation [1, 3]. Venous phase imaging 
is particularly useful for assessing bowel viabil-
ity, either prior to or following surgical repair. It 
is not of value in suspected cases of bowel 
obstruction but is mandatory to assess for bowel 
ischemia.

Follow-up assessment of the adequacy or 
integrity of a hernia repair, if needed, can be done 
without the use of intravenous contrast. 
Contraindications to the use of iodinated contrast 
do vary between imaging centers, but generally, 
contrast should be used with caution in patients 
who have had a prior reaction, or those with renal 
failure (eGFR < 30 mL/min/1.73 m2) [10–12]. In 
patients who have had a prior anaphylactoid reac-
tion, contrast should not be used [12] (Table 1.3).

Luminal contrast refers to contrast that is 
either given orally, rectally, or via an ostomy 
[12]. Oral contrast, as its name implies, refers to 
the administration of either a barium-based or 
iodine-based contrast agent via the mouth. It is 
used to opacify the stomach and small bowel to 
make them appear bright or dense on the CT 
image. This is useful to assess for the presence of 
bowel when the hernia sac contents are in doubt 
presurgically. In the postoperative patient oral 
contrast can differentiate between partial or com-
plete bowel obstruction or can be used to assess 
for a bowel leak when there is suspicion for 
bowel perforation [13]. Rectal or per ostomy 
contrast is useful to assess the large bowel anat-
omy, leaks, or to delineate the contents of a para-
stomal hernia.

It is important to bear in mind that simultane-
ous administration of luminal contrast from mul-
tiple routes can present challenges to image 
interpretations. For example, it may be difficult 
or impossible to determine the origin of extrava-
sation if a patient with a bowel leak receives both 
oral and rectal contrast. Similarly, it would be 
difficult to evaluate for the presence of a fistula 
between bowel loops. As physicians who order 
these exams, having a clear understanding of the 
clinical question that imaging needs to answer 
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can help limit the number of phases and routes of 
contrast administration. Imaging should aim to 
answer the clinical questions using the least 
amount of radiation possible.

 CT Dose and Exposure Mitigation

As providers interact with patients, it is prudent 
for physicians to have a working knowledge and 
understanding of radiation dose exposure from 
CT scanning. The first and most important con-
sideration one must always address is the risk- 
benefit ratio of performing the study, just as with 
any other test or procedure that a patient may 
undergo. The basic determination that all physi-
cians who order a CT scan to evaluate for the pos-
sibility of a hernia or to plan its surgical 
correction, or to assess for a complication, is that 
the benefit of information obtained from the scan 
outweighs the risks of exposure to radiation [14]. 
After medical necessity is established, steps 
should be taken to minimize radiation exposure 
to patients. This is the central tenet of the ALARA 
principle which is an acronym for the phrase As 
Low As Reasonably Achievable [4].

Ionizing radiation transfers energy to elec-
trons in the body and has sufficient energy to 
break chemical bonds. This generates free radi-
cals which can damage DNA leading to gene 
mutations. When mutations accumulate, cell 
death or carcinogenesis may occur. The amount 
of damage that can occur depends on what is 
termed absorbed dose, which is the total amount 
of energy deposited into the tissues. If the 
absorbed dose is large, which is unlikely to occur 
in a diagnostic setting, reactions such as ery-
thema, temporary hair loss, or skin burns may 
occur. These are called “deterministic effects,” 
and only occur after a specific threshold dose is 
reached. Carcinogenesis is not a deterministic 
effect but is termed a “stochastic effect” meaning 
that it can occur independent of radiation dose. 
Stochastic effects can occur following a cell’s 
exposure to any amount of radiation, possibly 
resulting in deleterious gene mutation of its 
DNA.  Over time, if enough mutations occur in 
the same cell, this may cause the cell to become 
cancerous. Historical studies have shown that 

increased cancer rates for solid tumors were 
directly correlated with radiation dose. Simply 
put, with increased exposure there is an increased 
risk of acquiring a mutation that could lead to 
cancer. This is a cumulative phenomenon, with 
increasing exposure to radiation leading to an 
increased chance of developing a radiation- 
induced cancer.

Patient age at exposure is also important as it 
is the single most important factor in determining 
lifetime attributable risk of cancer induction and 
mortality from radiation exposure [6]. In part, 
this is due to the increased radiosensitivity of 
cells in the younger population. It is also due to 
increased sensitivity of rapidly proliferating cells 
in the young compared to slowly proliferating or 
nonproliferating cells in older patients. This 
results in a child, for example, being orders of 
magnitude more sensitive to the effects of radia-
tion than a 65-year-old adult. Another factor to 
consider is latency. Radiation-induced cancers 
may not manifest or become clinically relevant 
for years after the inciting event, with this delay 
termed latency. A radiation-induced cancer may 
not present for decades with elderly patients suc-
cumbing to old age or other comorbidities before 
manifesting a clinically significant radiation- 
induced cancer. Younger patients on the other 
hand, as they are expected to live longer after 
being exposed, could survive long enough to 
incur morbidity or mortality from radiation- 
induced cancer.

Hence, patients should be exposed to radiation 
only when the benefits outweigh the risks, and in 
most clinical scenarios, the benefits do outweigh 
the risks. The likelihood of developing a medical 
radiation-induced cancer is far less than that of 
spontaneous cancer.

Radiation dose is dependent on several fac-
tors, such as the kV of the X-ray beam (how fast 
the X-rays are passing through the body), the 
mAs (how many of those X-rays are being used 
to gather information), the table speed moving 
per unit time (referred to as table pitch), and the 
size of the patient [6]. Some of these variables are 
fixed for the entire exam type, while others are 
adjusted on the fly automatically by the scanner. 
An example is increasing the mAs and hence 
dose in thicker parts of the body, such as scan-
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ning through the hips, and lowering the mAs and 
hence radiation dose when scanning through 
thinner parts of the body, as in the lung bases. 
Such automation in newer machines has resulted 
in significant radiation dose reduction compared 
to older technology. Exams should only be 
ordered in the area of interest, as this too can help 
reduce radiation exposure. Additionally, there are 
newer reconstruction algorithms using advanced 
math, and now artificial intelligence, to squeeze 
out every ounce of useful information obtained 
during a scan. This allows diagnostic images to 
be acquired with even less radiation dose. These 
are referred to as iterative reconstruction tech-
niques and are common on modern scanners.

Measurement of radiation exposure in every 
CT study is recorded in the “dose sheet” and 
usually is part of the permanent image archive 
(Fig. 1.3). There are 2 dose measurements typi-
cally given: Computed Tomography Dose Index 
(CTDI) vol and Dose-Length Product (DLP) [6, 
15]. As expected, the lower the value of CTDI 
and DLP, the better. CTDI vol is a measure of the 
total radiation exposure to the patient as part of 
the scan; however, this is an incomplete picture 

of dose. To add relevance to this number, it is 
important to consider the area over which this 
dose was distributed. This is represented in the 
DLP value [16]. Governing and societal bodies 
on both sides of the Atlantic have provided refer-
ence dose values for typical imaging studies, and 
imaging centers try to maintain their dose values 
within these ranges [6, 17]. Many North 
American centers automatically submit their CT 
dose sheets to national registries as part of a joint 
quality assurance program. Occasionally, dose 
may be higher for certain patients especially 
with large habitus [18, 19], as the fundamental 
consideration of any study is to obtain useful 
diagnostic information to answer the clinical 
questions using the lowest radiation dose possi-
ble, discussed in detail later.

 Challenges of Imaging Large 
Patients

Larger patients require special consideration 
when being imaged with CT.  The CT scanner 
must be able to accommodate their weight, girth, 

Fig. 1.3 Dose sheet from a CT scan. (1) Total DLP repre-
sents the total radiation exposure for the study distributed 
over the area scanned, (2) the number of scans performed, 

(3) CTDI vol is the radiation exposure calculated using a 
standard size phantom (5), and (4) is a breakdown of the 
DLP by each scan performed
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and obtain images without exceeding the X-ray 
tube capacity [18–20].

Like any machine with moving parts, the CT 
table has a finite weight limit, determined by the 
manufacturer. Modern scanners have increased 
the table weight capacity to scan patients over 
300  kg or 670  lbs. There may still be patients 
who cannot be scanned, as they exceed the table 
weight limit.

Patients need to be able to move freely through 
the aperture as they are being scanned. If a patient 
with a large body habitus is physically in contact 
with the walls of the gantry, artifacts may obscure 
the region of interest and degrade image quality. 
The diameter of the bore on modern CT scanners 
ranges between 70 and 80 cm, depending upon 
the manufacturer and specification of the 
machine. It is not uncommon to encounter 
patients who are unable to be accommodated in 
the bore [3].

Dose, as mentioned earlier, is dependent on 
kV (how fast the X-rays are moving through the 
patient) and mAs (how many X-rays are moving 
through the patient). Larger patients receive a 
greater dose at comparable machine settings. As 
the X-ray beam passes through larger patients, 
more radiation is absorbed resulting in an 
increased dose. Consequently, fewer X-rays 
make it through to the detector, termed photon 
starvation, leading to images with excessive noise 
and graininess. To preserve image quality, the CT 
scanner may automatically increase the number 
and energy of the X-rays to compensate, result-
ing in further increases in dose. Just as there are 
patients who cannot be scanned because of the 
physical limitations of the scanner, there are 
patients who cannot be effectively scanned 
because their biomass exceeds the X-ray tube’s 
capacity.

 Imaging Artifacts on CT

Artifacts are errors in medical imaging that occur 
as a result of complex physical interactions or 
flaws in data acquisition and image reconstruc-
tion. They are ubiquitous in diagnostic imaging, 
though there is variance based on modality. While 

in many cases, artifacts can be beneficial, in CT, 
artifacts generally result in image degradation. A 
cursory awareness of common CT artifacts is 
important to understand the limitations of the 
modality, with the exact physical basis beyond 
the scope of this book or of practical use [4, 5].

One of the most commonly encountered arti-
facts occurs when patients move during the 
acquisition of the CT images, referred to as 
“motion artifact.” This results in blurred images 
with suboptimal evaluation of muscle planes and 
the solid viscera (Fig. 1.4).

Partial volume averaging occurs when a 
structure is partially included on two adjacent 
slices [8]. The thinner the slice of the CT image, 
the less the chance for this artifact developing 
and vice versa. This artifact can lead to an 
incorrect assessment of the margins or density 
of an organ, muscle, or fascial boundary 
(Fig. 1.5). Experienced image interpreters can 
often accurately identify this artifact and avoid 
misinterpretations.

Beam hardening artifacts occurs as a result of 
metal hardware within the body, either iatrogenic 
or traumatic. Common medical causes include 
the presence of hip arthroplasties, spinal fusion 
hardware, or scoliosis correction rods, with trau-
matic causes being bullet fragments or shot pel-
lets. Due to the presence of the metal, the X-rays 
are unable to penetrate all the way through the 
body and hence failed to get detected. This results 
in alternating black and white bands across the 
image, appropriately referred to as streak arti-
facts (Fig. 1.6).

Out of field artifact occurs in larger patients 
whose body habitus extends outside the field of 
view of the scanner. This is a particular problem 
if the body is in contact with the sidewall of the 
bore, as seen in obese patients or those with large 
lateral abdominal hernias. It can also commonly 
be seen in patients whose arms cannot be raised 
out of the scan field. The scanner, unable to com-
pensate for anatomy outside of the field of view, 
reconstructs images with bright and dark areas 
obscuring the outer margins (Fig.  1.7). Proper 
positioning of the patient on the table and in the 
bore is therefore essential to obtain diagnostic 
images.
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Fig. 1.4 Motion artifact obscures details within an 
image. The margins of the right kidney are blurred (a, 
arrow) compared to a picture where the anatomy is still 

during the scan (b). Similarly, the blurred margins at the 
anterior left liver lobe (c, arrow) becomes sharper with no 
motion artifact (d)

a b

Fig. 1.5 A structure partially included in one slice can 
give the false impression of a finding. The density in the 
right lower lung (a, arrow) may be misinterpreted as a 

nodule. A formal evaluation of the chest (b) shows a nor-
mal right lower lobe. This is an example of “partial vol-
ume averaging”
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Fig. 1.6 The presence of bilateral 
hip arthroplasties creates black and 
white streaks across the image, 
referred to as “beam hardening 
artifact.” In this particular case, the 
contents of the inner pelvis cannot be 
resolved

a b

Fig. 1.7 As the body touches the opening of the CT scan-
ner, there are artifactual black bands (a, white arrow) and 
white areas (b, arrowheads) at the periphery of the image 
due to the anatomy being “out of field.” Also, the graini-

ness of image (b) represents “noise” and is due to the pau-
city of X-rays being detected, as they are absorbed in the 
body

Large body habitus, faulty X-ray sources, and 
inappropriately low acquisition settings (kV and 
mAs values) can lead to a paucity of photons pen-
etrating and hitting the detector, leading to 
 mottled images, referred to technically as “noise.” 
Noise degrades imaging quality, which can create 
difficulty in image interpretation. Oftentimes, 
large body habitus is the cause of this artifact, 
and hence it is difficult to correct or overcome. 
Only rarely are inappropriate settings the cause 
of noise due to modern scanners being 
automated.
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2Magnetic Resonance Imaging 
(MRI) Basics

Kelly Tunder and Kimberly R. Coughlin

 Introduction

Hernia repair remains one of the most common 
surgical procedures performed today. Therefore, 
there are several imaging modalities used to diag-
nose hernias. Imaging, particularly ultrasound 
(US) and computed tomography (CT) have been 
the imaging study of choice to evaluate for her-
nias. The long-known benefits of magnetic reso-
nance imaging (MRI) are no radiation and the 
high specificity for soft tissue and musculoskele-
tal complaints. However, MRI has been shown to 
have benefit in both detection of occult hernias as 
well as for workup of patients with groin pain. A 
study by Miller et al of 322 patients with occult 
hernias demonstrated the greatest sensitivity, 
specificity, and negative predictive value for 
diagnosing the hernia in patients undergoing a 
MRI as compared to patients who underwent an 
ultrasound or CT scan. MRI had a sensitivity of 
91% as compared to US (33%) and CT (54%). 
Ten of the 11 patients that had an occult hernia 
detected on MRI, that were not otherwise seen on 
CT scan or US, had confirmation of the hernia at 
the time of surgery. One patient with a false posi-
tive MRI had a surgically correctable fascial tear 
of the external oblique, but no true hernia. MRI 

also plays a valuable role in patients with signifi-
cant groin pain but an otherwise negative workup 
as it can elucidate other causes of groin pain, 
such as osteitis pubis, rectus abdominis strain, 
and rectus abdominis/adductor aponeurosis 
injury. The value of MRI for athletic pubalgia has 
been validated due to the recognition of injury 
patterns in the anatomic structures surrounding 
the pubic symphysis not otherwise seen on CT or 
US. As the pathophysiology and anatomy of the 
pelvic region come to be better understood, so 
too does the MRI and surgeon’s ability to detect 
pathology in the groin.

 Basic MRI Principles

The underlying principles of MRI are complex; 
however, it is important that surgeons have a gen-
eral understanding of these basics in order to 
view and interpret patient’s imaging. Along with 
their clinical presentation, MRI review is impera-
tive for diagnosing and creating a treatment plan 
for patients. MRI relies on the abundance of 
hydrogen-rich tissues such as water, fat, and pro-
teins in the human body. When a strong magnetic 
field acts upon hydrogen protons, a majority of 
protons align. To obtain an image, a radiofre-
quency (RF) pulse is applied perpendicular to the 
region of interest. Following the absorption of the 
RF pulse, the protons eventually return to their 
normal low-energy state. In this process, RF sig-
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Fig. 2.1 T2-weighted abdominal magnetic resonance 
imaging

nals are emitted and detected electronically in 
order to construct the image. The emitted signal 
provides the information to form the magnetic 
resonance image. The signal has two compo-
nents, T1 and T2. T1-weighted images are broken 
into T1W1 (pre-contrast), in-phase, out-of-phase, 
and post-contrast. T1W1 demonstrates a low sig-
nal for water molecules, i.e, dark. Hyperintense 
material includes fat, melanin, proteinaceous 
fluid, and gadolinium contrast. T1W1 images are 
excellent for the delineation of abdominal 
 anatomy (Fig. 2.1). In-phase can help delineate 
the boundaries between fat and water which is 
helpful in identifying fat, for example, within the 
liver versus a liver lesion. Out-of-phase images 
are helpful to identify fat within a lesion, for 

example, delineate a hepatocellular adenoma ver-
sus adenocarcinomas. On T2-weighted images, 
fluid, edema, fat, and some hemorrhagic products 
are bright by nulling the fat signal.

 Normal Pelvic Anatomy on MRI

The pelvis is an anatomically and functionally 
complex region that has a significant impact on a 
patient’s everyday life. Understanding the anat-
omy of imaging, particularly MRI, aids in the 
diagnosis and treatment of patients with groin 
pain and occult hernias.

The most important attachments to the pubic 
symphysis are the rectus abdominis and the adduc-
tor longus. The rectus abdominis inserts caudally 
at the anterior and anterior-inferior regions of the 
pubic symphysis (Fig.  2.2). The lateral rectus 
abdominis attachment is in close proximity to the 
external inguinal ring, which may explain the 
association with inguinal hernia symptoms. The 
interconnected tendinous attachments play a vital 
role in pubic symphysis stability. With rotation and 
extension, the rectus abdominis and adductor lon-
gus work against each other. Injury to one tendon 
results in a tendency toward injury of the opposing 
tendon, and therefore causing the pubic symphysis 
to become unstable. This instability leads to oste-
itis pubis and chronic groin pain in many athletes. 
This combination of rectus abdominis and adduc-
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tor fibers along with the pubic symphysis capsule, 
arcuate ligament, and anterior pubic periosteum 
form a large midline aponeurotic plate (Fig. 2.3). 
This aponeurotic plate is subject to the same range 
of pathology as other fibrous joints leading to 
inflammation and instability of the anterior pelvis. 
Understanding normal anatomy on MRI is 
extremely important in order to identify abnormal 
anatomy.

 MRI Protocol for Groin Pain

MRI plays a valuable role in patients with sig-
nificant groin pain but an otherwise negative 
workup as it can elucidate other causes of groin 
pain such as osteitis pubis, rectus abdominis 
strain, and rectus abdominis/adductor aponeu-
rosis injury. Groin pain is a frequent manifesta-
tion of athletic injury that is seen in athletes that 
twist at the waist, perform sudden acute direc-
tional change and sideways movements such as 
soccer, ice hockey, and football. Clinical differ-
entiation of athletic groin pain is challenging 
due to the multitude of potential etiologies. 
Typically, patients will present with insidious 

Fig. 2.2 Normal anatomy

Fig. 2.3 Axial oblique T1-weighted image shows 
normal muscles around the pubic symphysis (PS). AB/
AM Adductor brevis/adductor magnus, AL Adductor 
longus, O Obturator

2 Magnetic Resonance Imaging (MRI) Basics
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onset of pain in the region of the inguinal region, 
but in other cases, the pain will occur immedi-
ately after a twisting/hyperextension injury. At 
physical exam, pain to palpation is present at the 
external inguinal ring without a palpable hernia. 
Groin injuries will often respond to conservative 
therapy; however, a significant portion will not 
resolve completely or recur with resuming ath-
letic activities. The large number of terms used 
to describe athletic groin pain: sports hernia, 
sportsman hernia, athletic pubalgia, Gilmore 
groin, osteitis pubis, adductor syndromes, and 
hockey goalie syndrome reflect the complicated 
pathophysiology and anatomy of the region. 
This confusion demonstrates the need for high-
quality, reproducible imaging of this area in 
order to guide effective therapy.

MRI is the current standard for the evalua-
tion of musculoskeletal pelvic pain. A dedi-
cated athletic pubalgia protocol is recommended 
to delineate the etiology of the groin pain. A 
MRI of the pelvis with musculoskeletal proto-
col is ordered, non-contrasted with Valsalva. 
The patient is positioned supine with an empty 
bladder. A non-fat- suppressed T1-weighted 
spin echo is done to evaluate for an infiltrative 
bone marrow process such as metastases, 
myeloma, or infection. Axial T2-weighted fast 
spin echo (FSE) fat-suppressed image is per-
formed to assess the symmetry of muscles, ten-
dons, bursae, and osseous structures. Axial 
oblique images are then performed paralleling 
the arcuate line of the pelvis. These images 

highlight the caudal rectus abdominis attach-
ments and open up the adductor tendon origins. 
A T2-weighted fat sagittal image is obtained 
centered at the pubic symphysis. This sequence 
evaluates the rectus abdominis/adductor apo-
neurosis with its periosteal attachments on the 
anterior and anterior-inferior pubic ramus 
(Fig. 2.4). The advantage of a specific protocol 
is that it provides specific evaluation for com-
mon musculoskeletal causes of groin pain. 
Furthermore, it allows evaluation for inguinal 
hernias and non- musculoskeletal groin pain and 
if not conclusive can guide further evaluation of 
these conditions.

Fig. 2.4 The opposing vectors of force between the apo-
neurotic insertion of the caudal rectus abdominis (RA) 
and the adductor longus (AL) muscles on the anterior 
pubic symphysis

K. Tunder and K. R. Coughlin
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 MRI Pathology

Reproducible patterns of pathology have been 
described using the athletic pubalgia protocol to 
evaluate musculoskeletal groin pain. A review 
should be done by a musculoskeletal specialty- 
trained radiologist as well as the ordering sur-
geon in a systematic fashion in order to classify 
injuries based on MRI findings.

 Osteitis Pubis

Osteitis pubis is a degenerative process of the 
pubic symphysis and occurs secondary to repeti-
tive stresses. Subchondral bone marrow edema in 
a pattern reminiscent of osteoarthritis is the hall-
mark MRI finding of osteitis pubis (Fig. 2.5). The 
edema may be bilateral, though it can be, and often 
is, asymmetric with the side of pain demonstrating 
more extensive or intense edema. The bone mar-
row edema should span the subchondral region of 
the symphysis from anterior to posterior.

 Rectus Abdominis Strain

Evaluation of signal and morphology of the cau-
dal rectus abdominis is used to differentiate 
between acute and chronic injury. A tear in the 
tenoperiosteal caudal rectus abdominis attach-
ment is commonly a source of pain and instabil-
ity at the pubic symphysis. Commonly the rectus 
abdominis pathology will extend into the adduc-
tor longus origin or the contralateral rectus 
abdominis attachment.

 Adductor Tendon Syndromes

Tendinopathies at the proximal adductor show 
enlargement and signal abnormalities as hallmark 
findings. Adductor tendon syndromes range from 
strains, acute avulsions at the tendon origins, or 
more chronic findings. MRI has demonstrated 
accuracy in identifying the numerous adductor 
injury variants (Figs.  2.6 and 2.7). Rarely, an 
adductor tendon will avulse and retract without 

b

a

Fig. 2.5 MRI of osteitis pubis. Axial image of a 21-year- 
old soccer player shows (a) left osteitis pubis with the 
widening of the pubic symphysis and (b) shows subchon-
dral edema of the left pubic bone

Fig. 2.6 MRI imaging of severe bilateral adductor longus 
tendinosis
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Fig. 2.7 MRI Imaging of left osteitis pubis with adductor 
tendinosis

b

a

Fig. 2.8 MRI of (a) rectus abdominis injury (arrow) and 
(b) adductor aponeurosis injury (arrow)

osseous fragment, which is almost always seen 
with ipsilateral rectus abdominis injury.

 Rectus Abdominis/Adductor 
Aponeurosis Injury

The combination of a distal rectus abdominis 
detachment or tearing from the pubic ramus with 
a partial or complete adductor longus origin tear 
can be described as an ipsilateral rectus abdomi-
nis/adductor detachment. This pattern of injury is 
the most frequently encountered lesion for ath-
letic pubalgia on MRI (Fig. 2.8). The lesion can 
be ipsilateral or bilateral and there is a high asso-
ciation with osteitis pubis. Athletes with this 
injury are more likely to benefit from an adductor 
tenotomy than those with isolated rectus or 
adductor injuries. Atrophy of the rectus muscle is 
commonly seen with this injury and may repre-
sent chronic tendinous lesion, previous rectus 
abdominis strain, or denervation injury.

 Rectus Abdominis/Adductor 
Aponeurotic Plate Disruption

This injury pattern involves a bilateral caudal 
rectus attachment-detachment which spans 

midline. Osteitis pubis is commonly seen with 
these lesions. Athletes with this lesion rarely 
return to optimal performance without surgical 
intervention.

 Inguinal Hernias

The inguinal canals are best evaluated on the cor-
onal oblique images where they will be viewed in 
the long axis. The hernia is seen as an abnormal 
widening, beyond the diameter of the spermatic 
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Fig. 2.9 MRI T2 axial imaging of a left inguinal hernia

cord or round ligament, of the anteroposterior 
diameter of the inguinal canal and/or simultane-
ous protrusion of abnormal contents (fat and/or 
bowel) within the inguinal canal. MRI can be 
performed dynamically and can aid in the detec-
tion of occult hernias. Fluid within the hernia will 
show hyperintense on T2 and hypointense on T1 
and can detect the hernia sac in hernias not other-
wise seen on US or CT (Fig. 2.9).

 Confounding Pathologies

Given the myriad of adjacent structures, it is not 
surprising that multiple other pathologic pro-
cesses are often detected on athletic pubalgia 
protocol MRI.  Muscle strains, stress fractures, 
hip pathology, lumbar spine and sacroiliac joint 
pathology, visceral pathology (ovarian follicles, 
endometriosis, adenomyosis, and uterine 

fibroids) can present with similar symptoms to 
athletic pubalgia.

 Conclusion

Over the years the imaging modalities for hernias 
have improved significantly. Imaging, particu-
larly ultrasound (US) and computed tomography 
(CT) have been the imaging study of choice to 
evaluate for hernias. MRI has now been proven to 
have benefit in both detection of occult hernias as 
well as for workup with patients for groin pain. It 
is important for surgeons to have a general under-
standing of the basics of MRI principles and 
anatomy and pathology to properly guide their 
treatment plan for patients.

Normal MRI of the rectus abdominis/adductor 
aponeurotic plate and aponeurosis

Bibliography

1. Currie S, Hoggard N, Craven IJ, et al. Understanding 
MRI: basic MR physics for physicians. Postgrad Med 
J. 2013;89:209–23.

2. Jacob BP, Chen DC, Ramshaw B. The SAGES manual 
of groin pain. Springer; 2016.

3. Miller J, Cho J, Michael MJ, Saouaf R, Towfigh 
S. Role of imaging in the diagnosis of occult hernias. 
JAMA Surg. 2014;149(10):1077–80.

4. Mullens FE, Zoga AC, Morrison WB, et  al. Review 
of MRI technique and imaging findings in ath-
letic pubalgia and the “sports hernia”. Eur J Radiol. 
2012;81:3780–92.

5. Novitsky, et al. Hernia surgery. Springer; 2016.
6. Omar IM, Zoga AC, Kavanagh EC, et al. Athletic pub-

algia and “sports hernia”: Optimal MR imaging tech-
nique and findings. Radiographics. 2008;28:1415–38.

7. Van den Berg JC.  Inguinal hernias: MRI and ultra-
sound. Semin Ultrasound CT MRI. 2002;23:156–73.

2 Magnetic Resonance Imaging (MRI) Basics



21

3Ultrasonography Basics

Benjamin K. Poulose

 Introduction

Ultrasound may be one of the most underuti-
lized modalities in evaluating hernia and dis-
eases of the abdominal core musculature. The 
reasoning for this is multifactorial and includes 
the learning curve necessary to successfully 
perform in-office ultrasound, the general lack 
of reliable ultrasound for hernia diagnostics 
from our radiology colleagues, and the univer-
sal ease and familiarity with computed tomog-
raphy. A major distinction should be made 
between ultrasound ordered by the surgeon and 
performed by a radiology department versus 
surgeon-performed ultrasound. The former 
often varies in quality and usability given the 
ultrasonographer’s experience in evaluating the 
abdominal wall, the radiologist’s familiarity 
evaluating complex abdominal wall structures 
(i.e., inguinal anatomy), and the lack of real-
time evaluation by the original surgeon order-
ing the study. The latter takes advantage of one 
of the most useful aspects of ultrasound: real-
time evaluation of pathology by the treating cli-
nician. A relatively small investment in time 
and money can pay back rewards of near-instant 

diagnosis, less exposure to radiation, and time 
savings from a patient perspective.

 Patient Selection

In general, ultrasound is more effective and eas-
ier to perform in patients with less subcutaneous 
fatty tissue. The adipose distribution may vary 
widely in patients of similar body mass index 
(BMI). Patients with a high BMI may actually 
have a large distribution of visceral fat compared 
to subcutaneous fat, making the evaluation of the 
anterior abdominal wall relatively easy. 
Conversely, patients with a similarly high BMI 
may have extensive depth to the subcutaneous 
tissue making evaluation of the anterior abdomi-
nal wall fairly difficult. Ultrasound should gener-
ally be avoided in patients with open wounds and 
uncovered stomas unless the procedure can be 
performed while protecting the probe from cross- 
contamination. Placing the ultrasound probe in a 
sterile bag can often facilitate this process. 
Minimizing cross contamination should also be 
considered when evaluating patients on contact 
precautions per institutional policies and proce-
dures. Abdominal wall ultrasound can be useful 
in many contexts including the clinic, inpatient 
floors, emergency room, and operating room.

One of the keys to performing successful 
abdominal wall ultrasound is knowing when to 
refer a patient for ultrasound performed by 
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radiology teams. The diagnosis of intra-abdom-
inal or vascular pathology should generally be 
referred to radiology or vascular centers where 
capabilities and experience can best serve 
patients. However, focused ultrasound of the 
anterior abdominal wall and core musculature 
can be effectively performed by surgeons.

Evaluation of the linea alba, rectus complex, 
linea semilunaris, and oblique musculature are 
readily accomplished by ultrasound. As such, 
evaluation of ventral hernia lends itself well to 
surgeon-performed ultrasound. One notable 
exception to this is the evaluation of the umbili-
cus due to the inherent air interface that often 
accompanies the evaluation of this structure. In 
contrast, evaluation of the inguinal region can be 
quite challenging given the underlying anatomy, 
difficulty in obtaining acoustic coupling, and 
challenge in interpreting images. Some of these 
shortcomings can be overcome by the dynamic 
nature of ultrasound where it can be coupled with 
physical examination and accentuating maneu-
vers (i.e., Valsalva) in real time.

 Ultrasound Scanning

 General Overview

The underlying principle of ultrasound utilizes 
the oscillation of mechanical pressure waves 
transmitted through a medium. The propagation 
velocity of sound waves varies through different 
types of biological tissue and varies with tissue 
density and compressibility (Table 3.1). The fre-

quency of the sound wave is inversely related to 
the depth of penetration. Generally speaking, 
ultrasound probes of higher frequency (e.g., 
12 MHz) cannot penetrate as deeply as lower fre-
quency ultrasound probes (e.g., 5 MHz). High fre-
quency however provides higher resolution and 
fidelity of images, making these probes ideal for 
the evaluation of the abdominal wall. The key 
physical principles of ultrasound-based imaging 
are shown in Fig. 3.1. As an ultrasound transducer 
emits sound waves, energy is emitted and reflected 
back toward the probe. This results in the creation 
of an ultrasound image. In addition to reflection, 
sound waves are absorbed, scattered, transmitted, 
and refracted. These actions contribute to “attenu-
ation” of the ultrasound waves. Heterogeneous 
tissues have increased amounts of attenuation 
which allows for discernment of the tissues and 
structures while homogenous tissue (i.e., simple 
fluid) has minimal attenuation.

Table 3.1 Propagation velocity of sound waves through 
various biologic media (adapted from Hagopian and 
Machi)

Medium Speed of sound wave (m/s)
Air 330
Fat 1460
Water 1480
Brain 1540
Kidney 1560
Liver 1580
Blood 1580
Muscle 1580
Eye lens 1640
Bone 3000–4500

Fig. 3.1 Behavior of an 
acoustic wave traveling 
through a medium 
(adapted from Hagopain 
and Machi)
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Fig. 3.2 A mode, amplitude modulation (adapted from 
Hagopian and Machi)

Fig. 3.3 B mode, brightness modulationSeveral imaging modes are available for diag-
nostic ultrasound. A mode (amplitude modulation) 
is the simplest visualization and reflects the echo 
from a single transmitted pulse (Fig. 3.2). B mode 
(brightness modulation) represents a two- 
dimensional reconstruction of A mode informa-
tion where the amplitude shown in A mode is 
converted to a pixel of proportional brightness 
(Fig. 3.3). B mode represents the most common 
type of image used in medical ultrasound. M mode 
shows motion over time; this is commonly used in 
echocardiography and vascular pathology and 
allows analysis of velocities and abnormalities in 
structural motion. Doppler modes allow for the 
quantification of flow velocities and are also com-
monly utilized in Cardiology and Vascular appli-
cations. Doppler modes can be combined with B 
mode images to identify vascular structures that 
can be of interest in the setting of traditional B 
mode visualization. This type of combined imag-
ing is known as duplex ultrasound.

 Ultrasound Probe Options

The ultrasound transducer (i.e., probe) is the most 
familiar component of an ultrasound diagnostic sys-
tem to the surgeon. The main function of the trans-
ducer is to convert electrical energy into ultrasound 
energy and also sense the reflected ultrasound 
energy and convert this back to electrical energy for 
analysis. Modern piezoelectric transducers come in 

an array of shapes and sizes to accommodate differ-
ent clinical approaches and applications (Fig. 3.4). 
The most common transducer used for the evalua-
tion of abdominal wall pathology is the high fre-
quency linear array (Fig. 3.5). Like most transducers, 
this has an orientation mark that corresponds to a 
digital marker seen on the output screen. In addi-
tion, most transducers have a multi-use button that 
commonly is used to freeze and unfreeze scanning 
for image capture.

 Console Basics

The two most common controls utilized for 
adjusting the ultrasound image are gain and 
depth. Gain controls amplification of the electri-
cal signal produced by the transducer which is 
then reflected in brightness on the ultrasound B 
mode image. Often a single overall gain control 
is present (Fig. 3.6) along with a more nuanced 
time gain compensation control. The latter allows 
selective amplification of signal at selectable 
depth; the control mechanism itself is reflective 
of the depth and is fairly intuitive (Fig. 3.7). The 
depth control (Fig.  3.8) allows changes in fre-
quency and visualization distance from the trans-
ducer producing images and different distances 
from the transducer. The maximal depth is lim-
ited by the frequency of the transducer selected.
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Fig. 3.4 Different types 
of ultrasound probes 
(adapted from Hagopian 
and Machi)

Fig. 3.5 High-frequency linear transducer used for 
abdominal wall evaluation

Fig. 3.6 Gain control changes amplification of the elec-
trical signal and alters brightness in B mode
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Fig. 3.7 Time gain compensation control

Fig. 3.8 Depth control changes frequency and allows 
deeper or more superficial evaluation

 Ultrasound Procedure

General Considerations—Surgeon-Performed 
Ultrasound

For diagnostic ultrasonography, the general 
consent to treat for medical care should suffice 
for performance of the study. For ultrasonogra-
phy requiring an interventional component (e.g., 
ultrasound-guided drainage) specific informed 
consent documentation is required. It is strongly 
advisable to check with facility and provider 
requirements before introducing a new type of 
procedure (diagnostic or otherwise) into your 
practice. The minimum documentation neces-
sary in most situations includes an ultrasound 
procedure note which includes indications, find-
ings, impression(s), and any representative 
images saved into the electronic medical record. 
The latter images should conform to local and 
national standards for documentation of medi-
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cal imaging. Most ultrasound systems have the 
ability to interface directly with radiographic 
imaging systems greatly facilitating image doc-
umentation. Should the surgeon have the appro-
priate credentials for ultrasound billing, the 
focused ultrasound code (Current Procedural 
Terminology (CPT) 76705—abdominal ultra-
sound, limited) can be used. In the outpatient 
clinic setting, a separate note must be completed 
documenting the procedure (with image docu-
mentation) and a CPT modifier -25 is used in 
addition to the Evaluation and Management 
component CPT code. Before billing for these 
services, each surgeon should check with local 
practices and compliance personnel to ensure 
proper coding and billing.

An outpatient order is placed which should 
trigger the input of patient information into the 
ultrasound machine and generate the necessary 
administrative requirements for successful per-
formance and billing. The ultrasound procedure 
should be performed in a dimly lit room and the 
patient prepped by exposing the area of interest. 
The procedure can be performed from either side 
of the patient in the supine position. Appropriate 
infection control practices should be employed to 
ensure the safe performance of procedures from 
patient to patient. This is of particular consider-
ation in patients with stomas and open wounds. 
Generally speaking, stoma appliances are left in 
place and open wounds are covered with trans-
parent plastic dressings. Liberal use of transducer 
gel is key to creating high-fidelity images. 
Specific techniques are outlined below:

Abdominal Wall Evaluation (Dynamic 
Abdominal Sonography for Hernia)

 (a) The linea alba is evaluated first from xiphoid 
to pubis creating transverse plane images 
(Fig. 3.9).

 (b) Successive images are taken adjacent to this 
in a similar fashion moving to the left of the 
patient ensuring overlapping images to 
ensure the entire anterior abdominal wall is 
evaluated. At this stage, structures including 
the subcutaneous tissues, rectus musculature, 
linea semilunaris, and oblique muscles are 

carefully evaluated to the left anterior axil-
lary line.

 (c) Once this is completed, the right rectus mus-
cle, linea semilunaris, and oblique muscles 
are evaluated similarly moving to the right 
anterior axillary line.

Inguinal Canal Evaluation

 (a) Transverse images are obtained just above 
the pubic tubercle and the spermatic cord is 
identified. The cord is tracked cephalad until 
it is no longer visible.

 (b) The cord is tracked proximally until it is no 
longer visible then identified again and fol-
lowed caudally.

 (c) Identification of the spermatic cord will sig-
nify the inguinal canal which can be fol-
lowed from deep to the superficial ring and 
into the scrotal sac.

 (d) Sagittal images are very helpful in identify-
ing the spermatic cord, alternating with 
transverse images.

 (e) Valsalva can be utilized to visualize a hernia 
sac that protrudes through the floor or 
through the inguinal canal.

Fig. 3.9 Performance of Dynamic Abdominal 
Sonography for Hernia (modified from Beck et al)
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 Clinical Pearls

For both ventral and inguinal hernia, having 
patients perform a Valsalva maneuver greatly 
facilitates the identification and characterization 
of hernia. This is a significant advantage of using 
ultrasound in the diagnosis of hernia compared to 
computed tomography and even magnetic reso-
nance imaging. Rapidly transitioning from trans-
verse to sagittal views can give the examiner a 
three-dimensional construct of the pathology 
evaluated. The umbilicus can be one of the most 
difficult structures to evaluate via ultrasound. The 
linea alba immediately beneath the umbilicus is 
often obscured by artifact due to the air interface 
and physical depression of the umbilicus. Oblique 
views and “filling” the umbilicus with transducer 
gel can assist with visualization. One of the most 
important adjuncts to surgeon-performed ultra-
sound is physical examination which can be used 
in conjunction with ultrasound to identify and 

characterize pathology. This is also one of the 
key benefits to clinicians performing ultrasound.
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4Standardizing the Approach 
to Hernia Radiology

Colin G. DeLong and Eric M. Pauli

 Introduction

The intersection of surgery and radiology is per-
haps nowhere more important than in the care of 
patients with abdominal wall defects. Radiographic 
studies are increasingly used in all phases of com-
prehensive hernia care. Properly conducted 
abdominal-core surgery therefore requires skillful 
interpretation of patient imaging by radiologists 
and hernia surgeons alike. Given this important 
and increasing interplay between surgeons and 
radiologists, standardized reporting of the abdomi-
nal wall is of utmost importance to ensure effi-
cient, accurate communication between providers. 
Standardized language is also important on inter-
national levels to ensure consistent reporting of 
research outcomes and novel techniques.

Given these clear advantages, efforts have 
been made within the community of hernia sur-
geons to standardize the language used to 
describe abdominal wall pathology. In a prospec-
tive study of surgeons and radiologists interpret-
ing CT scans, Holihan et  al. noted that the 

majority of disagreement between reviewers 
identifying ventral hernias stemmed from a lack 
of standardized definitions, not from errors in 
interpreting the scans [1]. This issue was magni-
fied when attempting to determine the recurrence 
of hernias after repair. National surveys and con-
sensus meetings have been used to establish defi-
nitions for terms such as “giant” and “complex” 
ventral hernias [2, 3]. The Ventral Hernia Working 
Group (VHWG) used expert opinion to develop a 
grading scale to stratify hernia patients based on 
patient and wound characteristics [4]. This scale 
was then validated and modified, based on its 
ability to predict risk for surgical site occurrences 
(SSOs) [5]. Finally, the European Hernia Society 
(EHS) has been a leader in publishing classifica-
tion systems for the description of ventral and 
inguinal hernias [6].

Even with these modest improvements, the 
lofty goal of standardized reporting of the 
abdominal wall is far from achieved. As the field 
of abdominal-core surgery has become a subspe-
cialty of its own, the collective knowledge of how 
imaging can be used to plan surgical care and to 
predict outcomes has grown exponentially. 
Ultimately, standardization of radiologic her-
nia language requires global effort and accep-
tance by both surgeons and radiologists. The 
goal of this chapter is to describe the current 
intersection between radiology and hernia sur-
gery and to emphasize the importance of a 
standardized approach to hernia radiology. 
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This chapter contains three main sections: 1) the 
use of standard imaging modalities in the care of 
hernia patients; 2) the use of advanced image 
processing techniques to predict and improve 
hernia patient outcomes; and 3) standardized 
reporting of the abdominal wall.

 Standard Imaging Techniques

The comprehensive care of patients with abdomi-
nal wall hernias spans five unique phases: (1) 
diagnosis of hernia; (2) preoperative evaluation 
and surgical planning; (3) intraoperative care; (4) 
postoperative management and assessment for 
complications; and (5) long-term follow-up and 
evaluation for recurrence. This section details the 
current uses of standard imaging techniques to 
assist the hernia surgeon during each phase.

 Diagnosis of Hernia

Establishment of a hernia diagnosis, the initial 
step in the care of hernia patients, is often initi-
ated by primary care physicians prior to a surgi-
cal referral. As such, consistent reporting of 
abdominal wall defects by radiologists is essen-
tial so that proper surgical consultation can be 
established. Though some hernias can be easily 
diagnosed through physical examination, many 
require some form of imaging to establish or 
confirm a diagnosis. Physical examination by 
surgeons, once considered the standard for her-
nia diagnosis, is fraught with error. In a prospec-
tive study by Baucom et  al, surgeon physical 
examination had a sensitivity of 77% and nega-
tive predictive value (NPV) of 77% for the diag-
nosis of incisional hernia. For obese patients, the 
sensitivity and NPV dropped to 73% and 69%, 
respectively [7]. Physical examination to detect 
ventral hernia recurrence has false negative rates 
as high as 33% [1].

Even after imaging studies have been obtained, 
the detection and description of abdominal wall 
defects are often incorrect. A retrospective study 
of addenda to radiology reports found that the 
second most common anatomic site for missed 

diagnoses was the abdominal wall (in 8.3% of 
addenda), with ventral hernia being the most 
commonly missed abnormality at this site [8]. 
When compared to blinded, surgeon-interpreted 
CT scans, radiology reports detected incisional 
hernias with a sensitivity of 79% and specificity 
of 94% [9]. Even among surgeons, the diagnosis 
of a ventral hernia is not consistent. A prospec-
tive study by Holihan et  al. demonstrated dis-
agreement between 9 reviewers (surgeons and 
radiologists) on the diagnosis of ventral hernia in 
73% of cases; this disagreement persisted in 10% 
of cases, even after discussion [1].

Additional imaging modalities including 
ultrasound have been proposed as alternatives to 
CT scans for diagnosis of ventral hernias. 
Surgeon-performed Dynamic Abdominal 
Sonography for Hernia (DASH) is a technique in 
which a 12-MHz linear ultrasound probe is used 
in the transverse and craniocaudal planes to iden-
tify abdominal wall anatomy and full-thickness 
defects in the fascia. DASH was compared with 
CT scans for the diagnosis of incisional hernias 
and found to have sensitivity of 98% and speci-
ficity of 88%, with high inter-rater reliability 
[10]. Of note, patients with stomas and fistulas 
were excluded from this analysis. DASH was 
then further tested to assess its ability to charac-
terize incisional hernias [11]. The mean surface 
area of the hernia was calculated similarly by 
both CT and ultrasound.

Multiple imaging techniques are also avail-
able to assist in the accurate diagnosis of groin 
hernias. Similar to ventral hernias, physical 
examination is not reliable for the diagnosis and 
has a sensitivity of less than 75% [12]. High- 
resolution multidetector CT scans are able to dif-
ferentiate direct from indirect inguinal herinas 
[13], and can also detect femoral hernias [14] and 
obturator hernias [15]. In cases of occult inguinal 
hernias, prone-position CT scans have been com-
pared to standard supine position. Numerous 
studies have demonstrated a higher sensitivity of 
prone versus supine CT scans, both for the diag-
nosis of groin hernia and for the classification of 
hernia type [16, 17].

Other imaging modalities such as ultrasound 
and herniography also play a role in the diagnosis 
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of groin hernias. Dynamic groin ultrasonography 
has been successfully demonstrated in the evalua-
tion of athletes with groin pain with a sensitivity of 
100% and PPV of 93% [18]. Herniography, in 
which radio-opaque contrast is injected into the 
peritoneal cavity and radiographs of the groin are 
obtained during provocative maneuvers, has been 
extensively studied for the diagnosis of occult groin 
hernias. Long considered the most sensitive diag-
nostic tool for occult hernias, the role of herniogra-
phy has recently been questioned. Ward et  al. 
demonstrated that greater than one-third of patients 
with groin pain, no palpable lump, and a positive 
herniogram had resolution of their symptoms with 
watchful waiting [19]. A systematic review by Ng 
et al. found reported rates of major complications 
less than 1%, but minor complications ranging 
from 0 to 80% following herniography [20].

Robinson et al. performed a meta-analysis of 
radiographic techniques for the diagnosis of 
occult inguinal hernias [21]. The sensitivity and 
specificity (sensitivity/specificity) for the tech-
niques included CT scan (80%/65%), ultrasound 
(86%/77%), and herniography (91%/83%). 
Finally, the role of MRI in groin hernia diagnosis 
has been studied. Studies have estimated that the 
sensitivity of MRI ranges from 85% to 95% [12, 
22]. Leander et  al. demonstrated that MRI fol-
lowing herniography did not detect additional 
groin hernias, but was useful in detecting other 
causes of groin pain including inflammatory 
changes in the symphysis region [23]. The 
European Hernia Society and the HerniaSurge 
Group have both recommended MRI with 
Valsalva maneuver prior to considering herniog-
raphy given its noninvasive nature and ability to 
detect other diagnoses [24, 25].

 Preoperative Evaluation and Surgical 
Planning

Once a hernia diagnosis has been established, 
the next phase of hernia care involves preopera-
tive evaluation and surgical planning. An “ana-
tomical” preoperative evaluation should be 
performed on all hernia patients, which includes 
physical examination, review of prior operative 

notes (particularly prior hernia repair reports to 
evaluate for the location of previously implanted 
mesh), and review of abdominal imaging. As 
mentioned previously, physical examination 
alone misses up to one-third of ventral hernias 
and provides little information regarding under-
lying anatomy [1]. Unfortunately, the com-
pleteness and accuracy of operative notes has 
also been challenged in numerous surgical set-
tings, including hernia repair [26, 27]. 
Therefore, skilled interpretation of patient 
imaging often provides the most objective and 
comprehensive information to aid the surgeon 
in preoperative planning.

The number of accepted surgical techniques 
for the repair of abdominal wall defects is vast 
and continues to evolve and grow. Careful pre-
operative planning is crucial to ensure that 
patients receive the type of operation most 
suited to their unique condition. Decisions to be 
made include the operative approach (open, lap-
aroscopic, or robotic), the consideration of mesh 
use and type, the type of repair and mesh posi-
tion, and the need for complex reconstructive 
techniques including component separation. 
Blair et al. demonstrated that data from preop-
erative CT scans, including defect width, length, 
and abdominal wall thickness at various points 
can successfully predict the need for component 
separation and concomitant panniculectomy 
[28]. Franklin et al. also showed that abdominal 
wall defect ratios and hernia defect area on pre-
operative CT scans predict the ability to achieve 
primary abdominal closure versus bridged 
repair following component separation [29].

More recently, Love et al. developed a novel 
method to predict the need for myofascial release 
(versus posterior rectus sheath release alone) by 
utilizing CT scans to measure the rectus width to 
hernia width ratio [30]. When this so-called 
Carbonell ratio is >2 (the combined width of the 
rectus muscle body is more than twice as wide as 
the hernia gap between the rectus muscles them-
selves), only 10.8% of patients required an addi-
tional myofascial release to achieve fascial 
closure and the remaining 89.2% of patients were 
able to undergo a retro-rectus operation alone 
(Fig. 4.1).
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Fig. 4.1 Patient with a Carbonell Ratio of 4.08 (>2) 
which suggests there is a 90% chance that the recurrent 
incisional hernia will be able to be repaired with a retro- 
rectus operation alone without the need for an additional 
myofascial release (TAR or EO release)

 Intraoperative Care

Imaging that has been obtained preoperatively 
should always be available for viewing by the 
surgeon during the operation. Particularly during 
complex abdominal wall reconstructions, cross- 
sectional imaging can serve as a road map to 
guide the surgeon during difficult portions of the 
case. In particular, familiarity with the contents 
of the hernia sac, presence of prior mesh, and 
assessment of adhesions can aid in a safer entry 
into the abdomen and can alert the surgeon of 
areas where particularly cautious dissection must 
be utilized. Case reports have demonstrated many 
unique ventral and inguinal hernia sac contents 
including tumor, persistent Mullerian duct, diver-
ticular abscess, transplant kidney ureter, pancreas 
in a patient with intestinal malrotation, vesical 
diverticulum, and duplicated ureter [31–38]. 
Knowledge of the location of these critical struc-
tures can be obtained from imaging prior to or 
during the operation itself, allowing them to be 
safely identified and preserved during the con-
duct of the case.

 Postoperative Management 
and Assessment for Complications

Following operative repair of abdominal wall 
hernias, patients must be closely monitored for 

the development of complications. Often, this 
can be performed on a purely clinical basis with-
out the need for routine postoperative imaging 
studies. However, some surgeons—particularly 
after complex abdominal wall reconstructions—
do elect to include routine imaging studies in the 
postoperative care of their patients. CT scans are 
the most commonly used imaging modality to 
assess suspected postoperative complications, 
and can detect occurrences such as seroma, 
hematoma, abscess, small bowel obstruction, 
mesh infection/migration, and fistulas [39]. 
Ultrasound and MRI can be useful when evaluat-
ing the patient for the presence of adhesions. 
Zinther et  al. demonstrated that both MRI and 
ultrasound can be used to detect intra-abdominal 
adhesions with comparable sensitivity (21.5% 
and 24%, respectively) and are particularly use-
ful in identifying areas without adhesions when 
additional entry into the abdomen is needed [40]. 
Later studies have indicated that MRI is the pre-
ferred modality to identify adhesions and that 
these findings correlated with otherwise unex-
plained postoperative abdominal pain [41, 42]. 
Additionally, MRI is able to detect adhesions to 
mesh after ventral hernia repair but this finding 
has not been correlated with abdominal pain [43].

Less commonly used for routine follow-up 
after groin hernia repair, standard imaging modal-
ities are able to reliably detect complications 
when utilized. CT scans can identify seromas, 
abscesses, hematoma, mesh infections, bowel 
complications, and urogenital injuries [44]. MRI 
is able to detect mesh migration, shrinkage, and 
folding following laparoscopic hernia repair [45]. 
Further, MRI is useful in the evaluation of chronic 
groin pain following laparoscopic inguinal hernia 
repair, particularly to confirm correct mesh posi-
tion. However, MRI only identifies treatable 
causes of groin pain in 15% of cases [46]. Also 
important to consider when evaluating postopera-
tive imaging are normal surgical findings that can 
be misdiagnosed as a complication. “Meshoma” 
or “plugoma” (often reported as a focal pelvic 
lesion), refers to the postoperative CT appearance 
of a prosthetic plug used for inguinal hernia repair 
and should not be misdiagnosed as a soft tissue 
mass or fluid collection [47, 48].
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 Long-term Follow-up and Evaluation 
for Recurrence

The final phase of care for hernia patients involves 
surveillance for recurrence of the hernia. It is 
well established that the vast majority of other 
surgical complications occur within a 90-day 
timeframe following surgery. Though some pro-
viders obtain scheduled routine imaging studies 
to assess for surveillance at 6 or 12 months, most 
providers do not—citing cost and radiation expo-
sure. In a systematic review of all published stud-
ies on ventral hernia, Halligan et  al. noted that 
only 29% of the included studies employed post-
operative imaging, and only 3% of the studies 
consistently applied the same imaging technique 
to each subject [49]. Therefore, interpretation of 
any study’s description of recurrence rates 
requires consideration of the follow-up method.

To reduce radiation and cost, some centers 
have evaluated the use of other modalities to sur-
vey for recurrence. The developers of Dynamic 
Abdominal Sonography for Hernia (DASH) posit 
that this method can greatly facilitate long-term 
follow-up after ventral hernia repair [10]. 
Ultrasound has proven useful to monitor recur-
rence of inguinal hernias as well. A prospective 
study by van Hessen et al. found that prior to sur-
gery for recurrent hernia, physical examination 
matched surgical findings in 75.2% of cases, 
while ultrasound findings matched operative 
findings in 87.0% [50]. Several groups have pro-
posed MRI as a follow-up method after ventral 
hernia repair as it identifies recurrence, but also 
intra-abdominal adhesions, mesh positioning, 
and muscular atrophy [51, 52].

Imaging following hernia repair can also pro-
vide information regarding changes to the 
abdominal wall musculature. Not performed for 
individual patients, this information is typically 
obtained in research settings to evaluate physio-
logic and mechanical response to new abdominal 
wall reconstruction techniques. Lisiecki et  al. 
demonstrated that following component separa-
tion, total body area and total body circumfer-
ence decreased, while fascia area and 
circumference did not decrease significantly [53]. 
De Silva et  al. demonstrated changes in the 

abdominal wall musculature following compo-
nent separation and transversus abdominis 
release including hypertrophy of the rectus 
abdominis and internal and external obliques 
[54]. In a similar evaluation of abdominal wall 
changes after component separation hernia repair, 
Daes et al. evaluated 15 patients who had under-
gone endoscopic external oblique (EO) release 
and determined that the EO was laterally dis-
placed a mean of 2.1  cm with no associated 
changes in the combined lateral muscle thickness 
[55]. In a follow-up evaluation, the same investi-
gators found lateral displacement of the trans-
verses abdominis (TA) muscle by 1.00  cm 
following TA release hernia surgery [56]. 
Together, these studies suggest greater lateral 
muscle displacement following EO release than 
after TA release operations.

 Advanced Image Processing 
Techniques and Radiomics

Recent advances in image processing capabilities 
and understanding of human physiology have 
opened the door for great advances in the role of 
radiology in hernia care. Physicians and scien-
tists have just begun tapping into the vast amounts 
of hidden data contained within radiographic 
studies and are using this data to learn more about 
patients undergoing hernia repair. Radiomics, the 
name given to this emerging field, has been 
described as the “bridge between medical imag-
ing and personalized medicine” [57]. A transla-
tional field of research, radiomics extracts 
qualitative and quantitative data from clinical 
images with the goal of enhancing clinical deci-
sion support systems and outcome prediction 
[57, 58]. Notably, these analyses are performed 
on standard imaging platforms such as CT scans 
but are “mined with sophisticated bioinformatics 
tools” to yield complex datasets compatible with 
high-order statistical analyses [59]. This section 
describes the use of radiomics and other similar 
techniques to predict outcomes in hernia patients 
with data from imaging studies.

Sarcopenia, the loss of muscle tissue during 
aging, has been extensively studied in its relation 

4 Standardizing the Approach to Hernia Radiology



34

to surgical outcomes and is considered a marker 
of frailty. For hernia surgery specifically, the 
results are mixed regarding its predictive value. 
Barnes et al. demonstrated that preoperative sar-
copenia was associated with an increased risk of 
postoperative complications with an odds ratio of 
5.3 [60]. Specifically, the significant differences 
were in hernia recurrence and renal failure, with-
out significant differences in other postoperative 
complications. Rinaldi et  al. demonstrated that 
sarcopenia was associated with increased length 
of stay but not with surgical site occurences [61]. 
Other studies have not identified such associa-
tions. In a retrospective review of 135 patients 
undergoing ventral hernia repair by Siegal et al., 
sarcopenia was not associated with an increase in 
postoperative complications or hernia recurrence 
[62]. Finally, in a study of 1178 patients, 
Schlosser et  al. found no increases in wound 
infection, readmission, reoperation, hernia recur-
rence, or major complications in patients who 
had sarcopenia or osteopenia [63].

Measures of hepatic fat, or steatosis, have also 
been studied in relation to hernia outcomes. It has 
been shown that CT and MRI techniques are 
capable of quantifying visceral and hepatic fat 
and can assist in the diagnosis of metabolic syn-
drome and nonalcoholic fatty liver disease [64]. 
Ssentongo et al. identified steatosis on preopera-
tive CT scans of patients undergoing ventral her-
nia repair [65]. In this study, postoperative 
hyperglycemia was associated with both hepatic 
steatosis and increased waist circumference-to- 
height ratio. Further, steatosis was associated 
with surgical site occurrences, with an odds ratio 
of 3.31.

Beyond measures of sarcopenia and steatosis, 
targeted measurements of the abdominal wall 
have also shown predictive capabilities for hernia 
patients. Schlosser et al. used three-dimensional 
volumetric software to measure subcutaneous, 
intra-abdominal, and hernia volumes [66]. Using 
these measurements, the group created new com-
ponent variables (hernia dimension, extra- 
abdominal volume, and intra-abdominal volume) 
which correlated with wound complications, 
readmission, and reoperation and also predicted 
the need for panniculectomy and component sep-

aration. Similarly, Winters et  al. demonstrated 
visceral fat volume as a predictor for rehernia-
tion, and hernia sac volume and subcutaneous fat 
volume as predictors for surgical site infections 
[67]. Blair et  al. demonstrated abdominal wall 
thickness and hernia size as independent predic-
tors of wound complication [28]. Finally, 
Mommers et al. demonstrated that hernia volume 
was predictive of postoperative pulmonary com-
plications, even more so than smoking [68].

Additional techniques have been employed to 
further understand the capacity of imaging data 
to determine abdominal wall mechanics. Todros 
et al. developed a virtual model of the abdominal 
wall from MRI scans of healthy individuals [69]. 
Using this model, they were able to analyze the 
mechanical response of the abdomen to mesh 
placement including changes in abdominal wall 
stiffness, displacement, and intra-abdominal 
pressures. A study by Strigard et  al. compared 
both clinical and CT scan measurements of her-
nia size with abdominal wall strength measured 
with a BioDex system [70]. Interestingly, clinical 
measures of hernia size correlated well with 
abdominal wall strength, while CT measure-
ments did not. The authors posited that clinical 
examination differentiates between functional 
muscles (those that contract on demand) versus 
those that are denervated, weakened, or replaced 
with fibrous tissue whereas CT scan identifies all 
fibers. This study exposes a possible limitation in 
imaging analysis of the abdominal wall.

In addition to predicting operative and postop-
erative occurrences, imaging data has also been 
used to predict the natural history and progres-
sion of hernias. In a study of umbilical hernias, 
hernia size, hernia neck size, and the hernia- 
neck- ratio (HNR) were used to predict progres-
sion from an uncomplicated hernia to 
complicated, meaning incarceration, intestinal 
obstruction, or intestinal necrosis [71]. The study 
found that an HNR >2.5 was associated with a 
53-fold increased risk of progression to a compli-
cated hernia and suggested that any patients with 
this ratio should undergo repair (Fig. 4.2). Mueck 
et  al. evaluated radiographic factors associated 
with the need for emergent ventral hernia repair. 
These factors, which include BMI, ascites, height 
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of the hernia sac, and the angle between the fas-
cial plane and hernia sac, were used to develop a 
logistic model [72]. In the model, patients with 
greater than 10 points have 2.5 greater odds of 
needing emergent hernia repair (Fig. 4.3). Finally, 
for patients undergoing radical prostatectomy—
where the incidence of postoperative radical 
prostatectomy-related inguinal hernia (RPRIH) 
is 15–20%—Fukuta et al. investigated preopera-
tive CT findings which would predict the devel-
opment of RPRIH [73, 74]. Subclinical inguinal 
hernia was the only predictive factor identified.

More recently, Elhage et  al. compared the 
ability of artificial intelligence to predict the out-
comes of hernia surgery with that of expert sur-

geons [75]. The investigators first selected 9303 
images from the CT scans of 369 patients who 
had undergone open complex hernia repairs. The 
images were subsequently evaluated by expert 
surgeons and by a deep learning neural network 
which was asked to predict three herniorrhaphy- 
related events; the need for a component separa-
tion (a surrogate predictor of complexity), the 
development of a surgical site infection, and 
postoperative pulmonary failure. The image- 
based deep learning model was successful in pre-
dicting surgical complexity and the development 
of surgical site infections and was more accurate 
than expert surgeon judgment.

 Standardized Reporting 
of the Abdominal Wall

As detailed in the prior sections of this chapter, 
there is a substantial overlap between abdomen- 
core health and abdominal wall imaging. There 
is clearly a bright future in hernia care that can 
be achieved through the collaboration of radiol-
ogists and hernia surgeons. However, a con-
certed effort by both parties to achieve 
standardized reporting of the abdominal wall 
will be required to continue to drive the field 
forward efficiently and accurately. This section 
describes the efforts that have been made to 
accomplish standardization and highlight areas 
where more work is to be done.

Fig. 4.2 Patient with an umbilical hernia with a Hernia- 
Neck- Ratio of 3.09 (>2.5) which suggest that the patient 
is at a substantial risk of progression to a complication. 
This ratio lends data to favor an elective repair rather than 
expectant observation even in an asymptomatic patient

Fig. 4.3 Patient with an Odds Ratio of Emergency Repair 
Score of 15. A score of >10 suggests a great than 2.5 times 
likelihood of needing an emergency hernia repair. The 
score was calculated as follows:

0 (BMI less than 40  kg/m2)  +  7 (ascites present (* in 
Figure 3B)) + 5 (angle of hernia <30°) + 0.4 × 7.39 cm 
hernia sac height = 15
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Presently, there is no standardized template 
for the reporting of the abdominal wall within 
radiological reports. Some authors have proposed 
options for reporting schemes [76]. Any basic 
description of the abdominal wall should feature 
(1) the presence or absence of hernia; (2) hernia 
size; (3) hernia location; (4) contents of the her-
nia sac; (5) evidence of previous hernia repairs; 
(6) evidence of rectus abdominis diastasis; and 
(7) evaluation for loss of domain.

As previously noted, the lack of a standard-
ized definition for ventral hernia often leads to 
disagreement between those reviewing images. 
As Holihan et  al. note, the generally accepted 
definition of a ventral hernia (an abnormal pro-
trusion of tissue through the abdominal wall fas-
cia) “does not differentiate the more subtle 
differences between recurrence, eventration, 
and an unclosed fascia defect bridged with 
mesh.” Therefore, without clearer consensus 
guidelines, establishing the diagnosis of hernia 
will vary between providers. Importantly, once 
one hernia has been identified, one must be very 
careful to identify additional sites of hernia, par-
ticularly those away from the midline which is 
more commonly missed [1]. Additionally, 
Henriksen et al. detailed the association between 
development of inguinal hernias and ventral 
hernias, supporting a broader theory of “hernio-
genesis” [77]. Therefore, the presence of groin 
hernias should not be overlooked.

Once identified, the size of the hernia should 
be objectively described. A prospective study by 
Cherla et al. demonstrated that there are numer-
ous methods for measuring hernia defect size 
including radiographic, intraoperative (under 
varying degrees of insufflation), and clinical, and 
that these measures are only weakly correlated 
[78]. Further, differences in these measurements 
affected mesh selection in 56% of cases. Within 
radiographic methods alone, there are numerous 
methods for quantification including length, 
width, area, and composite hernia size. The 
European Hernia Society guidelines propose the 
simple reporting of the length and width of the 
defect. In cases where multiple hernia defects 
exist, the measurement is made from the furthest 
edge of the hernia in each direction [6].

Next, the location of the hernia should be 
reported. Again, numerous classification schemes 
have been proposed over time including Chevrel 
and Rath (2000), Schumpelick (2000), Korenkov 
(2001), Ammaturo and Bassi (2005), Dietz 
(2007), and the Swedish Abdominal Wall Hernia 
Registry (2008) [79–82]. The focus of each meth-
odology varied greatly and none gained wide-
spread use, possibly given their complexity. The 
simplicity of the European Hernia Society’s 
model has gained more popularity. Midline ven-
tral hernias are divided into five zones (subxy-
phoidal, epigastric, umbilical, infraumbilical, and 
suprapubic) classified as M1 (superior) to M5 
(inferior). Likewise, lateral hernias are divided 
into subcostal (L1), flank (L2), iliac (L3), and 
lumbar (L4). This classification can easily be 
learned by review of a simple schematic. The 
EHS also offers a classification for groin hernias 
which describes the location (lateral, medial, fem-
oral) and grades the size of the hernia orifice as <1 
(1), 1–2 (2), and ≥3 (3) finger widths across [83]. 
One final location parameter that can be useful for 
a hernia surgeon is the relation of the hernia to the 
nearest bony landmark, including xiphoid pro-
cess, anterior superior iliac spine (ASIS), costal 
margin, pelvis, spine, or pubic symphysis.

Knowledge of the contents of the hernia sac 
can be very important for operative planning and 
should be discussed in reports on the abdominal 
wall. As discussed previously, numerous organs 
can be involved in a hernia sac including bowel, 
bladder, liver, ureters, and many more. 
Additionally, any obstructive findings related to 
the hernia should be mentioned, including bowel 
obstruction and hydronephrosis. Finally, Loftus 
et al. demonstrated that radiographic evidence of 
fluid in the hernia sac was associated with a sig-
nificant increase in surgical site infection, with an 
odds ratio of 8.3, and would be important to 
include in a CT report [84].

Prior evidence of hernia repair, including the 
presence of mesh and tacks, is a commonly 
neglected aspect of abdominal wall reporting that 
can have significant clinical implications. 
Numerous types of surgical mesh are used for 
hernia repair, each with its own unique radio-
graphic appearance [85]. Radiologists and sur-
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geons should be familiar with the normal 
appearance of mesh, common mesh complica-
tions including seromas and infections, and mesh 
failures including shrinkage, detachment, and 
migration [86]. Also, the position of the mesh is 
important to describe and, until recently, did not 
have a standardized format. In 2017, Parker et al. 
described the highly variable methods of report-
ing mesh positioning and called for an interna-
tional expert consensus [87]. In 2020, the British 
Journal of Surgery published the International 
Classification of Abdominal Wall Planes (ICAP) 
which was the result of a Delphi study involving 
20 internationally recognized abdominal wall sur-
geons [88]. Consensus was achieved on 11 possi-
ble mesh positions: onlay, anterectus, inlay, 
interoblique, retro-oblique, retrorectus, retromus-
cular, transversalis fascial, preperitoneal, and 
intraperitoneal. It remains to be seen how this 
classification will be accepted, but it will likely be 
endorsed by the major international hernia societ-
ies. Finally, the presence and degree of intra-
abdominal adhesions, including adhesions to the 
mesh, can be reported. Commonly cited as more 
distinguishable on MRI, evidence of adhesions 
can be detected on CT scan as well. There is cur-
rently no standardized method to report on the 
presence or degree of intra-abdominal adhesions.

Rectus abdominis diastasis (diastasis recti) 
refers to the thinning and widening of the linea 
alba, without a true fascial defect, and its pres-
ence should be noted on a standardized report of 
the abdominal wall [89]. In a study of patients 
undergoing suture repair of umbilical and epigas-
tric hernias <2cm, diastasis recti was significantly 
correlated with hernia recurrence [90]. Therefore, 
concomitant repair of both diastasis recti and 
ventral hernias is recommended and has been 
successfully demonstrated [91]. Until recently, 
there was not a standardized method to describe 
diastasis recti. In 2018, a working group of the 
German Hernia Society and the International 
Endohernia Society developed a classification 
system with purposeful similarities to the EHS 
ventral hernia classification [92]. The method 
records the length of the diastasis using the iden-
tical EHS M1–M5 classification of midline ven-
tral hernias and records the width in a similar 

fashion where W1 is <3 cm, W2 is 3–5 cm, and 
W3 is >5 cm.

Finally, standardized reporting of the abdomi-
nal wall should include a description of the loss of 
domain. Assessment for loss of domain, in gen-
eral, compares the volume of intra-abdominal con-
tent to the volume of the hernia. In 2019, a 
systematic review of 77 articles published on the 
topic found that only 36% of articles used a writ-
ten definition for loss of domain, and the defini-
tions were widely varied [93]. The majority of 
definitions were descriptive, while 26% of defini-
tions used were volumetric definitions. In April 
2020, the World Journal of Surgery published a 
Delphi study involving 20 internationally recog-
nized abdominal wall reconstruction surgeons 
which reached a consensus on written and volu-
metric definitions of loss of domain [94]. The con-
sensus written definition is as follows: “A ventral 
hernia large enough such that simple reduction in 
its contents and primary fascial closure either can-
not be achieved without additional reconstructive 
techniques or cannot be achieved without signifi-
cant risk of complications due to the raised intra-
abdominal pressure.” The previously described 
Sabbagh method, where the loss of domain occurs 
when hernia sac volume divided by total perito-
neal volume is greater than 20%, was chosen as 
the consensus volumetric definition.

Perhaps the most widely cited definition of 
loss of domain was put forth by Tanaka et al. in 
2010 [95]. They utilized CT scan imaging to cal-
culate the hernia sac volume and the abdominal 
cavity volume and managed patients for loss of 
domain if the volume ratio was >25% (hernia 
contents represented at least one-fourth of the 
total abdominal volume). While useful as a defi-
nition, this so-called Tanaka Ratio was subse-
quently studied by Fafaj et  al. for its ability to 
predict fascial closure [96]. Below 25%, the ratio 
reliably predicted fascial closure. Above 25%, 
the ratio only had a sensitivity of 76% and speci-
ficity of 64% to predict fascial closure.

With the intent of more standardized reporting 
of the abdominal wall, some groups have pro-
posed advanced image labeling protocols to seg-
ment and label the abdominal wall. Allen et  al. 
demonstrated a quantitative anatomic labeling 
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protocol for the anterior abdominal wall that was 
employed with encouraging intra- and inter-rater 
reliability, even by nonphysicians [97]. From this 
labeling, the group was able to derive quantitative 
parameters describing the shape, location, and 
surrounding environment of the ventral hernia 
and, ultimately, show a clinical correlation 
between those parameters and technical charac-
teristics of the hernia surgery [98]. One drawback 
of the protocol was a mean labeling time between 
60 and 90  min per scan when performed by 
humans. In successive pilot studies, the group 
went on to demonstrate computerized segmenta-
tion of the abdominal wall using level-set image 
processing methods, further improved using tex-
ture analysis [99, 100]. Another group has dem-
onstrated the application of computerized image 
analysis for the automated identification of her-
nia mesh type [101].

Though these computerized protocols may 
represent the pathway to a more standardized 
future of hernia radiology, this fully automated 
radiographic technology is early in its develop-
ment and its implementation would take immense 
effort. Even so, as long as surgeons (not robots) 
are operating on hernias, the human capacity to 
interpret hernia radiology studies and effectively 
convey these findings in a standardized fashion 
will remain essential. This capacity to standard-
ize the approach to hernia radiology has been 
demonstrated in prior studies. Holihan et al. dem-
onstrated that 1 year after receiving standardized 
recommendations for interpreting CT scans of 
ventral hernias, inter-rater reliability among radi-
ologists was improved from kappa (ĸ) = 0.21 to 
ĸ = 0.50 [102]. In an additional study, inter-rater 
reliability between surgeons and radiologists 
improved (ĸ = 0.21 to ĸ = 0.34) after reviewing 
consensus group recommendations of ventral 
hernia CT scans [1].

 Conclusion

The pathway to more standardized hernia radiol-
ogy is evident. International experts need to reach 
consensus guidelines on standardized definitions 
and then surgeons and radiologists globally must 

commit to learning and following these guide-
lines. This chapter presents evidence that both of 
these steps can be accomplished with applied 
effort. The role of radiology in the comprehen-
sive care of hernia patients—through both stan-
dard and advanced techniques—is likely to 
continue to grow. Global and individual efforts 
by surgeons and radiologists will ensure a stan-
dardized, patient-centered future.
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Normal Radiographic Anatomy 
of Anterior Abdominal Wall

Iliya Goldberg and Salvatore Docimo Jr.

 Introduction:

 Anatomy of Anterior Abdominal Wall

 Muscle Layers
While it may appear simple at first glance, the 
abdominal wall is anatomically complex and lay-
ered with intertwined layers of innervation and 
blood supply. The abdominal wall is of mesoder-
mal origin and develops as two sheets migrate 
toward each other. These sheets both originate in 
the paravertebral region and envelop what will 
become the future abdomen. The leading edges 
of both of these sheaths eventually develop into 
the rectus abdominis muscles after they meet at 
the anterior midline. The rectus abdominis is 
encased by an aponeurotic sheath which allows 
the two sheets to fuse in the anterior midline, also 
referred to as the linea Alba (Fig. 5.1). The rectus 
muscles have several insertion points including 
the pubic bones inferiorly and the 5th, 6th ribs, 
7th costal cartilages, and the xiphoid process 
superior. The lateral border of the rectus abdomi-
nis is known as the linea semilunaris (Fig. 5.2). 

The pyramidalis muscle, a highly variable group 
of muscles comprising the lower midline muscle 
group, is reported to be present in only 10–70% 
of the population [1]. The fibers of this inconsis-
tent muscle typically course superomedially with 
the inferior origin at the pubic symphysis and the 
superior attachment onto the linea Alba.

The muscle layers that run lateral to the rectus 
abdominus muscle include the external oblique, 
internal oblique, and transversus abdominis 
(Fig. 5.3). These muscle layers are derived from 
the mesoderm and start to form during the 6th 
and 7th weeks of fetal development. The external 
oblique muscle (EOM) runs superficial to the ser-
ratus anterior in the superior margins and superfi-
cial to the internal oblique and the latissimus 
dorsi muscles more inferiorly. Its origins include 
the 5th to 12th ribs and insert unto the linea Alba, 
pubic tubercle, and anteriorly to the iliac crest 
while coursing in an inferomedial orientation. 
The inguinal ligament is the inferior edge of the 
external oblique aponeurosis.

The internal oblique muscle (IOM) runs deep 
to the external oblique and superficial to the 
transversus abdominis muscle (TAM). The IOM 
originates from the thoracolumbar fascia, iliac 
crest, and inguinal ligament and inserts along the 
inferior border to ribs 10–12 and the linea Alba. 
Its fibers course in a superior-medial orientation. 
The lower medial and inferior portion of the 
internal oblique fuses with the transversus 
abdominis aponeurosis to form the conjoint ten-
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a b

Fig. 5.1 (a) Computer tomography cross-sectional (axial) image with white arrow pointing to linea alba. (b) Coronal 
ultrasound of abdomen with white arrow pointing to linea alba

a b

Fig. 5.2 (a) Computer tomography cross-sectional (axial) image with white arrow pointing to linea semilunaris on 
both sides. (b) Cross-section MRI image of abdomen with black arrows pointing to the linea semilunaris on both sides

Fig. 5.3 Anatomy of the musculature of the abdominal 
wall. (A) Rectum abdominis, (B) Transversus abdominis, 
(C) Internal oblique muscle, (D) External oblique muscle, 
(E) Psoas major, (F) Quadratus lumborum, (G) 
Sacrospinalis

don. Furthermore, the internal oblique muscle 
layers are continuous with the cremasteric mus-
cle fibers of the inguinal canal.

The transversus abdominis muscle is the deep-
est of the three muscle layers and runs in a hori-
zontal fashion ventral to the transversalis fascia 
and dorsal to the IOM. The origin of the muscle 
is from the 7th to 12th costal cartilages, thoraco-
lumbar fascia, iliac crest, and lateral aspect of the 
inguinal ligament and inserts onto the linea alba, 
pubic crest, and the pectineal line. The superior 
aspect of the muscle meets with the diaphragm.

The arcuate line is a key anatomic landmark, 
typically found at the level of the anterior superior 
iliac spine (ASIS). Above the arcuate line, the ante-
rior rectus sheath is formed by the aponeurosis of 
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Fig. 5.4 Anatomy of abdominal wall above (top) and 
below (bottom) arcuate line

Modified from “Hernia Surgery: Current Principles, Yuri 
Novitsky, Fig. 28.1 page 300”

the external oblique and the internal oblique mus-
cles while the posterior rectus sheath is formed by 
the aponeurosis of the internal oblique and the 
transversus abdominis aponeurosis. Below the 
arcuate line however only the anterior rectus sheath 
is present, and it is comprised of the aponeurosis of 
the external oblique, internal oblique, and transver-
sus abdominis muscles. Only the transversalis fas-
cia is present posterior to the rectus abdominus 
muslce below the arcuate line (Fig. 5.4).

 Blood Supply
The two main arteries supplying the anterior 
abdominal wall include the superior and inferior 
epigastric arteries. The superior epigastric artery 
originates from the internal mammary (thoracic) 
artery while the inferior epigastric artery origi-
nates from the external iliac artery. In addition to 
those two major arteries, the abdominal wall is 
also supplied by an extensive network of collat-
eral branches of the subcostal and lumbar arter-
ies. The blood supply of the abdominal wall can 
be divided into three main zones, as was 
 previously described by Huger et  al. Zone 1 is 

defined as the vascular region of the upper ante-
rior midline region of the abdominal wall which 
is mainly perfused by the superior epigastric 
artery and the deep inferior epigastric artery. 
Zone 2 is defined as the blood supply to the cau-
dal portion of the anterior abdominal wall which 
is accomplished by four main arteries including 
the superficial inferior epigastric, superficial 
external pudendal, deep inferior epigastric artery, 
and the deep circumflex iliac artery. Lastly, Zone 
3 is the vascular region of the lateral abdominal 
wall which is mainly supplied by the lumbar and 
intercostal arteries which arise directly from the 
aorta (Fig. 5.5).

 Nerves
The innervation of the abdominal wall is segmen-
tal and divided into motor and sensory innerva-
tion. The motor fibers supplying the rectus 
abdominis, external oblique, internal oblique, 
and transversus abdominis originate from the 
anterior rami of spinal nerves from the T6 to T12 
levels. The cutaneous sensory innervation is pro-
vided by the afferent fibers from the T4 to L9 
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Fig. 5.5 Zones of the 
vascular supply of the 
abdominal wall
Modified from “Hernia 
Surgery: Current 
Principles, Yuri 
Novitsky, Fig. 1.7 page 
11”

nerve roots to the levels above the umbilicus. T10 
provides sensory periumbilical innervation. The 
area below the umbilicus is innervated by the T11 
to L1 nerve roots. The skin is directly innervated 
by branches of the intercostal nerves. The lateral 
neurovascular structures travel between the trans-
versus abdominis muscle and the internal oblique 
muscle. This is important to consider when per-
forming a transversus abdominis plane (TAP) 
block (Fig. 5.6).

 Lymphatics
The anterior abdominal wall has two major lym-
phatic drainage systems: the superficial and deep. 
The superficial system drains the skin and the 
subcutaneous tissues, and the deep system drains 
the musculature and bones.

The superficial lymphatic system can essen-
tially be divided by a horizontal line through the 
umbilicus. Above the umbilicus, the skins and 
subcutaneous tissue space drain into the pectoral 
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axillary lymph nodes while some drain into the 
parasternal lymph nodes. Below the umbilicus, 
the superficial structures primarily drain into the 
superficial inguinal lymph nodes.

The deep system, on the other hand, drains 
into three main lymph node basins. The pathway 
following the superior epigastric artery drains 
into the parasternal nodes. The inferior epigastric 
artery pathway drains into the external iliac 
lymph nodes. Lastly, the inferior intercostal and 
subcostal pathways drain into the mediastinal 
lymph nodes (Fig. 5.7).

 Physiology
The muscles of the anterior abdominal wall work 
as a cohesive unit to provide functionality to the 
abdominal wall. Anterior and lateral flexion is 
accomplished by the rectus muscle and the inter-
nal and external oblique muscles. Similarly, the 

Fig. 5.6 Transversus abdominis plane (TAP) block is 
performed by injecting analgesic between the transverses 
abdominis muscle (TAM) and the internal oblique muscle 
(IOM) muscle layers. EOM—external oblique muscle. 
Vishal Uppal, Sushil Sancheti & Hari Kalagara. Current 
Anesthesiology Reports. Current Anesthesiology Reports. 
Springer Nature. 2019

Fig. 5.7 Lymphatic drainage of the anterior abdominal 
wall. Green color shows the drainage of the superficial 
lymphatic system and blue color corresponds to the deep 
lymphatic drainage system

Modified from “Springer Cosmetic Surgery—https://link.
springer.com/chapter/10.1007/978- 3- 642- 21837- 8_4”
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truncal muscles function as a unit to increase 
intra-abdominal pressure, such as during a 
Valsalva maneuver or during forced expiration.

The rectus abdominis muscle’s primary func-
tion is to allow for flexion of the torso. Secondarily, 
it assists in increasing intra- abdominal pressure. 
The pyramidalis muscle also has a small role in 
helping to tense the linea alba; however, its contri-
bution is likely minimal [2]. The lateral muscles 
function as a unit. The EOM muscle assists in flex-
ion and rotation of the trunk and functions to con-
tract the abdominal wall to support the visceral 
contents and confine them in the abdominal cavity. 
Both the IOM and the TAM function in a synergis-
tic fashion to provide circumferential tension on 
the abdomen and along with the EOM, function to 
allow rotation and torsion of the abdominal trunk.

 Important Anatomical Regions

 Space of Bogros and Space of Retzius
The space of Retzius is in the extraperitoneal 
space between the bladder and the pubic symphy-

sis. The space is enclosed by the transversalis fas-
cia and contains connective tissue and fat. The 
region may also contain aberrant pudendal and 
obturator vessels. Furthermore, adequate dissec-
tion of this space may be necessary for appropri-
ate placement of mesh in inguinal and ventral 
hernia repairs. The space of Bogros is another 
important region that lies lateral to the space of 
Retzius and is the extraperitoneal space contain-
ing structures deep to the inguinal ligament. The 
space contains several important structures 
including the femoral vessels and the femoral 
nerve as well as iliopsoas muscle.

 Important Anatomical Triangles 
and Landmarks
Certain anatomical regions are important to con-
sider during operative interventions as they may 
lead to complications and comorbidities that can be 
easily avoided if the anatomy is appreciated. 
“Hesselbach’s Triangle” is located in the lower por-
tion of the posterior abdominal wall. Its boundaries 
include the lateral border of the rectus abdominis 
medially, the epigastric vessels superiorly, and the 

Fig. 5.8 Critical view of the myopectineal orifice
Modified from Springer—Betancourt A., Pena A., Lo 
Menzo E. (2020) Laparoscopic Total Extraperitoneal 
(TEP) Inguinal Hernia Repair. In: Rosenthal R., Rosales 

A., Lo Menzo E., Dip F. (eds) Mental Conditioning to 
Perform Common Operations in General Surgery 
Training. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 91164- 9_38)
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inguinal ligament inferiorly. This region is impor-
tant as it is the region of occurrence of direct ingui-
nal hernias through the external inguinal ring. An 
indirect hernia, on the other hand, occurs lateral to 
“Hesselbach’s Triangle” (Fig. 5.8).

The “Triangle of Doom” is one such region 
that has crucial vasculature and if tacks or staples 
are placed in that region, then there is a higher 
risk for excessive bleeding. The apex of the tri-
angle is the deep inguinal ring. Lateral boundar-
ies are the gonadal vessels and the medial 
boundary is the vas deferens in a male patient or 
the round ligament in a female. The two main 
vascular structures coursing in this triangle 
include the external iliac artery and vein 
(Fig. 5.9).

The “ Triangle of Pain” is another important 
region to consider during laparoscopic hernia 
operation given the potential to cause nerve dam-

age. As in the case of the “Triangle of Doom,” 
the deep inguinal ring is the apex of the triangle. 
Anteriorly, the space is bound by the iliopubic 
tract and posterior-medially by the testicular ves-
sels. The three crucial nerves that course in this 
region include the lateral femoral cutaneous 
nerve (L2-L3), femoral nerve (L2-L4), and the 
femoral branch of the genitofemoral nerve (L1- 
L2) (Fig. 5.9).

 Critical View of Myopectineal Orifice
The critical view of the myopectineal orifice is 
defined as the area that must be visualized for the 
safe placement of a laparoscopic/robotic mesh. 
The concept has been developed by Daes et al. to 
standardize the steps of the exposure to minimize 
complications with laparoscopic inguinal hernia 
repair consisting of nine critical steps [3]. The 
first step involves the identification and dissec-

Fig. 5.9 Pre-peritoneal view of the right inguinal space 
demonstrating “Triangle of Doom” and “Triangle of Pain”
Modified from Springer—Maker V.K., Guzman-Arrieta 
E.D. (2015) Abdominal Wall and Hernias. In: Cognitive 

Pearls in General Surgery. Springer, New  York, NY. 
https://doi.org/10.1007/978- 1- 4939- 1850- 8_8
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tion of the pubic tubercle and Cooper ligament. 
The second step involves dissecting Hesselbach’s 
triangle and removing unusual fat in the area to 
rule out a direct hernia. The third step involves 
dissecting at least 2 cm between the Cooper liga-
ment and the bladder to ensure enough medial 
and inferior space for the mesh to be placed. Next 
is to dissect the femoral space between the 
Cooper ligament and the iliac vessels to rule out 
a femoral hernia. The fifth step is to dissect the 
indirect sac and peritoneum such that the cord 
structure lies flat. Step 6 discusses cord lipomas 
and ensures that they are reduced appropriately 
and remain outside of the mesh. The seventh step 
discusses the lateral dissection and ensuring lat-
eral dissection of the peritoneum beyond the cord 
structures and anterior superior iliac spine 
(ASIS). The eighth step ensures that the mesh is 
placed appropriately covering all the defects and 
that it is fixed above the inter-ASIS line. Lastly, 
step nine is the final placement of fixation of the 
mesh after the previous steps have been com-
pleted with adequate hemostasis ensuring that the 
mesh is flat and not rolling up (Fig. 5.8).

 Imaging

 Overview

Imaging of the abdominal wall is crucial for visu-
alization of both the pathology and the patients’ 
native anatomy, key aspects which need to be 
considered during surgical planning. Imaging 
can be as important as a physical exam and 
patient history and offer vital information regard-
ing previous surgical procedures or mesh place-
ment. The three main modalities that we will 
focus on include ultrasound, computed tomogra-
phy, and magnetic resonance imaging in delineat-
ing the abdominal wall.

 Ultrasound

 Background
The quality of ultrasonography has drastically 
improved with the introduction of high frequency 

and high-resolution probes allowing it to become 
an essential tool in the evaluation of abdominal 
wall hernias. Ultrasonography has several impor-
tant advantages over CT and MRI in that it is 
readily available, cheap, and has negligible radia-
tion exposure. On the other hand, the quality of 
the sonographic imaging is highly dependable on 
the sonographer which permits significant vari-
ability in image quality. Furthermore, an obese 
body habitus also creates problems in visualizing 
the relationship between native anatomy and her-
nia pathology of the abdominal wall [4].

 Technique
The best approach to evaluating the layers of the 
abdominal wall using sonography is using the 
high-frequency (6–12  MHz) linear probes [5]. 
The advantage is that no special preparation is 
necessary, and sterility can be maintained if the 
probe is covered with a sterile plastic sheath. 
When visualizing the abdominal wall layers, it is 
important to ensure that the rectus abdominis 
muscles are clearly demarcated as an initial refer-
ence point. The skin is typically echogenic, the 
subcutaneous layer is hypoechoic while the mus-
cle layers have variable echogenicity with a 
lamellar pattern noted on ultrasound (Fig. 5.10). 
Another approach described by Beck et  al. is 
termed Dynamic Abdominal Sonography for 
Hernia (DASH), which uses a 12  MHz linear 
ultrasound probe to look at 5 locations along the 
abdominal wall to identify small defects [6]. This 
approach is typically more helpful for the visual-

Fig. 5.10 Transverse panoramic scans of the anterior 
abdominal wall show detailed anatomy. RA Rectus 
abdominis, EO External oblique, IO Internal oblique, TA 
Transverse abdominis, LA Linea Alba, LS Linea 
Semilunaris
With permission from Springer—Draghi, F., Cocco, G., 
Richelmi, F.M. et al. Abdominal wall sonography: a picto-
rial review. J Ultrasound 23, 265–278 (2020). https://doi.
org/10.1007/s40477- 020- 00435- 0
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ization of small abdominal wall defects and less 
so for larger defects given the size of the probe.

 Visualization of Different Types 
of Hernias
When attempting to visualize various types of 
hernias, it is crucial to consider certain maneu-
vers to attempt to elucidate the normal and patho-
logic anatomy as best as possible. For example, 
coughing or performing a Valsalva maneuver 
may help visualize the hernia [7]. Furthermore, a 
direct vs indirect hernia may be differentiated 
based on the hernia location relative to the infe-
rior epigastric arteries (Fig. 5.11). Furthermore, 

bowel wall thickening, that may occur due toin-
creased vascularity and obstruction, may be visu-
alized with the help of an ultrasound (Fig. 5.12). 
Ventral hernias can also be recognized with the 
help of ultrasound by visualizing a defect in the 
abdominal wall with a “mushroom-like” appear-
ance, which may contain pre-peritoneal fat, 
omentum, or a loop of bowel (Fig.  5.13). A 
Spigelian hernia may also be identified if there is 
a high suspicion of a hernia at the region of the 
linea semilunaris (Fig.  5.14). Incisional hernias 
may also be identified if there is a concern for a 
focal defect at a prior incision (e.g., laparoscopic 
incision) and will commonly appear as a protru-

a b

Fig. 5.11 The position of the inferior epigastric artery 
(arrow), shown in these color Doppler images differenti-
ates an indirect inguinal hernia (a) and direct inguinal her-
nia (b)

With permission from Springer—Sutaria R.B. (2017) 
Inguinal Hernia. In: Kahn S., Xu R. (eds) Musculoskeletal 
Sports and Spine Disorders. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 50512- 139

b da c

Fig. 5.12 Mesh appearances on ultrasound using high- 
resolution linear probe. Wavy echogenic appearance of 
mesh (arrow) in a post umbilical hernia repair (a). Inlay 
placement of mesh appearing echogenic on ultrasound 
(arrow) (b). Early postoperative ultrasound shows wavy 
echogenic mesh (arrow) made prominent by surrounding 
thin seroma (arrowhead) (c). Mesh migration (arrow) into 
a collection (*) in a post-inguinal hernia repair (d)

With permission from Springer—Patil, A.R., Nandikoor, 
S., Mohanty, H.S. et al. Mind the gap: imaging spectrum 
of abdominal ventral hernia repair complications. Insights 
Imaging 10, 40 (2019). https://doi.org/10.1186/
s13244- 019- 0730- x)

5 Normal Radiographic Anatomy of Anterior Abdominal Wall

https://doi.org/10.1007/978-3-319-50512-139
https://doi.org/10.1007/978-3-319-50512-139
https://doi.org/10.1186/s13244-019-0730-x
https://doi.org/10.1186/s13244-019-0730-x


52

sion of fat content or bowel through a defect in 
the abdominal wall.

 Computer Tomography (CT)

 Background
Computed tomography is an excellent modality 
for evaluating the abdominal wall and visualizing 
different types of hernias [8]. The anatomy of the 
abdominal wall can be clearly appreciated with 
an axial CT (Fig. 5.15) [9]. The key applicability 
of CT scans is for preoperative planning to deter-
mine access points as well as the ability to close 
a potential defect. Along the same lines, it is also 
valuable in recurrent or complex cases where 
extensive dissection may be necessary to achieve 
adequate length. One of the main downsides is 
that it requires the patient to be supine which can 
cause the hernia to spontaneously reduce. 
Furthermore, while the radiation doses have been 
improving, CT is still associated with signifi-
cantly more radiation exposure than its ultra-
sound or MRI counterpart. Interestingly, the 
sensitivity and specificity of CT in detecting 
occult inguinal hernias have been reported to be 
80% and 65%, respectively [10]. While ultra-
sound has been reported to be the first line for 
evaluation for an inguinal hernia, if the clinical 
exam and findings are inconclusive or equivocal, 
it is reasonable to proceed to a CT scan.

 Techniques for Visualization 
of Different Types of Abdominal 
Hernias
Multi-detector CT scan enable detailed assess-
ment of various normal and pathological states of 
the abdominal wall [11]. For example, visualiza-
tion of inguinal hernias allows differentiation 
between a direct and indirect inguinal hernia 
based on the location of the epigastric vessels 
(Fig.  5.16). An umbilical hernia can also be 
appreciated and based on the imaging, we can 
determine if it contains a bowel and whether the 
bowel is edematous and possibly ischemic 

Fig. 5.13 A ventral hernia with a midline defect in the 
linea alba (white open arrow) between the two recti abdo-
minus muscles (white asterisks) with the abdominal fat 
being seen protruding through the defect in a mushroom- 
like configuration
With permission from Ahmed Abdelrahman Mohamed 
Baz, Hatem Mohamed Said El-Azizi, Mohamed Sayed 
Qayati Mohamed & Ahmed Yehia Ibrahim Abdeldayem. 
Egyptian Journal of Radiology and Nuclear Medicine. 
Egyptian Journal of Radiology and Nuclear Medicine. 
Springer Nature. 2019

Fig. 5.14 Spigelian hernia with a bowel loop (open black 
arrows) being seen protruding through an abdominal wall 
defect to be insinuated between the transverses abdomi-
nus (black asterisk) and the internal oblique (white aster-
isk) muscles
With permission from. Ahmed Abdelrahman Mohamed 
Baz, Hatem Mohamed Said El-Azizi, Mohamed Sayed 
Qayati Mohamed & Ahmed Yehia Ibrahim Abdeldayem. 
Egyptian Journal of Radiology and Nuclear Medicine. 
Role of high-resolution ultrasound in the assessment of 
abdominal wall masses and mass-like lesions. Springer 
Nature. 2019
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Fig. 5.15 Axial CT demonstrating the anatomy of 
abdominal wall
With permission from Springer—Mathur R.K., Goyal N. 
(2020) Imaging of Abdominal Wall Hernias. In: Chowbey 

P., Lomanto D. (eds) Techniques of Abdominal Wall 
Hernia Repair. Springer, New Delhi. https://doi.
org/10.1007/978- 81- 322- 3944- 4_4)

Fig. 5.16 Bilateral direct inguinal hernias located medial 
to the inferior epigastric vessels (arrow)
With permission from Springer—Sodhi KS, Virmani V, 
Sandhu MS, Khandelwal N. Multi detector CT Imaging of 
Abdominal and Diaphragmatic Hernias: Pictorial Essay. 
The Indian Journal of Surgery. 2015 Apr;77(2):104-110. 
DOI: 10.1007/s12262-012-0736-9. PMID: 26139963; 
PMCID: PMC4484534.)

Fig. 5.17 Ventral hernia containing multiple loops of 
small bowel
With permission from Springer—Hernia, William 
W.  Hope, William S.  Cobb, Gina L.  Adrales Springer 
pg278 figure 38.5)

(Fig. 5.17). Given the ability to clearly appreciate 
the linea semilunaris, a CT scan also enables the 
diagnosis of Spigelian hernias (Fig. 5.18). In fact, 
CT is considered first-line imaging modality in 
patients with concern for femoral or obturator 
hernias [12]. Several protocols are currently 
available for evaluation of various hernia defects. 
One such approach has been described by Xu 
et al. who developed an anatomical labeling pro-
tocol to characterize ventral hernias and predict 

mesh dimension and the need for mesh bridge 
closure [13].

Emby et al. describe another approach to visual-
izing the anterior abdominal wall using fast helical 
sequence CT imaging. During the scan, the patient 
is asked to take a full breath (full inspiration) in 
supine position while CT images are obtained from 
diaphragm to pubic symphysis. If a bulge is appre-
ciated, it is marked with small metallic skin mark-
ers. The patient is then turned onto their side with 
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Fig. 5.18 Left-sided Spigelian hernia containing loops of 
bowel (arrow) through the linea semilunaris with an intact 
external oblique aponeurosis (red arrowheads)
With permission from Springer—Hanzalova, I., Schäfer, 
M., Demartines, N. et  al. Spigelian hernia: current 
approaches to surgical treatment—a review. Hernia 
(2021). https://doi.org/10.1007/s10029- 021- 02511- 8)

the symptomatic side facing downwards toward the 
table [14]. Another CT is obtained from diaphragm 
to pubic symphysis with the patient performing a 
full Valsalva maneuver. Oral and intravenous con-
trast are optional and are not routinely performed. 
This technique can help with the visualization of 
occult defects, especially in the obese population, 
that could otherwise be missed with a standard 
supine CT with reconstruction. Furthermore, it can 
help exclude suspicious areas of abdominal wall 
thinning that are not true defects.

 Magnetic Resonance Imaging (MRI)

 Background
Magnetic resonance imaging has several nota-
ble advantages including minimal radiation and 

detailed visualization of various tissues and 
their subtle planes [15]. Furthermore, the option 
of having a functional MRI is advantageous as 
it allows patients to perform certain maneuvers 
during imaging, including Valsalva. One of the 
major drawbacks of the modality includes its 
higher cost and the prolonged duration of the 
scan making it difficult to perform images in 
the still supine position. Furthermore, patients 
who are claustrophobic have a difficult time 
remaining still for the prolonged period 
required to obtain adequate MRI images. 
Though “open air” MRIs are an option, their 
limited availability makes access difficult. 
Given the MRI modality level of detail, it may 
also help eliminate other causes of pain that are 
unrelated to a hernia. Another key advantage 
that MRI has over a CT scan is its ability to 
visualize a prosthetic mesh which can be diffi-
cult to visualize on CT [16].

 Technique for Abdominal Wall 
Visualization
While not the first- or even second-line imaging 
modality for the anterior abdominal wall, MRI 
imaging of the abdominal wall can provide 
unique information not appreciated with an 
ultrasound or a CT scan. MRI may assist in dif-
ferentiating an inguinal from a femoral hernia 
with a high positive predictive value [17]. A 
potentially useful sequence when imaging 
abdominal wall hernia is to use coronal 3D 
T1-weighted Volume Interpolated Breath Hold 
(VIBE) without fat  saturation during Valsalva 
maneuver and at rest [18]. Kielar et al. also rec-
ommend adding an axial TSE T2 and Axial 
short Tau Inversion recovery (STIR) and to 
include both groin regions for adequate com-
parison (Fig. 5.19).
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a b

Fig. 5.19 MR image of fat-containing right inguinal her-
nia in T2 axial (a) and coronal (b) views. Note the smaller 
fat-containing left inguinal hernia as well

With permission from Springer—Textbook of Hernia, 
William W.  Hope, William S.  Cobb, Gina L.  Adrales 
Springer pg46 figure 6.3

 Conclusion

When evaluating the abdominal wall several 
modalities are available at the surgeon’s discre-
tion. While initially an ultrasound is an appropri-
ate first step, it is often not sufficient in cases with 
obesity and/or complicated abdominal surgery 
history and distorted planes. CT imaging is an 
appropriate second modality to evaluate abdomi-
nal wall pathology and is often utilized for preop-
erative evaluation and planning. MRI is 
essentially a last resort imaging modality often 
times reserved for cases where a CT is inadequate 
and a strong clinical suspicion remains for 
abdominal wall pathology.
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6Normal Anatomy: Computed 
Tomography Scan

Sean B. Orenstein

 Introduction

The abdominal wall represents a highly orga-
nized conglomeration of varying planes of myo-
fascial tissue that intersect and overlap at specific 
anatomic locations. Having in-depth anatomic 
knowledge of the abdominal wall is crucial for 
successful procedural care and outcomes for her-
nia repair and abdominal wall reconstruction 
(AWR). Computed tomography (CT) imaging 
provides one of the best diagnostic modalities to 
explore both normal and pathologic features of 
the abdominal wall, including various types and 
locations of hernia defects. A robust blood supply 
along with overlying skin and soft tissue help 
maintain integrity of the abdominal wall. Specific 
nuances of the abdominal wall exist that have 
allowed surgeons to take advantage of differ-
ences within each layer, providing a variety of 
planes for mesh prosthetic placement as well as 
myofascial release and advancement. This chap-
ter is designed to review basic normal abdominal 
wall anatomy and such nuances via CT imaging.

 Abdominal Wall Overview

The abdominal wall is primarily composed of 
multiple layers of fascial tissue and muscle. 
There are several ways of reviewing abdominal 
wall imaging, and it can be helpful to organize it 
within several regions to ensure that the entire 
abdominal wall is reviewed without missing 
occult hernias or other pathology. While each 
region consists of one or multiple distinct myo-
fascial groups, there is an overlap of these regions 
at certain anatomic landmarks.

Importantly, regardless of which region is 
being evaluated, there is consistency with the lin-
ing of the abdominal wall. Namely, two distinct 
principal layers exist that line the contours of the 
abdominal wall—transversalis fascia (not to be 
confused with transversus abdominis), along 
with the peritoneum. In between these two layers 
is a layer of adipose tissue aptly named pre- 
peritoneal fat. There is ongoing discovery and 
debate as to these deep layers, with the discus-
sion of two distinct transversalis layers versus 
one layer plus a more membranous pre-peritoneal 
fatty layer. The thickness of pre-peritoneal fatty 
tissue varies from patient to patient, with some 
patients displaying more obvious thick pre- 
peritoneal fat (Fig. 6.1). Preoperative CT imag-
ing evaluation of this layer can help determine if 
a trans-abdominal pre-peritoneal ventral hernia 
repair (TAPP VHR) is appropriate, though intra-
operative examination is the ultimate guide for 
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Fig. 6.1 Pre-peritoneal fat. In magnified view, note the 
separation of the peritoneum (arrowheads) from the rectus 
abdominis (RA) by fat-dense tissue within this pre- 
peritoneal plane

use of this tissue plane. Interestingly, pre- 
peritoneal fat measurements can also be an indi-
cator for coronary and other diseases, though 
studies have typically focused on ultrasound- 
based imaging.

 Radiographic Regions

 Central/Middle Abdominal Wall 
Region

The central, or middle, region consists of the ver-
tically oriented rectus abdominis muscles, sepa-
rated by the linea alba in the midline. Each rectus 
muscle is encased by the anterior and posterior 
rectus sheaths. As discussed in Chap. 5 (Normal 
Abdominal Wall Anatomy), the anterior and pos-
terior rectus sheaths are composed of fused lay-
ers of fascial tissue, with the anterior rectus 
sheath comprising layers of the external oblique 

aponeurosis plus the anterior lamella of the inter-
nal oblique aponeurosis. The posterior rectus 
sheath is comprised of the posterior lamella of 
the internal oblique aponeurosis plus the trans-
versus abdominis aponeurosis. However, this 
anatomy holds true only superior to the arcuate 
line. Inferior to the arcuate line, there is no true 
posterior rectus sheath, as all rectus sheath layers 
lie anterior to the rectus muscle. Instead, only the 
transversalis fascia and peritoneal layers exist 
deep, or posterior, to the rectus muscles inferior 
to the level of the arcuate line. This anatomy is 
significant during a variety of hernia repair types 
including retromuscular repairs as well as pre- 
peritoneal repairs for both ventral and inguinal 
hernia repairs.

The contour and size of the rectus muscles 
vary from person to person. Healthy individuals 
commonly exhibit thick vascularized rectus mus-
cles when seen in axial cross-sections. Above the 
arcuate line, the rectus muscle takes on a sym-
metric fusiform shape (Fig.  6.2a). Whereas, 
below the arcuate line the rectus muscle is nar-
rower, but thicker, and more cup-shaped with a 
deep gap between the bilateral muscles as a result 
of limited containment from lack of a posterior 
rectus sheath (Fig. 6.2b). Conversely, elderly and 
deconditioned patients may demonstrate thinner, 
flatter, and perhaps wider rectus muscles 
(Fig. 6.3).

As they course throughout the abdominal 
wall, certain aspects of the vasculature are seen 
on CT imaging. Principal vessels visualized 
include the inferior and superior epigastric ves-
sels, as well as periumbilical perforators, if robust 
enough. Because these vessels may be encased in 
fatty tissue they can be easily separated from 
adjacent muscular tissue, showing up as notches 
within the rectus muscles (Fig. 6.4).

 Midline

 Linea Alba/Diastasis Recti
The midline consists of a fused composite of fas-
cial tissue from the bilateral anterior and poste-
rior rectus sheaths named the linea alba. This 
thickened white line of fascial tissue varies in 
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Fig. 6.2 Rectus abdominis muscle contour. (a) Above the 
arcuate line the rectus abdominis muscle is a symmetric 
fusiform shape. (b) Below the arcuate line the rectus 
abdominis muscle is narrower but thicker, and more cup- 
shaped as a result of limited containment from the lack of 
a posterior rectus sheath. (RA Rectus abdominis muscle)

Fig. 6.3 Thinner, flatter, wider rectus muscles are com-
monly seen in elderly and deconditioned patients. In this 
patient, the rectus muscles are approximately 10  cm 
wide × 0.8 cm thick. (RA Rectus abdominis muscle)

Fig. 6.4 Epigastric vessel “notching” (arrow) with fat 
wrapping around inferior epigastric vessels. This is not to 
be confused with atrophy of the muscle. (RA Rectus 
abdominis muscle)

thickness and width from person to person. 
Additionally, there is natural non-pathogenic 
width of the linea alba, with a normal space 
between the medial edges of the rectus abdomi-
nis muscles. This gap is more prominent in the 
upper aspects of the linea alba compared to below 
the umbilicus. Pathogenic widening of the linea 
alba, or diastasis recti, can occur de novo (e.g., 
from pregnancy, obesity, etc.), or following surgi-
cal trauma (e.g., laparotomy). Because wide dias-
tasis recti can behave physiologically like a 
ventral hernia, or immediately adjacent to a true 
fascial defect, it is helpful to note the characteris-
tics of the diastasis recti when planning elective 
herniorrhaphy (Fig. 6.5).

 Umbilicus and Epigastrium
Primary umbilical and epigastric hernias are 
quite common, representing approximately 10% 
or more of all primary fascial defects of the 
abdominal wall, with up to 25% of the adult pop-
ulation having an umbilical hernia defect and 
3–5% of the population having an epigastric her-
nia defect. And, while these fascial defects are 
technically pathologic (i.e., true fascial opening 
secondary to failure of linea alba fusion follow-
ing involution of the umbilical vessels, or 
acquired later in life), many of these defects are 
asymptomatic and go unnoticed. Because of the 
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Fig. 6.5 Linea alba. (a) Normal linea alba, with a small 
1 cm width of fascia between medial edges of the rectus 
muscles. (b) Diastasis recti, with widened 5 cm attenuated 
fascia between the medial edges of the rectus muscles. 
(Blue braces  =  linea alba width; RA Rectus abdominis 
muscle)

Fig. 6.6 Umbilical defect. While technically abnormal, 
fat-containing umbilical defects are commonly seen when 
evaluating the abdominal wall midline. These axial and 
mid-sagittal images show a 0.5  cm umbilical defect 
(arrow)

common finding of umbilical defects, as well as 
potential for involvement of such defects during 
hernia repair and other surgical procedures, it is 
beneficial to thoroughly evaluate the midline fas-
cia during routine CT imaging review (Fig. 6.6). 
Many umbilical defects contain only pre- 
peritoneal fatty tissue, while others contain 
omentum or even bowel, with the latter more 
likely sources of symptoms that prompt evalua-
tion and repair.

 Superior Region

Superiorly, key bony landmarks include the 
xiphoid process and costal margins. Besides the 

bony portion of the xiphoid process, cartilagi-
nous extension of the xiphoid process can be 
present and helpful to note, as this protrusion can 
obscure dissection planes superiorly during ven-
tral hernia repair (Fig. 6.7).

Costal margin anatomy plays a role in a vari-
ety of hernia repairs, especially for incisional 
hernias following subcostal (e.g., Kocher inci-
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Fig. 6.7 Xiphoid process. (a) Bony xiphoid process [blue bracket]. (b) Short bony portion [blue bracket] with long 
cartilaginous extension {red brace} of the xiphoid process

sion for open cholecystectomy), chevron (e.g., 
liver transplant), or thoraco-abdominal incisions 
(e.g., trauma, cardiothoracic procedures). 
Important anatomic aspects include angulation of 
the costal margins as well as the proximity of a 
hernia to the costal margin, as this can affect 
defect closure and/or fixation of the mesh.

 Inferior Region

Inferiorly, one should note normal anatomy 
including relationships of the bladder, uterus, 
rectum and sigmoid colon to each other. 
Anteriorly, the retropubic space (i.e., Space of 
Retzius), located between the pubic bone and 
bladder, is commonly utilized for inguinal and 
ventral hernia repairs. The rectus abdominis mus-
cles taper down at their origins to the pubic bone 

and symphysis. Previous pelvic surgery, trau-
matic injury, or radiation therapy can alter nor-
mal anatomic planes anteriorly or deep in the 
pelvis and should be noted on CT scan. Normal 
CT imaging commonly reveals thin fat planes 
adjacent to the aforementioned structures, as well 
as lack of superficial scarring (Fig. 6.8).

Detailed groin anatomy is beyond the scope of 
this chapter. However, it is useful to evaluate for 
inguinal hernias as well as other obvious groin 
pathology, as these can impact concomitant pro-
cedures during hernia repair. It is common to 
visualize some degree of fatty tissue within the 
inguinal canals, especially in males. This fatty 
tissue represents either cord fat, a cord lipoma 
(extension of retroperitoneal fat within the tes-
ticular canal), or a combination of the two, 
regardless of obvious fascial defects suggestive 
of an inguinal hernia (Fig. 6.9).
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 Lateral Abdominal Wall Regions

The lateral region is comprised of a tri-muscular 
complex of muscle layers and their associated 
aponeuroses. This myofascial complex includes 
the external oblique, internal oblique, and trans-
versus abdominis, from superficial to deep. These 
layers are intimately associated with each other 
as well as with the rectus abdominis complex in 
the central region. Importantly, while commonly 
understood more as distinct regions, there is 
some degree of overlap between the lateral and 
central regions which carries significance with 
regard to abdominal wall reconstructive 
techniques.

Origin and insertion of the lateral muscles is 
another key aspect, as the layering can be 
exploited for use in differing hernia repair tech-
niques. For example, the external oblique (EO) 
muscle originates anterior to the lower 5th–12th 
ribs (Fig. 6.10). Because of its anterior location, 

Fig. 6.8 Sagittal view of pelvis. Note clear fat planes in 
the space of Retzius (arrow) between pubic bone (PB) and 
bladder (B), and lack of superficial scarring in the region. 
(U Uterus)

a b

Fig. 6.9 Groin evaluation in axial (top) and coronal 
views (bottom). (a) Normal inguinal anatomy, with rela-
tively smooth contoured tissue planes (blue lines), mini-
mal peri-cord fat, and lack of inguinal hernia defect seen. 

(b) Left-sided cord lipoma seen extending from retroperi-
toneal fat + testicular cord fat (outlined with dashed yel-
low lines). Note: no obvious hernia defect(s) seen on CT
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Fig. 6.10 External oblique (EO; blue) and transversus 
abdominis (TA; orange) and anatomic relationship to the 
ribcage. Note anterior location of the EO to the 7th and 
8th ribs (noted by double asterisks * *), whereas TA lies 
posterior to the ribs. Dashed yellow lines represent cross- 
section in other planes (axial vs sagittal). (RA Rectus 
abdominis, IO Internal oblique; green)

minimally invasive component separation tech-
niques exist that initiate dissection and external 
oblique release above the costal margin, cutting 
down on top of the ribs to reach the external 
oblique muscle and aponeurosis. Medially, the 
EO aponeurosis contributes to the anterior rectus 
sheath.

The internal oblique (IO) muscle and its apo-
neuroses are interesting, in that they contribute to 
both the anterior and posterior rectus sheaths. 
Medially, the IO splits into anterior and posterior 
lamellae, contributing to the anterior and poste-
rior rectus sheaths, respectively. It is this poste-

rior lamella of the IO that is a crucial dissection 
layer during transversus abdominis release (TAR) 
component separation. In this region, neurovas-
cular bundles traverse the abdominal wall 
between the IO and transversus abdominis (TA) 
and emanate towards the lateral aspect of the ret-
rorectus space near the semilunar line (aka linea 
semilunaris). During a TAR procedure division 
of the posterior lamella of the IO gives access to 
the TA muscle for division and myofascial 
release. The aforementioned neurovascular bun-
dles provide a critically important anatomic land-
mark during TAR, with standard TA division 
occurring medial to the neurovascular bundles. If 
proper anatomy is not recognized and dissection 
occurs laterally to the neurovascular bundles, 
injury to the semilunar line layers may occur, cre-
ating iatrogenic semilunar line disruption which 
can be a challenging complication to remedy.

Transversus abdominis (TA) muscle is the 
deepest of the three lateral myofascial layers. 
While the EO originates anterior/superficial to 
the ribs, the TA originates posterior/deep to the 
lower ribs (Fig. 6.10). The clinical significance of 
this lies in the ability to provide wide superior 
mesh overlap well beyond the costal margin dur-
ing AWR procedures. This layer is also the most 
variable with regard to the medial edge of the 
muscle and its relationship near the semilunar 
line (Fig.  6.11). Superiorly, the medial edge of 
the TA muscle extends beyond the semilunar 
line, lying deep to the rectus abdominis. 
Essentially, there is underlap of TA muscle to the 
lateral portion of the rectus abdominis. In the 
central abdominal wall near the level of the umbi-
licus, the medial edge of the TA aligns itself with 
medial edges of EO and IO, with all three layers 
in alignment near the semilunar line. Inferiorly, 
the muscular component of the TA lies much 
more laterally, leaving only the aponeurotic por-
tions present medially.

Knowledge of these anatomic differences can 
help influence how a TAR is performed. TAR was 
initially described in a top-down approach, initi-
ating dissection superiorly by incising the poste-
rior lamella of the IO. This maneuver exposes the 
more medially positioned TA muscle fibers deep 
to the rectus muscle for division and release. As 
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TAR proceeds inferiorly, dissection transitions 
from more muscular division superiorly to strict 
aponeurotic division in the central and inferior 
portions, again, as the muscular portion of the TA 
lies laterally.

 Conclusion

CT imaging of the abdominal wall can readily be 
assessed for preoperative planning for a variety 
of hernia repairs. Reviewing the abdominal wall 
region by region can help streamline the evalua-
tion, with care taken to consider the relationships 
of the various myofascial planes with each other, 
as there is overlap between the different regions. 
Knowledge of normal anatomic planes and tis-
sues and differentiating them from pathologic 
findings, such as hernia defects, with various 
configurations and sizes, greatly aid in determin-
ing an appropriate hernia repair strategy.
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7Normal Anatomy: 
Ultrasonography

Ashley Wercholuk, Andrus Alian, 
and Maria S. Altieri

 Introduction

The clinical diagnosis of hernias may not always 
be straightforward and may require additional 
imaging. Real-time ultrasound can be a potential 
imaging modality, as it is noninvasive, inexpen-
sive, and readily available. However, it can also 
be operator dependent, and thus there is variabil-
ity in terms of sensitivity and specificity. This 
variability may be mitigated by the use of a stan-
dardized method when performing dynamic 
sonography to aid in the diagnosis of a hernia. In 
this chapter, we will examine the general 
approach of ultrasound utilization and review 
normal anatomy of hernias.

 General Approach to Using 
Ultrasound

Ultrasound is a portable, noninvasive, and inex-
pensive imaging modality that facilitates hernia 
diagnosis and reduction in real time. The clini-
cian with training in bedside sonography can use 
ultrasound to streamline the diagnostic work-up 
of abdominal hernias. While the ability to diag-
nose an abdominal hernia by ultrasound is greatly 
influenced by the operator experience, the ability 
to scan patients in both standing and supine posi-
tions as well as during dynamic maneuvers, such 
as Valsalva, gives ultrasound a clear advantage 
over other imaging modalities. In select patients, 
bedside ultrasound has been used in lieu of 
Computed Tomography (CT) scan to evaluate 
both inguinal and abdominal wall hernias. In 
addition, bedside ultrasound has also been used 
to document hernia reduction in real time.

Ultrasound transducers contain piezoelectric 
crystals that vibrate when voltage is applied. The 
crystal vibrations generate sound waves that are 
then directed at tissue. These waves are emitted 
as pulses to allow for the same crystals to “listen” 
for echoes, the reflections of the previously emit-
ted sound waves. These echoes then cause the 
crystals to vibrate again producing electrical sig-
nals that are converted into the images used for 
clinical interpretation.

Ultrasound wave transmission in the human 
body is largely dependent on tissue density. 
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Different tissues will vary in their ability to trans-
mit or reflect ultrasound waves. For instance, 
sound waves travel readily through urine and 
serous fluid without creating echoes causing 
them to appear very dark (hypoechoic) on ultra-
sound images. Dense tissues, such as bone, reflect 
many of the soundwaves creating echoes that are 
received by the ultrasound probe and displayed 
as bright white structures on ultrasound images. 
Therefore, a sonographer can identify distinct 
anatomic structures based on the transmission or 
reflection of ultrasound waves that contact tissues 
with different densities.

Transducer selection should be based on the 
location of the area of interest and the patient’s 
body habitus. A high-frequency (≥12 MHz) lin-
ear probe may be used to view visualize superfi-
cial structures or identify hernias in relatively 
thin patients. To view deeper structures or iden-
tify hernias in obese patients, it might be neces-
sary to use a lower frequency (7–9  MHz) 
curvilinear probe.

 Ultrasound Anatomy: Normal 
Abdomen

When evaluating the groin with ultrasonogra-
phy, begin by identifying the inferior epigastric 
artery. This vessel can be found in the trans-
verse plane behind the rectus abdominis mus-
cle approximately halfway between the 
umbilicus and pubic symphysis. The inferior 
epigastric vessels are the primary landmark 
used to identify Hesselbach’s triangle, which is 
located between the inferior epigastric vessels 
and the lateral border of the rectus abdominis 
muscle (Fig. 7.1). Next, visualize the origin on 
the medial surface of the external iliac artery 
by tracing the inferior epigastric artery inferi-
orly and laterally. Once located, the internal 
inguinal ring can be seen between the medial 
surface of the internal iliac artery and the lat-
eral side of the inferior epigastric artery 
(Figs. 7.2 and 7.3). The probe should then be 
rotated so that it is parallel with the inguinal 

ligament, which will appear as a thin 
hypoechoic band running obliquely from the 
anterior superior iliac spine to the pubic tuber-
cle. This placement allows for the evaluation of 
the groin in a long-axis view. To assess the area 
in a short-axis view, place the probe perpen-
dicular to the inguinal ligament. Placing the 
probe parallel or perpendicular to the inguinal 

Fig. 7.1 Transverse view of abdominal wall layers and 
the inferior epigastric vessels (IE) superior to the inguinal 
canal. PRS posterior rectus sheath; UPF, umbilical preve-
sicular fascia
With permission from Lilly MC, Arregui ME. Ultrasound 
of the inguinal floor for evaluation of hernias. Surg 
Endosc. 2002;16(4):659–662

Fig. 7.2 Transverse view of the right internal ring before 
Valsalva maneuver. Calipers demonstrate the ring. IE, 
inferior epigastric vessels
With permission from Lilly MC, Arregui ME. Ultrasound 
of the inguinal floor for evaluation of hernias. Surg 
Endosc. 2002;16(4):659–662
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Fig. 7.3 Same internal ring as in Fig.  2, after Valsalva 
maneuver with large lipoma
With permission from Lilly MC, Arregui ME. Ultrasound 
of the inguinal floor for evaluation of hernias. Surg 
Endosc. 2002;16(4):659–662

b

a

Fig. 7.4 (a) Inguinal ultrasound at rest and (b) with 
Valsalva. Note separation of external oblique and floor 
with Valsalva. With permission from Young J, Gilbert AI, 
Graham MF.  The use of ultrasound in the diagnosis of 
abdominal wall hernias. Hernia: the journal of hernias and 
abdominal wall surgery. 2007;11(4):347–351

ligament provides better views compared to 
scanning longitudinally and transversely.

If the femoral vessels cannot be identified, 
then the transducer is too lateral and should be 
moved medially.

Once the cord is identified trace it in a superior 
lateral orientation so it is in the transverse plane 
as it travels proximally toward the deep ring. 
Typically, the spermatic cord has a straight path 
with no curve to it. At the deep ring, the cord will 
“disappear” down into the peritoneal cavity, and 
typically it is lost to view. The canal should be 
repeatedly panned in the transverse plane from 
superficial to deep ring, and back again. Straining 
is not required at this stage. With increasing prac-
tice and experience the sonographer will cor-
rectly identify any “extra material” in the canal. 
Dynamic maneuvers can also be used to further 
assess anatomy (Figs. 7.4 and 7.5).

7 Normal Anatomy: Ultrasonography



70

 Ultrasound Anatomy: Indirect 
Hernia

Indirect inguinal hernias are the most common 
type of groin hernia and are congenital in nature 
as they arise from incomplete closure of the pro-
cessus vaginalis, an outpouching of peritoneum 
allowing for embryonic testicular descent. A sim-
ilar process occurs in females, although much 
less frequently, through the canal of Nuck, an 
abnormal patent pouch of peritoneum that 
extends from the round ligament into the labia 
majora through the inguinal canal. These patent 
extensions of peritoneum allow intra-abdominal 
contents to herniate into the inguinal canal 
through the internal (deep) inguinal ring (Figs. 7.6 
and 7.7). The neck of the indirect hernia, which is 
the portion located within the internal inguinal 
ring, lies superior and lateral to the inferior epi-
gastric artery. This contrasts with direct inguinal 
hernias, which lie inferior and medial to the infe-
rior epigastric artery.

b

a

Fig. 7.5 Probe placement for high-resolution ultrasono-
graphic visualization of the iliohypogastric nerve (IHN) 
and ilioinguinal nerve (IIN). (a) The arrow indicates the 
probe movement. The ASIS (black circle) and iliac crest 
(IC) as landmarks. (b). Ultrasonographic image of IIN 
and IHN between the internal oblique (IOM) and trans-
versus abdominus (TAM)
With permission from Konschake M, Zwierzina M, 
Moriggl B, et al. The inguinal region revisited: the surgi-
cal point of view: An anatomical–surgical mapping and 
sonographic approach regarding postoperative chronic 
groin pain following open hernia repair. Hernia: the jour-
nal of hernias and abdominal wall surgery. 
2020;24(4):883–894

Fig. 7.6 Longitudinal ultrasound image showing an indi-
rect inguinal hernia (white arrow) taken in the resting 
position. Short white arrow indicates femoral head
With permission from Alam A, Nice C, Uberoi R. The accu-
racy of ultrasound in the diagnosis of clinically occult groin 
hernias in adults. Eur Radiol. 2005;15(12):2457–2461
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Fig. 7.7 Large left indirect hernia with echogenic bowel 
entering the inguinal canal
With permission from Lilly MC, Arregui ME. Ultrasound 
of the inguinal floor for evaluation of hernias. Surg 
Endosc. 2002;16(4):659–662

Identification of an indirect inguinal hernia 
using ultrasound begins by locating the origin of 
the inferior epigastric artery on the medial sur-
face of the external iliac artery. After the vessel 
has been identified, sweep the ultrasound probe 
proximally by a few centimeters and the internal 
inguinal ring should be found lateral to the exter-
nal iliac vessels. In the short axis, the internal 
inguinal ring that contains the neck of the indirect 
hernia is located between the medial surface of 
the internal iliac artery and the lateral side of the 
inferior epigastric artery. The probe can then be 
oriented obliquely along the inguinal canal to 
look for evidence of herniated contents in the 
long axis. In this view, indirect hernias can have 
two distinct appearances, sliding and non-sliding. 
Sliding hernias have relatively wide necks and 
loss of the angle between the neck and fundus of 
the hernia, which makes them more likely to be 
reducible and contain bowel. In a short-axis view, 
sliding hernias can be identified at the level of the 
internal inguinal ring or within the inguinal canal. 
Non-sliding hernias have relatively narrow necks 
and possess an approximately 90-degree angle 
between the neck and fundus. These usually con-
tain only preperitoneal fat and are frequently 
non-reducible, which makes them much more 
difficult to diagnose on ultrasound as the fat is 

almost isoechoic with the other soft tissue and 
they exhibit little movement with dynamic 
maneuvers.

Another method to identify indirect inguinal 
hernias is to locate the spermatic cord within the 
inguinal canal, which appears as an oval 
hypoechoic structure in its short axis. Follow the 
cord proximally until it can be seen crossing over 
the external iliac vessels and diving down into the 
deep inguinal ring. The hernia contents can be 
found anterior and lateral to the spermatic cord in 
males or the round ligament in females. 
Identifying this relationship can be helpful in dis-
tinguishing indirect from direct inguinal hernias 
in situations where it is difficult to visualize the 
position of the hernia neck in relation to the infe-
rior epigastric vessels. Indirect hernias tend to lie 
anterior and lateral to the spermatic cord. Direct 
hernias tend to lie posterior and medial to the 
spermatic cord.

 Ultrasound Anatomy: Direct Hernia

Direct inguinal hernias are the second most com-
mon type of groin hernia. Unlike indirect ingui-
nal hernias, they are considered to be “acquired” 
as they occur as a result of abdominal wall weak-
ening and chronically increased intra-abdominal 
pressure. Direct inguinal hernias enter the ingui-
nal canal directly through a weakened portion of 
the canal’s posterior wall called Hesselbach’s 
triangle. Hasselbach’s triangle is delimited by the 
inferior epigastric arteries laterally, the lateral 
border of the rectus abdominis muscle medially, 
and the inguinal ligament inferiorly (Fig.  7.8). 
The transversalis fascia in this triangle lacks any 
type of reinforcement which makes the area 
prone to weakness. The neck of direct inguinal 
hernias is usually wide, which makes them less 
prone to incarceration and strangulation.

To identify a direct inguinal hernia using 
ultrasound, begin by identifying Hesselbach’s tri-
angle at the level of the inferior epigastric artery 
origin. Hesselbach’s triangle will appear as a fat- 
filled region between the inferior epigastric ves-

7 Normal Anatomy: Ultrasonography
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Fig. 7.8 Calipers demonstrate margins of a direct hernia
With permission from Lilly MC, Arregui ME. Ultrasound 
of the inguinal floor for evaluation of hernias. Surg 
Endosc. 2002;16(4):659–662

sels and the rectus abdominis muscle. Key 
landmarks to identify this type of hernia include 
the spermatic cord (in males) and the inferior epi-
gastric artery. Direct inguinal hernias are located 
inferior and medial to the inferior epigastric 
artery whereas indirect inguinal hernias lie supe-
rior and lateral to the inferior epigastric artery. A 
direct inguinal hernia will often appear as an 
anterior protrusion of fatty tissue or bowel within 
Hasselbach’s triangle. Larger direct inguinal her-
nias may extend inferiorly and medially within 
the inguinal canal causing compression of the 
canal contents including the spermatic cord in 
males, which is echogenic and often found dis-
placed laterally on ultrasound. A significant por-
tion of small direct inguinal hernias will 
spontaneously reduce in the supine position. 
Therefore, it is essential to perform ultrasound 
examination in both standing and supine posi-
tions and to utilize dynamic maneuvers, such as 
Valsalva and compression.

 Ultrasound Anatomy: Femoral 
Hernia

Femoral hernias occur when abdominal contents 
protrude through the femoral ring into the femoral 
canal and present as a mass below the inguinal 
ligament. The femoral canal is housed within the 
femoral sheath along with the femoral vessels and 

is located medial to the femoral vein and superior 
to the saphenofemoral junction. It is bounded by 
the iliopubic tract superiorly, Cooper’s ligament 
inferiorly, the femoral vein laterally, and the lacu-
nar ligament medially. Most femoral hernias are 
located medial to the femoral vein. However, 
some can appear to be located anteriorly after the 
hernia contents have extended from the medial 
surface. Femoral hernias that truly arise anteriorly 
are rare. Femoral hernias account for 3% of all 
groin hernias and are more common in women, 
having a female-to-male ratio of 10:1. It is 
believed that the elevated intra- abdominal pres-
sure and hormone-induced tissue softening expe-
rienced during pregnancy leads to the increased 
incidence in females. Similar to spigelian hernias, 
femoral hernias usually have narrow necks and 
wider fundi leading to an increased incidence of 
strangulation (22% risk over 3 months and 45% 
risk over 21 months). Femoral hernias can be dif-
ficult to diagnose clinically and distinguishing 
them from an inguinal hernia with physical exam-
ination is not always straightforward. Ultrasound 
has been shown to be highly accurate in distin-
guishing femoral hernias from inguinal hernias 
when performed by experienced technicians.

Examination for femoral hernias should begin 
by aligning the probe in the long axis of the ingui-
nal ligament near the pubic tubercle. Move the 
probe slightly lateral and caudal to the inguinal 
ligament to visualize the femoral artery and vein 
as they pass underneath the ligament and superfi-
cial to the pubic ramus. Identify the femoral ring, 
which is bounded by the inguinal ligament antero-
superiorly, Cooper’s ligament posteriorly, and the 
femoral vein laterally. Be aware that in some 
cases the femoral vein can be compressed due to 
direct compression from the hernia contents. It 
should also be noted that small femoral hernias 
can reduce completely in the supine position. 
Therefore, an ultrasound examination should be 
performed in both supine and upright positions as 
well as during Valsalva maneuvers to increase the 
chances of identification.

For specific details on the method for evalua-
tion of the inguinal canal, please see “Evaluation 
of hernia of the male inguinal canal: sonographic 
method.”
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 Ultrasound Anatomy: Ventral 
Hernia

The anterior abdominal wall is comprised of sev-
eral layers: skin; adipose tissue; myofascial 
plane, which consists of muscles such as the rec-
tus abdominis, external and internal obliques, 
and transversus abdominis; transversalis fascia, 
preperitoneal fat and the parietal peritoneum. 
Figures  7.9 and 7.10 show normal anterior 
abdominal wall anatomy.

 Umbilical Hernias

Umbilical hernias are the result of a widening 
umbilical ring and can occur at any age. During 
infancy, umbilical hernias are caused by failure of 
the umbilical ring to close. These hernias are typi-
cally small and will usually close spontaneously 

by age 2. Those that persist after age 5 are usually 
repaired surgically. During adulthood, umbilical 
hernias develop due to widening of the umbilical 
ring from connective tissue weakness and/or 
chronic increased intra-abdominal pressure. The 
clinical diagnosis of an umbilical hernia is usually 
more straightforward than that for groin hernias. 
However, ultrasound remains a valuable diagnos-
tic tool in certain circumstances such as morbidly 
obese patients with umbilical pain whose body 
habitus impedes hernia detection through palpa-
tion. It should be noted that in obese patients, the 
location of the umbilical ring is often much more 
superior than expected as the umbilicus in these 
patients migrates inferiorly with weight gain. 
Sonographic evaluation of umbilical hernias is 
done in a manner similar to what is done for epi-
gastric hernias. The use of dynamic maneuvers 
should be included in the evaluation as well. 
Figure 7.11 is an example of an umbilical hernia 
with fat protruding through the fascia (circle).

 Epigastric and Hypogastric Hernias

Epigastric and hypogastric hernias are anterior 
abdominal wall hernias that occur through the 

Fig. 7.9 Normal anterior abdominal wall anatomy
Ultrasound panoramic image of the anterior abdominal 
wall. RA Rectus abdominis, EO External oblique, IO 
Internal oblique, TA Transversus abdominis, LA Linea 
alba, LS Semilunar line
With permission from J Ultrasound. 2020 Sep; 23(3): 
265–278

Fig. 7.10 Normal lateral abdominal wall anatomy. The 
external oblique (EO), internal oblique (IO), and transver-
sus abdominis (TA) muscles extend from the lateral edge 
of the rectus to the flanks with three overlapping layers

Fig. 7.11 Umbilical hernia. Note far (within circle) pro-
truding through the defect in the fascia
With permission from Young, J., et  al. “The Use of 
Ultrasound in the Diagnosis of Abdominal Wall Hernias.” 
Hernia: The Journal of Hernias and Abdominal Wall 
Surgery, vol. 11, no. 4, 2007, pp.  347–351. h t t p s : / /
d o i . o r g / 10.1007/s10029-007-0227-2
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linea alba. Epigastric hernias occur superior to 
the umbilicus and are much more common than 
hypogastric hernias, which occur below the 
umbilicus. This is because the linea alba is longer 
and wider above the umbilicus. As with most 
other hernias, prolonged increased intra- 
abdominal pressure contributes to the weakening 
of the linea alba and development of an epigastric 
or hypogastric hernia. In most individuals, the 
linea alba consists of three layers of interwoven 
fibers from the anterior and posterior sheaths of 
the rectus muscles. However, some individuals 
may only have a single layer of interwoven fibers 
which makes them predisposed to developing 
diastasis recti or an epigastric hernia. Diastasis 
recti typically presents as an anterior bulge that 
extends from the xiphoid process to the umbili-
cus. This contrasts with epigastric hernias, which 
will usually present as a more localized midline 
bulge. Both epigastric and hypogastric hernias 
tend to be small, contain preperitoneal fat, and 
have narrow necks, which make them more prone 
to strangulation. Epigastric and hypogastric her-
nias that are located very near the umbilicus are 
sometimes referred to as “paraumbilical” or 
“periumbilical” hernias. These hernias have a 
particularly high risk of becoming strangulated.

Epigastric hernias can be best evaluated using 
a 10–12 MHz linear transducer probe as they are 
usually quite superficial. Small epigastric hernias 
and those present in relatively thin patients can be 
missed if a low-frequency probe is used and 
focused too deep. The linea alba is identified and 
appears as a thick, well-defined hyperechoic 
structure. Most defects within the linea alba 
occur at the midline and appear hypoechoic or 
isoechoic compared to the intact linea alba. The 
entire length of the linea alba should be assessed 
using the ultrasound as patients with a known 
epigastric hernia or diastasis recti are at an 
increased risk for having multiple hernias.

 Incisional Hernias

Incisional hernias can occur anywhere on the ante-
rior abdominal wall where an incision has been 
made. This includes areas where hernias cannot 

naturally occur, such as through muscles and bel-
lies. Even small surgical scars, like those used for 
placement of laparoscopy ports, can lead to an inci-
sional hernia. The scar produced by the incision 
can be stretched or torn, which creates the opportu-
nity for a hernia to develop. Hernias created from 
stretching of the scar are more likely to possess 
wide necks and thus be more reducible compared 
to those made from tearing of the scar. These her-
nias may be too small for clinical detection, but can 
be identified using ultrasound evaluation focused 
on the site of a previous incision. Figure 7.12 repre-
sents an incisional hernia with bowel loops pro-
truding through the abdominal wall.

 Ultrasound Anatomy: Obturator 
Hernia

Obturator hernias are rare hernias that occur 
within the obturator canal, which is formed by 
the ischium and pubic bone. The obturator mem-
brane covers the canal and over time becomes 
weakened leading to enlargement of the canal 
and the development of a hernia sac. Bowel 
within the hernia can become incarcerated and 

Fig. 7.12 Incisional hernia. Ultrasonography shows 
bowel loops (A: caliper) through a defect (B: caliper) of 
the abdominal wall
With permission from J Ultrasound. 2020 Sep; 23(3): 
265–278
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cause compression of the obturator nerve, which 
can present as anteromedial thigh pain (Howship- 
Romberg sign). Patients with obturator hernias 
are usually elderly and frequently present with 
complete or partial bowel obstructions. Delayed 
recognition has been related to high morbidity 
and mortality. These hernias are usually diag-
nosed using CT scan, which has made it easier to 
visualize an incarcerated obturator hernia in the 
pelvis. However, it has been shown that they can 
also be identified and reduced using ultrasound.

To identify an obturator hernia, place a high- 
frequency linear transducer in the transverse 
plane on the medial aspect of the upper thigh cau-
dal to the inguinal ligament to identify the com-
mon femoral vessels. Once the vessels have been 
identified, move the probe medially to locate the 
pectineus muscle. This muscle courses lateral 
and caudal from the medial surface of the supe-
rior pubic ramus, which can be easily visualized 
in the sagittal plane. The pectineus muscle is 
often atrophied in elderly patients making it dif-
ficult to identify on ultrasound. The superior 
pubic ramus, which forms the superior border of 
the obturator foramen, can serve as a more reli-
able landmark. An incarcerated hernia can be 
seen dorsal to the pectineus muscle and caudal to 
the superior pubic ramus. If identified, reduction 
can be attempted with graded compression using 
the ultrasound probe.

 Ultrasound Anatomy: Spigelian 
Hernia

Spigelian hernias occur secondary to a defect in 
the spigelian fascia, which consists of the inter-
nal oblique and transversus abdominis aponeu-
roses and is bordered by the rectus muscle 
medially and semilunar line laterally. These her-
nias can occur at any point along the spigelian 
fascia but are almost always found at or below 
the arcuate line where the posterior rectus sheath 
is absent, and the inferior epigastric vessels 
pierce the spigelian fascia causing an area of 
weakness. The internal oblique and transversalis 
muscle fascia begin to separate into two layers at 
the level of the arcuate line, which also contrib-

utes to the weakness of this area. Spigelian her-
nias are generally small, measuring 1–2  cm in 
diameter, anvil/mushroom-shaped with narrow 
necks and broad fundi. This shape is caused by 
the configuration of fascial defects that are typi-
cally seen with spigelian hernias. The fascia of 
the transverse abdominis muscle is always torn 
while the fascia of the external oblique muscle 
remains intact. The internal oblique fascia is 
usually torn as well. The intact external oblique 
fascia causes the herniated contents to extend 
over the rectus muscle medially or the external 
oblique laterally. The hernia sac may contain 
omentum, small bowel, or colon.

Patients typically present with localized pain 
overlying the hernia which can be accompanied 
by an intermittently palpable bulge. However, 
clinical diagnosis of a spigelian hernia is diffi-
cult as a mass is not usually felt given that the 
hernia is present beneath the intact external 
oblique fascia. Therefore, ultrasound used in 
combination with clinical examination may aid 
in diagnosis. To facilitate identification of a spi-
gelian hernia, place the ultrasound probe on the 
lower one-third of the rectus muscle and identify 
the inferior epigastric vessels coursing vertically 
underneath the rectus. Trace the inferior epigas-
tric vessels in their short axis proximally until 
they pierce the spigelian fascia at the level of the 
arcuate line. From here, the probe should be 
moved laterally in the transverse plane to view 
the aponeuroses of the external oblique, internal 
obliques, and transversus abdominis. The spige-
lian fascia can be found between the lateral mar-
gin of the rectus and the semilunaris line, which 
is at the level of the myotendinous junction of 
the transversus abdominis. The spigelian fascia 
at the level of the arcuate line should then be 
thoroughly examined for the presence of a 
defect. If the suspected hernia is not seen, the 
entire spigelian fascia should be inspected dur-
ing the Valsalva maneuver to assist in detection. 
Compression maneuvers with the ultrasound 
probe may be performed to evaluate hernia 
reducibility. If a spigelian hernia is identified, 
surgical repair is recommended as the presence 
of a narrow neck predisposes these hernias to 
incarceration (17–24% of cases).
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 Conclusion

Real-time dynamic ultrasound has proven to be 
an invaluable tool in the diagnosis and character-
ization of groin and abdominal wall hernias. The 
ability to scan the patient in both supine and 
upright positions, as well as the use of dynamic 
maneuvers (Valsalva and compression) give 
ultrasound the advantage over other popular 
imaging modalities such as CT and MRI. When a 
hernia is identified using dynamic ultrasound, the 
operator should note the type and size of the her-
nia, its contents, and the ability to reduce the her-
nia. Furthermore, the sonographic evaluation 
should be extended to identify any additional her-
nias as patients with one hernia frequently have 
multiple hernias. Beyond initial diagnosis, 
dynamic ultrasound has shown to be useful in the 
postoperative period when assessing mesh posi-
tion and hernia recurrences.
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8Normal Anatomy: Magnetic 
Resonance Imaging

James H. Birkholz

 Why MR Imaging?

While CT and ultrasound remain the mainstays of 
initial abdominal wall imaging [1, 2], MR has 
limited, but specific applications. With CT, the 
patient is interposed between an X-ray tube and 
several detectors on the opposing side of the tube. 
When imaging commences, the ionizing X-ray 
beam energy penetrates the patient, impacts the 
digital detectors on the opposite side, and the 
resultant data is then processed into images. 
Tissue characterization via CT is generally lim-
ited to the measurement of density in the form of 
Hounsfield units (HU). With this method, a spe-
cific volume of the image data is selected and the 
tissue density can be calculated based on X-ray 
beam penetrance. Lower density regions such as 
air and fat will have low HU values, while denser 
structures such as bone and contrast will demon-
strate significantly higher HU values. With the 
assistance of iodinated intravenous contrast, mul-
tiphasic (unenhanced, enhanced, delayed phase) 
CT can also be performed, allowing for additional 
structural characterization. While CT offers excel-
lent spatial resolution and some tissue character-
ization, it is dependent upon physical density and 
X-ray beam attenuation [3]. In contrast, MR 
imaging relies upon the native proton density and 

alignment within tissues to create images [4]. 
Differing structures have varied proton density 
and orientation. While water and fat are both pro-
ton dense, the arrangement and ratio of the pro-
tons differ between the two. Different tissues react 
differently during MR image acquisition and 
therefore yield a more diverse tissue palette when 
compared with CT and ultrasound. Therefore, 
MR allows for a more nuanced delineation of tis-
sue types, an asset upon which specific MR exam 
types (or “protocols”) capitalize in various ways. 
While muscle may appear “hypointense” or dark, 
fluid will appear “hyperintense” or bright depend-
ing on the sequence (Fig. 8.1).

Some MR imaging protocols seek to maxi-
mize conspicuity of water-containing structures, 
intra- or extra-cellular fat [5] (Figs. 8.2 and 8.3).

Other sequences actively utilize post-process-
ing computing for the specific removal of certain 
tissue signals from the final image, and still oth-
ers optimize the visualization of iron, as can be 
seen in the setting of hemochromatosis (Figs. 8.4, 
8.5, 8.6, 8.7, and 8.8).

Collectively, the myriad imaging options allow 
for greater lesional and tissue characterization 
when compared with alternate modalities. During 
imaging of the abdominal wall, this allows for the 
differentiation of hemorrhage from simple fluid, 
lesions from muscular derangements, and more 
[6–10]. An example of this unique ability of MR 
can be appreciated in Figs.  8.9, 8.10 and 8.11, 
which demonstrate the presence of an endometri-
osis implant within the anterior abdominal wall.
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Fig. 8.1 T2-weighted coronal survey view of the abdo-
men. Note the hyperintense (bright) signal of subcutane-
ous fat as well as that of fluid within the stomach and 
bowel (stars). Abdominal wall and lower extremity mus-
culature are relatively hypointense (dark, arrows)

Fig. 8.2 T1-weighted in-phase axial image through the 
liver demonstrating indeterminate low-signal masses 
(arrows). In/out-of-phase imaging relies on different reso-
nant frequencies between water and fat in the same 
voxels

Fig. 8.3 T1-weighted out-of-phase axial image through 
the liver demonstrating diffuse signal loss compatible 
with hepatic steatosis. In the presence of microscopic fat, 
the fat and water signals cancel one another out, yielding 
hypointense signal

Fig. 8.4 Axial CT image through the level of the liver is 
unremarkable in this patient

Fig. 8.5 Axial T2 image through the level of the liver 
demonstrates a markedly low hepatosplenic signal (stars) 
when compared to the musculature (arrows)
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Fig. 8.6 Axial T2 fat-suppressed image through the level 
of the liver demonstrates the same findings as Fig.  8.5 
with the additional benefit of suppression of the fat signal, 
providing extra information

Fig. 8.7 Axial T1-weighted in-phase imaging through 
the liver demonstrates low hepatosplenic signal

Fig. 8.8 Axial T1-weighted out-of-phase imaging 
through the liver demonstrates relatively increased signal 
of the liver and spleen relative to the in-phase imaging in 
Fig. 8.7

Fig. 8.9 Coronal T2 image of the ventral abdominal wall 
demonstrates a low-signal focus in the left lower quadrant 
(arrow) in this patient with a history of prior cesarean sec-
tion and intermittent abdominal pain. The low-signal 
transverse postoperative scar can be seen in the right 
lower quadrant (arrowhead)

Fig. 8.10 T1-weighted axial image through the same 
region demonstrates an indeterminate, intermediate signal 
lesion (arrow) within the subcutaneous operative scar

8 Normal Anatomy: Magnetic Resonance Imaging
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Fig. 8.11 Gadolinium-enhanced T1-weighted, fat- 
suppressed axial image through the lesion (arrow) demon-
strates enhancement. Collectively, the findings are 
compatible with endometriosis deposition within the 
operative incision site in the abdominal wall

 How Are MR Images Obtained?

While a comprehensive understanding of MR 
physics is beyond the scope of this chapter, some 
basic ideas will be explored. With MR, no 
 ionizing radiation is utilized. Therefore, MR 
serves as a viable alternate modality when ioniz-
ing radiation- based imaging (conventional radi-
ography, CT) is clinically undesirable, as may be 
the case during pregnancy, childhood, or in 
patients for whom prolonged imaging surveil-
lance is anticipated. With MR, the patient is 
placed in a large, cylindrical magnetic bore which 
bidirectionally aligns all of the protons within the 
patient’s tissues. That is to say, the protons do not 
all align in one common direction, but align along 
one axis in parallel and anti-parallel directions 
[4]. The magnet is always on with rare exception 
for maintenance or emergency (e.g., quenching). 
In general, unlike CT, each image is formed indi-
vidually. During each image acquisition, radio-
frequency (RF) signals are transmitted from the 
machine into the patient (transmitter bandwidth), 
disrupting the protons out of their temporary 
alignment. The precise frequency necessary to 
optimally engage the protons can be predicted via 
the Larmor equation, expressed as ω0=ƔB0, in 
which ω0 is the precession frequency (how a pro-
ton “spins”), B0 is the magnetic field strength in 
Tesla, and Ɣ is the gyromagnetic ratio [4]. As the 

protons then relax back to their native state, the 
energy they emit in doing so is detected by the 
machine (receiver bandwidth) [11]. These signals 
fill in the “k-space,” or raw data matrix. Each 
point in the k-space has a specific phase (spatial 
location) and signal intensity (brightness) [5, 12]. 
Typically, via Fourier transform, the data is then 
processed into discrete, viewable images. 
Therefore, with MR, each image “slice” on a 
workstation represents the result of serially 
acquired data and the whole target volume then 
reflects multiple image “slabs” or slices obtained 
one section at a time. These may be acquired in 
virtually any pre-planned plane, typically utiliz-
ing axial, coronal, and sagittal planes.

A basic understanding of MR also includes 
recognition of the difference between “T1” and 
“T2” weighted imaging. The time from when a 
radio pulse enters the patient and returns to the 
receiver is called “time to echo” or TE.  The 
time between pulses is referred to as “time to 
repeat” or TR. Rapid sequences utilizing short 
TE and TR are referred to as “T1” weighted, as 
they chiefly capitalize upon the time during 
which protons return to their baseline align-
ment in the magnetic field. Sequences utilizing 
longer TE and TR are referred to as “T2” 
weighted, and address the time during which 
protons either equilibrate or go out of phase 
with one another. For those not formally trained 
in image production or interpretation, an easy 
way to remember T1 and T2 sequences is that 
the former will display water and fat as dark 
and bright, respectively, and the latter will dis-
play both water and fat as bright, or hyperin-
tense (Figs. 8.12 and 8.13).

Other sequences use varying TE and TR to 
create more complex tissue assessment, such as 
T2*, gradient sequences, or fluid attenuation 
inversions recovery (FLAIR).

“Resolution” is the ability to distinguish one 
structure from another [3, 11]. While CT offers 
excellent spatial resolution, MR resolution can be 
tailored to the situation. Decreasing the size of 
pixels in a generated image will require longer 
scanning time, but will produce a final image 
with better resolution, as can be appreciated in 
Fig. 8.14, which clearly illustrates the extent of 
disease due to a T4 rectal carcinoma.
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Fig. 8.12 Axial T1 image through the abdomen. Note the 
hypointense (dark) signal within the cerebrospinal fluid 
(arrowhead) and gastric contents (star)

Fig. 8.13 Axial T2 image through the abdomen. Note the 
hyperintense (bright) signal within subcutaneous fat 
(stars) and within fluid-containing structures such as cere-
brospinal fluid and the urinary collecting system (arrows)

Fig. 8.14 High-resolution, T2-weighted axial image 
through the pelvis for the purpose of rectal carcinoma 
staging. The higher resolution allows for precise delinea-
tion of disease extent, in this case a T4 rectal carcinoma 
(arrow) with involvement of the adjacent uterus 
(arrowhead)

Fig. 8.15 Axial diffusion weighted imaging (DWI) 
through the level of the liver demonstrating hyperintense 
(bright) territory within the liver (star)

In contrast, increasing pixel size will decrease 
imaging time but result in relative image degra-
dation. In addition, when the number of excita-
tions or instances in which the tissue is sampled 
by the machine (“NEX”) is increased, this results 
in a higher signal image at the expense of longer 
scanning time. Therefore, when selecting the 
means by which MR images are obtained, opera-
tors must balance the competing aspects of spa-
tial resolution, scanning time, and reduction of 
possible motion artifact [13]. MR examinations 
inherently require more exam time and attention 
to preexamination planning, the latter of which is 
frequently referred to as a “protocol.” While spe-
cific MR protocols may target the presence of 
water or fat in tissue, others may be designed to 

evaluate for the movement of protons in tissue 
(diffusion-weighted imaging) as a reflection of 
underlying Brownian motion, which can help 
identify highly cellular or edematous tissue [14] 
(Figs. 8.15 and 8.16).

MR protocol “sequences” utilize specific 
radio frequencies and patterns to evaluate differ-
ing tissue types and to answer various clinical 
questions. While CT allows for significant image 
post-processing, the targeted nature of MR image 
acquisition is less forgiving. As below, some 
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sequences necessitate specific protocols at the 
time of imaging, while others allow for 
 post- imaging processing, such as the removal or 
“saturation” of fat from some images after they 
are formed (Fig. 8.17).

 MR Sequences and Protocols

Given the innumerable clinical indications for 
MR imaging, there is an expected plethora of pro-
tocols available [5]. These vary according to 
equipment manufacturer, magnet strength, 
national imaging guidelines, and even local or 
individual operator preferences. In general, proto-
cols for the evaluation of the abdomen or abdomi-
nal wall typically include some common basic 
sequences. Studies will include several “scout” or 
limited T1-based orientation images, which assist 
technologists in the selection of appropriate imag-
ing planes. Following these rapid non-diagnostic 
images, abdominal imaging exams include a cor-
onal T2 weighted survey view of the abdomen, 
extending from the lung bases to the pelvis. The 
coronal images provide a “bird’s eye view” of the 
abdomen and can be useful in the identification of 
muscular interruption and characterization of her-
nia contents. These are then followed by axial T1 
weighted images, typically “in-phase” and “out of 
phase,” as well as T2 and fat-suppressed T2 axial 
images. These sequences allow for the assessment 
of fluid, blood, or fatty processes within hernias. 
In addition to these baseline images, higher reso-
lution images may be obtained depending on the 
specific exam protocol, such as targeted examina-
tion of the inguinal region (Figs. 8.18 and 8.19).

Fig. 8.16 The apparent diffusion coefficient map (ADC) 
demonstrates a corresponding region of hypointense 
(dark) signal in the same territory (star) as seen in 
Fig. 8.15, compatible with restricted diffusion, worrisome 
for infarction

Fig. 8.17 Coronal T2 fat-suppressed image through the 
abdomen. Note the low signal throughout the intra- and 
extra-abdominal fat as a result of suppression of the fat sig-
nal. This allows for the characterization of fat versus fluid

Fig. 8.18 Axial T2-weighted image through the pelvis 
indicates the presence of a fat-containing left inguinal her-
nia (arrow)

J. H. Birkholz



83

Fig. 8.19 Sagittal T2-weighted image through the pelvis 
indicates the presence of a fat-containing left inguinal her-
nia (arrow)

Fig. 8.20 Gadolinium-enhanced, fat-suppressed 
T1-weighted image through the same liver is shown in 
Figs.  8.15/8.16. The large region of low (dark) signal 
within the liver corresponds with the region of restricted 
diffusion on prior images and is compatible with infarct. 
Note the diffusely low signal of fatty structures as a result 
of the fat-suppression technique

Fig. 8.21 Coronal T2-weighted image through the ven-
tral abdominal wall illustrates the rectus abdominis mus-
culature (stars)

Fig. 8.22 Sagittal T2-weighted image through the ven-
tral abdominal wall illustrates the rectus abdominis mus-
culature (arrow)

Post-enhancement, T1-weighted axial images 
may then be obtained to evaluate for inflamma-
tory changes, vascular patency, or neural involve-
ment (Fig. 8.20).

These are commonly followed by “subtrac-
tion” images, in which a baseline T1 image is 
subtracted from the enhanced T1 image, leaving 
only the data that reflects enhancing regions in 
the field of view. Depending on the specific clini-
cal question, additional sequences may be 
obtained, bearing in mind that these will prolong 
exam time. Below are several images reflective of 

the various common MR sequences one may 
encounter during assessment of the abdominal 
wall (Figs. 8.21, 8.22, 8.23, 8.24, 8.25, and 8.26).
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Fig. 8.23 Sagittal T2 image at the midline clearly delin-
eates a normal umbilicus (arrow) and linea alba 
(arrowheads)

Fig. 8.24 Coronal T2-weighted image through the ven-
tral abdominal wall demonstrates the internal oblique 
(arrows) and rectus abdominis musculature (star)

Fig. 8.25 Axial T2-weighted image through the pelvis 
demonstrates herniation of the urinary bladder into the left 
inguinal canal (arrow)

Fig. 8.26 Coronal T2 image through the pelvis reveals a 
fat (star) and sigmoid (arrowhead) colon containing left 
inguinal hernia

 MR Contrast

MR contrast and signal intensity are dependent 
upon various properties of tissues. As previously 
discussed, protocols may be tailored to maximize 
inherent soft tissue contrast. In most instances, 
unenhanced MR imaging will suffice for the 
evaluation of abdominal and pelvic hernias. Fat, 
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fluid, muscle, and bowel can readily be distin-
guished from one another. However, some situa-
tions require additional information regarding 
vascular patency, lesional characterization (i.e., 
enhancing endometriosis deposit in the abdomi-
nal wall), inflammatory processes (e.g., abscess), 
or assessment of tissue perfusion [10, 15, 16] 
(Figs. 8.20 and 8.27).

In those scenarios, intravenous contrast may 
be administered for improved tissue contrast 
delineation. While contrast agents can be classi-
fied into extra-cellular, hepatobiliary, reticuloen-
dothelial, blood-pool, and mixed types, the most 
broadly used are gadolinium-derived agents [17]. 
These are paramagnetic substances that shorten 
the spin-lattice relaxation time within voxels dur-
ing imaging, resulting in a “brighter” T1 signal 
[18, 19]. During the evaluation of hernias, con-
trast may be of use in establishing patency of 
involved vasculature, presence or absence of 
nerve involvement, or viability of bowel. 
Gadolinium-based agents are typically injected at 
a dose of 0.1–0.2  mmol/kg [18]. While nearly 

6,000,000 gadolinium-enhanced exams are per-
formed annually, the use of contrast is not entirely 
without risk. While the incidence of allergic reac-
tion to gadolinium-based agents is lower than 
that of iodinated CT contrast agents at approxi-
mately 0.07–2.4% [18]. Specific gadolinium 
agents carry the rare but potentially debilitating 
risk of nephrogenic systemic fibrosis (NSF) [20]. 
With a reported incidence of 0.02–0.4% [20], this 
is a poorly understood process in which patients 
with diminished renal function and gadolinium 
exposure develop diffuse connective tissue fibro-
sis involving the skin and subcutaneous tissues 
[21]. This multisystem sclerosis may progress to 
involve the musculature, pericardium, dura, and 
pleura, resulting in debilitating harm to patients. 
Due to new guidelines increased awareness, 
screening of at-risk populations, and risk stratifi-
cation of the specific agents, there has been a sig-
nificant decrease in the occurrence of NSF [22]. 
Other relative contraindications for contrast 
include the gravid patient, as the fetal risk has not 
been clearly elucidated though consideration 
may be given to emergent use if clinically neces-
sary [17, 18, 22]. Other agents are available, 
including hepatobiliary-specific agents which are 
taken up and excreted by hepatocytes, allowing 
for more detailed evaluation of the biliary tree 
and of specific liver masses. Contrast selection is 
based on the clinical question to be answered 
and, in the setting of abdominal wall hernia eval-
uation will typically be addressed by the use of 
gadolinium-based agents, if necessary.

 MR Challenges and Limitations

The manner in which MR images are created is 
inextricably linked with several limitations.

While CT imaging takes seconds for acquisi-
tion, MR exams may take 30–90  min to com-
plete, rendering the modality both less accessible 
and tolerable for patients. Additionally, as MR 
is more reliant on the sequential and serial pro-
duction of images, it is more prone to motion 
artifact, which may occur due to baseline physi-
ologic changes (blood flow, ureteral jets, cere-
brospinal fluid shift) or uncontrolled patient 

Fig. 8.27 Coronal post-enhancement fat-suppressed 
T1-weighted image demonstrating the superficial inferior 
epigastric vessels (arrowheads)
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motion (e.g., Parkinson’s disease, altered mental 
status) (Fig. 8.28).

For example, in the time it takes to produce a 
single axial image through a vascular structure, 
the intraluminal material has already passed 
beyond the image plane. Accordingly, there is a 
signal void on the final image as the intravascular 
blood has already passed beyond the imaging 
plane, with a resultant loss of signal to the MR 
receiver. Consequently, there is no data within this 
location on the final image. While different MR 
exam protocols can mitigate or exacerbate the 
time-sensitive nature of the process, the underly-
ing paradigm remains sensitive to motion. This is 
of obvious importance during imaging of the 
abdomen for the evaluation of hernia (Fig. 8.29).

The time and motion-sensitive nature of MR is 
of particular relevance in the obtunded or pediat-
ric populations, at times necessitating associated 
sedation or anesthesia. Available MR sequences 
utilize patient breath-holding techniques to main-
tain smooth images and mitigate motion artifacts. 
While these rely upon patient cooperation, 
respiratory- gated imaging utilizes feedback from 
a sensor about the patient’s thorax to time image 
acquisition relative to their respiratory cycle.

Technical and patient parameters can also 
limit MR access and utility. Obese patients may 
not fit within the magnet bore [13, 23]. It is esti-
mated that 2.3% of all MR patients are claustro-
phobic and that annually 2,000,000 patients 
worldwide are unable to undergo MR imaging as 
a result of such [24]. In addition, the vast array 
of implanted hardware and personal medical 
devices requires close scrutiny to ensure MR 
compatibility. Lack of MR compatibility may be 
on the basis of potential device malfunction 
(e.g., interrupted cardiac pacing), component 
migration, or a component heat-sink effect. In 
some instances, devices may simply malfunction 
in the magnetic field (i.e., specific cardiac pace-
makers/AICDs, cochlear implants). In others, 
though a device or surgical hardware may retain 
functionality, the metallic components result in 
significant “signal loss” and local field distor-
tion, rendering portions of the image uninterpre-
table (Fig. 8.30).

In the setting of abdominal wall evaluation, 
this is less common, though surgical clips or 

Fig. 8.28 Axial T2-weighted image through the pelvis 
demonstrates loss of signal (dark) foci within the urinary 
bladder as a result of fluid shift within, typically related to 
ureteral jets

Fig. 8.29 Axial post-enhancement fat-suppressed 
T1-weighted image demonstrating respiratory motion 
artifact, as is manifested by the striated appearance in the 
anteroposterior plane (arrowheads)

Fig. 8.30 Axial T2 image through the level of the pelvis 
demonstrates significant signal loss bilaterally due to 
bilateral hip arthroplasty hardware (stars)
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Fig. 8.31 Axial proton density image at the approximate 
level of the knee demonstrates multiple circular images 
posteriorly (arrowheads), compatible with pulsation arti-
facts from adjacent vessels (arrow)

Fig. 8.32 Radiograph of the orbits demonstrating the 
presence of a metal eyelid spring projecting over the left 
orbit (arrow)

implanted pumps may cause artifacts within the 
more superficial abdominal structures.

Additional MR artifacts are omnipresent as 
well, ranging from mild resultant image degrada-
tion to completely non-diagnostic imaging. For 
example, pulsation artifact can be seen when ves-
sels are in the field of view and faded, ghostly 
duplicates are seen in the phase-encoding direc-
tion (Fig. 8.31).

“Zipper” artifacts may similarly interfere with 
the image. Lastly, MR is limited by the attention 
directed to appropriate exam protocol selection. 
While CT data can undergo significant post- 
processing, inadequate or inaccurate preplanning 
of MR protocol may result in significant data loss 
if specific sequences are neglected at the time of 
image acquisition.

 MR Safety and Risks

While CT and ultrasound carry a relatively low 
risk for the target population other than the inher-
ent ionizing radiation and iodinated contrast risks 
of the former, MR examinations carry with them 

the need for additional pre facto patient screening 
[25]. The use of intravenous contrast necessitates 
attention to preexisting patient risk factors such 
as underlying renal insufficiency, gravid status, 
or preexisting allergy. Patients must also be pre- 
screened to ensure that any implanted hardware 
is MR compatible. At-risk patients with a history 
of prior penetrating traumatic injury (i.e., shrap-
nel), grinding or welding require conventional 
radiography of the targeted body region prior to 
imaging, such as to avoid fragment migration, 
heat-sink effect, and possible tissue shearing 
injuries [26] (Fig. 8.32).

Consideration must also be given to the total 
energy deposited within a patient’s body during 
imaging or specific absorption rate (SAR), as 
prolonged MR imaging can result in heating of 
tissues [26]. More focal deposition of energy into 
the tissue can result in localized burns as a conse-
quence of focused electrical conductivity, 
whether on the basis of hardware, overlying 
coiled metallic devices or tattoo ink. There is a 
significant amount of noise generated during typ-
ical MR imaging as the machine sends and 
receives impulses which can result in hearing 
loss if patients are not given adequate hearing 
protection. Compounding these baseline risks are 
the added risks of unexpected emergent acute 
care interventions, during which less knowledge-
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able personnel may inadvertently enter the room 
with metallic devices on their person, potentially 
incurring high-velocity traumatic injuries. Lastly, 
unresponsive or less communicative patients are 
at increased risk, as evolving problems may go 
unnoticed. In sum, the safety aspects of MR are 
multifaceted and significant but can be addressed 
with fastidious attention to detail and continuous 
staff education processes.

 Summary

While MR has significant limitations and safety 
precautions, it can be useful in the tissue charac-
terization and assessment of abdominal wall her-
nias, particularly when CT and ultrasound are 
unrevealing.
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9Hallmarks of Incarcerated 
and Strangulated Hernias

Andrew T. Bates

 Introduction

The strangulated hernia represents a surgical 
emergency that relies on a combination of thor-
ough physical exams and radiologic findings for 
prompt and accurate diagnosis. Strangulation, by 
definition, is the presence of ischemia in the tis-
sue contained within the hernia. Incarceration, in 
contrast, is defined by the inability of medical 
professionals to successfully reduce the hernia 
contents back into the abdominal cavity. 
Furthermore, long-standing hernias may be 
“chronically incarcerated” due to adhesions 
within the hernia sac but show no signs of acute 
changes or ischemia. Incarceration therefore is a 
clinical diagnosis of failure of manual reduction, 
and one that cannot be made by radiologic test-
ing. Strangulation may present with several 
radiologic signs that suggest visceral ischemia or 
necrosis.

Any structure within the abdominal cavity can 
become incarcerated or strangulated within a her-
nia defect, although the omentum and bowel are 
most commonly affected. Strangulation occurs 
when the hernia defect encircles the contained 
viscera, causing venous stasis and edema that 
further compromise blood flow [1]. Prolonged 

ischemia may then lead to tissue necrosis and 
perforation if the bowel is involved.

Overall, hernia strangulation is a relatively 
rare event, although the consequences may be 
catastrophic. Only 3.8% of all inguinal hernia 
repairs yearly are performed on an emergent 
basis [1]. Moreover, many of these emergent 
repairs are not performed for strangulation. A 
2012 study by the Mayo Clinic found that the 
yearly incidence of emergent inguinal hernias 
has been decreasing over the past 20 years, pos-
sibly due to rising rates of elective repairs and 
greater patient awareness of hernias [2]. 
Fitzgibbons et  al. published in 2012 a 10-year 
series of men showing only a 2.4% rate of emer-
gent repair during the study period [3]. As a 
result, the strategy of “watchful waiting” gained 
in popularity for asymptomatic or minimally 
symptomatic hernias. Although most of these 
hernias have been shown to become symptomatic 
in the following years, the risk of emergent repair 
remains low.

Although the risk of incarceration for all types 
of hernias remains relatively low, patients who 
require emergent repair show significantly worse 
outcomes [4]. Emergent repairs are associated 
with higher rates of organ resection, higher 
30-day mortality rates, greater 30-day reopera-
tion risk, as well as higher rates of overall com-
plications including mesh infection.

Ventral hernias arise from a wide range of eti-
ologies and represent a broad category of abdom-

A. T. Bates (*) 
Department of Surgery, South Shore University 
Hospital, Northwell Health, Bay Shore, NY, USA
e-mail: abates@northwell.edu

© Springer Nature Switzerland AG 2023 
S. Docimo Jr. et al. (eds.), Fundamentals of Hernia Radiology, 
https://doi.org/10.1007/978-3-031-21336-6_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-21336-6_9&domain=pdf
mailto:abates@northwell.edu
https://doi.org/10.1007/978-3-031-21336-6_9


90

inal wall defects. As such, their risk of 
incarceration and strangulation is highly depen-
dent on factors such as location and defect size. 
In a 2019 paper, Sneiders et al. showed that pri-
mary defects measuring 3–4  cm were signifi-
cantly associated with a higher rate of 
incarceration compared to smaller defects mea-
suring 0–2  cm [5]. For incisional hernias, this 
comparison remained true. Furthermore, defect 
location was found to have a significant effect, 
with defects in the peri- and infra-umbilical 
region showing a nearly twofold higher risk of 
incarceration compared to defects in the upper 
abdomen [5].

For inguinal hernias, multiple patient charac-
teristics have been shown to increase the risk of 
strangulation, including female sex, recurrent 
hernias, ASA class >3, overweight, underweight, 
and the presence of femoral defects. In these 
cases, higher consideration should be given to 
prompt elective repair so as to prevent the inci-
dence of incarceration and strangulation [1].

 Clinical Presentation

The acute presentation of patients with incarcera-
tion can vary depending on the location of the 
hernia and viscera it contains. It is key to deter-
mine the chronicity of the incarceration to deter-
mine the appropriate level of surgical emergency 
[6]. For example, a patient who presents with an 
incarcerated hernia that has been stable in size 
and appearance for years does not represent a 
surgical emergency in the absence of acute 
changes or other concerning biochemical or 
radiographic abnormalities. For inguinal hernias, 
presentation may also differ by the subcategories 
of indirect, direct, or occult femoral defect. 
However, most acutely incarcerated groin hernias 
will present with sudden-onset pain with a pal-
pable, tender mass. If the hernia contains incar-
cerated bowel, the patient may also present with 
nausea/vomiting and obstipation indicative of 
bowel obstruction. On physical exam, the patient 
may present with a firm, tender mass in the groin 
that is unable to be reduced. Findings of exquisite 
tenderness or overlying cutaneous erythema are 

concerning findings for tissue ischemia and/or 
necrosis. Biochemical aberrations such as leuko-
cytosis or elevated lactate are also concerning. In 
this setting, repeated attempts at manual reduc-
tion should be avoided due to the risk of perfora-
tion or the reduction of necrotic bowel back into 
the abdominal cavity. Many sources suggest that 
manual reduction not be attempted if the patient 
has been symptomatic for more than 4–12  h. 
However, clinicians should use best judgment 
after a complete examination and workup, instead 
of relying on strict temporal cutoffs [6].

Ventral hernias most commonly present at 
previous incision sites or the umbilicus, although 
less common hernias such as Spigelian, parasto-
mal, and lumbar hernias may present as well. As 
in inguinal defects, incarceration or strangulation 
may present as a palpable, firm, and tender mass 
with possible overlying erythema. Signs of bowel 
obstruction may or may not be present. In the 
case of parastomal hernias, the patient may addi-
tionally present with signs of stoma dysfunction.

In the presence of concerning clinical find-
ings, combined with signs of ischemia or necro-
sis on imaging, the distinction between 
incarceration and strangulation is often aca-
demic—the patient requires emergent explora-
tion and repair. If, upon exploration, the contained 
viscera is ischemia but viable, prompt diagnosis 
and treatment have spared the patient an emer-
gent resection.

 Radiologic Findings

Most hospitals have CT capabilities in the emer-
gent setting. Ultrasound can be useful for deter-
mining the presence of bowel and/or fluid within 
the hernia sac (Fig. 9.1). However, the modality 
remains highly user dependent and is not suffi-
ciently sensitive to detect certain concerning 
characteristics. Even in the case of CT scans, the 
importance of correlating radiographic findings 
with the patient’s physical exam and overall clin-
ical picture cannot be overstated [7].

In the setting of an incarcerated hernia, the 
first question to be answered is that of the viscera 
it contains. Omentum, for example, can be quite 
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Fig. 9.1 Strangulated inguinal hernia containing small 
bowel with a large amount of free fluid within hernia sac

Fig. 9.2 Ventral hernia containing strangulated 
omentum

Fig. 9.3 Incarcerated ventral hernia causing small bowel 
obstruction. A transition point in the efferent limb is 
clearly visualized at the level of the fascia

painful when infarcted but does not represent the 
same level of emergency as bowel (Fig. 9.2). Any 
acutely incarcerated hernia that presents contain-
ing bowel should be highly scrutinized to deter-
mine the need for operative intervention.

Acutely incarcerated bowel within a hernia 
defect typically shows proximal dilation of the 
bowel indicative of obstruction. The bowel within 
the hernia is usually collapsed with a transition 
point occurring at the neck of the hernia (Fig. 9.3). 

The use of oral water-soluble contrast is helpful 
in determining the degree of intestinal obstruc-
tion (partial vs. complete/“high-grade”) in these 
cases. While obstruction is typical of acute incar-
cerations, it does not necessarily indicate stran-
gulation. Moreover, if the bowel lumen remains 
patient while entering and exiting the hernia, this 
may help assuage concern for ischemia some-
what as the neck is not constricting the bowel 
severely enough to cause a transition point, let 
alone strangulation.

Thickening of the bowel wall that is con-
tained within the hernia is a concerning finding 
that suggests bowel edema due to venous con-
gestion and/or inflammation (Fig.  9.4). Most 
sources will cite an upper limit of 2–3 mm for 
small bowel and 5mm for large bowel. If a sub-
stantial amount of bowel has herniated and the 
mesentery can be visualized, congestion of the 
mesenteric vessel indicates outflow obstruction. 
Typically, the vessels will appear prominent and 
engorged on CT imaging. The adipose tissue of 
the mesentery may also show signs of “strand-
ing” secondary to edema and decreased lym-
phatic drainage.

Free extraluminal fluid within the hernia sac is 
a radiographic finding concerning ischemia or 
necrosis. While free fluid may be present due to 
edema rather than ischemia, a more concerning 
process cannot be excluded.
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Fig. 9.4 Strangulated ventral hernia with small bowel 
wall thickening

Fig. 9.5 Strangulated inguinal hernia with extraluminal 
free air

Fig. 9.6 Subcutaneous erythema surrounding strangu-
lated umbilical hernia

Pneumatosis intestinalis and extraluminal air 
are highly concerning findings that suggest a 
breakdown in the integrity of the bowel wall, 
likely secondary to necrosis (Fig.  9.5). 
Pneumatosis is a radiographic finding rather than 
a diagnosis itself. However, in the setting of her-
nia incarceration, it is most likely due to mucosal 
necrosis and breakdown, allowing intraluminal 
gas to dissect into the submucosa of the bowel. 
Extraluminal air implies a full-thickness 

 breakdown and free perforation. Extraluminal air 
and free fluid are usually seen in concert in the 
setting of strangulation.

Subcutaneous fat stranding surrounding the 
hernia sac signifies inflammation of the subcuta-
neous space and is the radiographic correlation of 
erythema on physical exam (Fig. 9.6). While the 
simple event of acute herniation and repeated 
attempts at manual decompression can produce 
this finding, clinicians should also be highly sus-
picious of ischemia or necrosis of hernia contents 
producing a localized inflammatory response.

The use of intravenous contrast during CT 
scanning also allows the practitioner to assess the 
relative perfusion of the bowel compared to the 
surrounding anatomy. In some studies, the lack of 
contrast enhancement is the leading indicator of 
ischemia and necrosis [8].

 Clinical Pearls/Suggested Algorithm

For patients presenting acutely incarcerated, we 
would recommend clinicians to assume visceral 
compromise until proven otherwise. Upon initial 
evaluation, practitioners should ask the following 
questions prior to attempting manual reduction:
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 1. How long has the patient experienced acute 
symptoms?

If the patient shows acute changes within 
the past day, their pathology is more likely to 
require emergent intervention. Complaints that 
have been present for weeks to months are 
likely to warrant observation or elective repair.

 2. Does the patient have signs of hemodynamic 
instability?

In the setting of acute incarceration, it is 
very difficult to prove that concerning hemo-
dynamic changes such as tachycardia and 
hypotension are not the result of compromised 
viscera. Emergent exploration and repair are 
recommended for these patients.

 3. Does the patient have biochemical aberra-
tions, such as WBC >20k or lactate >2?

 4. On examination, does the patient show acute 
tenderness at the hernia site, peritonitis, or 
overlying erythema?

In the acute setting, these exam and laboratory 
findings are concerning for ischemia and possible 

necrosis. Emergent repair is indicated and 
attempts at manual decompression should be 
avoided.

Upon review of the radiologic workup, any of 
the following findings in the setting of acute 
bowel incarceration warrant emergent repair 
(Fig. 9.7).

 1. Bowel wall thickening
 2. Free abdominal fluid or fluid within hernia 

sac.
 3. Vascular congestion or mesenteric edema
 4. Free extraluminal air or pneumatosis intestinalis
 5. Fat stranding surrounding bowel or hernia sac
 6. Absent IV contrast enhancement of bowel

However, it should be noted that any one of 
these findings does not definitively predict bowel 
necrosis or the need for bowel resection. In a 
recent publication, of the findings listed above, 
only the lack of contrast enhancement was sig-
nificantly associated with the need for resection, 
with an odds ratio of 51.
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Fig. 9.7 Proposed clinical algorithm for evaluation and treatment of acutely incarcerated hernias
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 Conclusion

A strangulated hernia represents the most emer-
gent hernia pathology and warrants surgical 
exploration. Prompt recognition of both clinical 
and radiographic findings consistent with the 
strangulated bowl is critical for proper treatment 
and best surgical outcomes.
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103D Imaging of the Abdominal Wall

Roel Beckers, Maaike Vierstraete, 
and Filip Muysoms

 Introduction

Hernia surgery, by which a protruding, bulging, 
or sliding part of the abdominal content is put 
back into its place and the weakened or defective 
abdominal wall is restored is one of the most fre-
quently performed procedures throughout the 
world. It comprises a quite large and rather heter-
ogenous group of hernias most frequently of the 
groin [1, 2], or inguinal type but also primary and 
secondary ventral hernias according to the 2009 
definition of the European Hernia Society [3], 
and encompasses diaphragmatic hernias and pel-
vic area hernias, as well. Together they bring the 
worldwide annual number of surgical interven-
tions well over twenty million [4]. While many 
hernias are found by coincidence during routine 
CT exams, the CT scan is a powerful tool that 
plays a central role in the preoperative workup of 
elective, complex cases.

There is increasing interest not only in intui-
tive comprehensive imaging of abdominal wall 

hernias but also in the physical dimensions of 
hernias because of the related impact on outcome 
and surgical approach. It is a challenge to extract 
maximum clinical and quantitative information 
from the original scan, which requires in-depth 
knowledge of the physics of the imaging on the 
one hand, but especially of the possibilities 
offered by the different modern software pack-
ages on the other hand in order to display images 
in 3D and to perform quantitative measurements. 
The resultant information will not only guide the 
surgeon in their preoperative planning but it gives 
the opportunity to inform the patient in advance 
if an increased risk or higher complication rate is 
present or if more complex surgical strategies 
should be addressed. It is therefore imperative 
that radiologists master these techniques to 
extract maximal information from the CT data 
[4]. It must be emphasized that an active search 
for abdominal wall abnormality should be part of 
a routine investigation. In this chapter, we give a 
brief overview of the evolution of CT scan as 
well as the currently available methods for pro-
cessing the available data with 3D rendering 
techniques and quantitative morphometrics 
within the context of abdominal wall imaging. In 
addition, we provide an overview of the currently 
available methods to visualize MR-visible 
abdominal wall grafts. CT images were scanned 
on a 64 row CT system and reconstructed on a 3D 
workstation (Somatom Definition Flash and 
Syngo Via® VB30 Siemens Healthineers Erlangen 
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Germany). MR images were produced on a 1.5 
and 3 Tesla scanner (Achieva 1.5 T and Ingenia 
3.0 T Philips Medical Systems Best Netherlands) 
and reconstructed (if not mentioned otherwise) 
using Syngo Via® software.

 3D techniques in CT imaging

 Advances in CT Imaging 
and Computer Capacity

Since the clinical first introduction of CT imag-
ing in 1971 by the hand of Sir Godfrey Hounsfield, 
enormous advances have been made in CT tech-
nology, especially in the last two decades. A rev-
olution in hardware, software, and display 
technology took place which has led to the wide-
spread use and availability of high-end multide-
tector-multirow CT systems in combination with 
advanced 3D workstations.

Slipring technology by the mid-80s enabling 
cable free transport of energy and data from and 
to the gantry permitted continuous rotation of the 
x-ray tube and the oppositely placed detector 
allowing a rotate-rotate movement of the tube 
detector unit versus the translate-rotate move-
ment of the older systems. The former paved the 
way for a new manner of scanning called spiral or 
helical scan technology by the end of the 80s and 
gradually replaced the latter sequential scanning 
in clinical practice [5, 6] at the beginning of the 
90s. With the introduction of the single-slice spi-
ral CT in 1990 for the first time, volume data sets 
were produced [7].

Detector design and technology dramatically 
changed with the increasing number of detector 
rows. The introduction of dual-slice spiral CT in 
1992 was followed by the introduction of “quad 
CT” in 1998 and 16 slice CT in 2002 allowing the 
simultaneous acquisition of 16 data sets derived 
from the output of a combination of adjacent 
detector elements in a detector array with equal 
or unequal-width detector design. Spiral CT 
became multi-section CT [8] and later multi- 
detector CT (MDCT). Thin millimeter slices in 
the Z-direction (longitudinal axis of the patient) 
led to isotropic voxel dimensions.

X-ray tubes with higher power output capac-
ity, operating at variable kilovolt settings and 
with computerized tube current modulation were 
introduced. Along with the number of detector 
rows, the rotation speed of the x-ray tube and 
detector unit within the gantry increased 
significantly.

This evolution went on in the coming decades 
with an increasing number of submillimeter 
detector rows up to 320 in some systems and with 
decreasing rotation times as low as 0.23  s for 
some vendors.

Advances in detector composition and devel-
opment of digitized data transmission systems 
were necessary to keep up with the exponentially 
increased production of data from the scanned 
volume. This required simultaneous growth both 
from computing power, and storage capacity. As 
a result of more powerful computers the rein-
vented iterative reconstruction (IR) techniques 
from the early 70s (as a successor to filtered back 
projection techniques) could finally be applied. 
Thanks to IR a significant decrease in radiation 
dose due to noise reduction [9–11] could be 
achieved and this process is currently still evolv-
ing due to the development and implementation 
of artificial intelligence using deep learning algo-
rithms. Different image reconstruction algo-
rithms also allowed for faster image calculations 
and increased in-plane resolution. Speed-related 
reduction of motion artifacts made special appli-
cations possible like cardiac imaging [12], imag-
ing of moving vessels, or even more: dynamics 
within vessels [13].

The final result is that large volumes can be 
scanned in a few seconds instead of minutes with 
higher resolution, isotropic voxel dimensions, 
and better image quality than ever before at an 
acceptable radiation dose.

Thanks to evolutions in graphics software it 
became possible to make complex calculations 
on a data set of hundreds of high-resolution sub-
millimetric overlapping images. Resampling of 
data into isotropic voxels results in high resolu-
tion, artifact-free multiplanar reformatted (MPR) 
images (Fig. 10.1).

At the beginning of this era investigations 
were evaluated by looking at images printed on 
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Fig. 10.1 MPR images out of volume scan in three orthogonal directions show motion free reconstructions. Notice a 
right-sided small lumbar hernia (Grynfeltt-Lesshaft hernia)

films with a reconstructed slice thickness a mul-
tiple of the highest possible resolution. With the 
development of integrated PACS systems and 
dedicated workstations, it became a new standard 
to evaluate investigations by scrolling through 
the native or thin overlapping reconstructed 
images in an axial plane or in selected multipla-

nar reconstruction directions, zooming in the 
region they want to take a closer look at or per-
form measurements on it. Rendering techniques 
incorporated into dedicated software became 
available at the beginning of the millennium for 
diagnostic or didactic purposes and are now an 
indispensable tool. This shift from analysis on 
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plain film to dedicated workstation is a true revo-
lution made possible by the simultaneous devel-
opments in technology on all levels discussed 
and has dramatically changed the workflow of 
the radiologist.

 Classic Rendering Techniques:

With every volume scan, a large amount of math-
ematical data is generated and transformed in the 
3D space into geometrical voxels or volume units 
that compose the scanned volume. These voxels 
are converted into two-dimensional pixels when 
creating an image. The transformation of acquired 
helical medical CT data into realistic 3D clinical 
images displayed as an image on a 2D monitor 
after mathematical calculation based on a suit-
able computer algorithm is called rendering. It 
was introduced in the late 80s for CT and MRI 
[14, 15]. Among several methods, a major dis-
tinction is made between thresholding, a binary 
method, and percentage-based techniques. The 
former is also known as a surface-based tech-
nique and the latter as a volume-based technique. 
Volume techniques are further divided into maxi-
mum intensity projection (MIP) and volume ren-
dering techniques (VRT).

 Surface Rendering:
The binary algorithm of surface rendering was 
developed in the 70s and works on an all-or- 
nothing principle [16, 17]. Along the path of 
projection, the voxel that first meets the pre-
defined threshold intensity value that is repre-
sentable to the chosen organ is recognized as 
part of the surface of the investigated organ of 
interest. All the voxels in front that do not meet 
the criteria are not considered as are all the vox-
els along the path behind the first voxel that 
meets the criteria. The resultant pixel intensity 
is calculated mathematically based on the inter-
action with a virtual light source and the orien-
tation of the surface gives the aspect of surface 
shading, and hence the name surface shaded dis-
play (SSD). The final 2D image is the result of 
the viewing orientation and the calculated visi-
ble areas from that point of view, edited by fur-

ther choosing color and opacity. SSD gives 
information on the surface only, no information 
along the depth of a structure is given even in 
transparent models, and overlap with other 
structures is not recognizable The technique is 
sensitive to image artifacts. It reduces a volume 
to a compact surface and consequently limited 
computer power is needed to generate the 
images which explains their initial success. 
However, this technique was abandoned in rou-
tine clinical CT practice because of several dis-
advantages including lack of volume information 
and more importantly the incompatibility with 
volume averaging when more than one tissue 
density is present in one voxel.

 MIP Imaging:
The first volume-based technique is MIP. In MIP 
rendering technique the pixel with the highest 
density along the path of view or projection 
throughout the scanned volume is displayed with 
its corresponding intensity. The result of all these 
parallel projections make up the image and the 
image contains information only of the highest 
density voxel along the path, obscuring the lower 
density voxels along that path. The thickness of 
the slice of the volume through which the projec-
tion path is calculated can be chosen according to 
preference. Although MIP imaging has several 
shortcomings, it is widely used in clinical prac-
tice, especially in producing CT or MR angio-
graphic images. 3D sensation with MIP images 
can be experienced by scrolling through a series 
of several MIP images or an animation composed 
of individual images with gradually changing 
view angles, called a spin. This technique is 
mainly used in vascular MR images where it was 
originally introduced.

The most important limitation of MIP imag-
ing is its lack of three-dimensional information in 
a static image so when, for example, vessels are 
crossing in the volume it is impossible to see 
which vessel lies in front. Moreover, high-density 
structures like calcifications overlying a vascular 
structure can falsely mimic total occlusion. 
Image manipulation with adaptation of chosen 
MIP slab thickness can overcome some of these 
problems but it remains a common pitfall.
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Applied to abdominal wall imaging MIPs are 
mainly used to depict and localize perforating 
arteries from the anterior rectus fascia in the set-
ting of preoperative CT angiography with 
 three- dimensional postprocessing for deep infe-
rior epigastric perforator flap breast reconstruc-
tive surgery [18]. Subsequently, these points can 
be located on a VRT image of the skin surface. 
The use of MIP to visualize abdominal wall her-
nias is very limited. MinIP is the opposite of MIP 
where only the darkest voxels in a volume of one 
or more slices are depicted. It has limited appli-
cations but can be used for the imaging of hypoin-
tense MRI structures (see below: 3D techniques 
in MR imaging).

 VRT Imaging:
In contrast to MIP imaging, VRT is an imaging 
technique that uses information from the whole 
volume to produce an image [19]. Obviously, this 
requires more computer processing and display-
ing capacity and although first used in the late 
80s it is only since less than two decades that vol-
ume rendering is used in clinical practice rou-
tinely because the abovementioned required 
capacity was finally met. VRT holds into account 
that a voxel is not always filled with solely one 
material but can be a mixture of several tissue 
types. As mentioned, VRT is a percentage type of 
classification being more accurate for voxel con-
tent display than the all-or-nothing based 
approach. With this method, the percentage of 
each predefined density can be calculated for 
every single voxel. Along the path of view, all the 
voxels throughout the scanned volume are ana-
lyzed with an algorithm aiming to determine the 
respective content of each predefined tissue type 
taking into account the chosen color, predefined 
color interaction, brightness and opacity (defin-
ing transparency), and finally preferential shad-
ing setting. The computational load in these 
processes is a multiple of MIP rendering because 
in the former each voxel contains more data and 
the displayed pixel in the image must be a repre-
sentation of the data within each voxel along the 
line of projection. It is important to understand 

that these images contain in-depth volume infor-
mation which is an essential difference from MIP 
or SSD images. That is why transparency really 
increases the information of the image whereas 
in MIP of SSD it does not.

Based on the voxel density histogram, repre-
senting the distribution of grayscale values on the 
Hounsfield Unit scale, different tissue types are 
defined using ramps or trapezoids. Upward or 
downward slopes of the ramp or trapezoid can be 
shaped creating different effects (Fig.  10.2). 
Overlap between ramps or trapezoids can exist 
and alters the result.

Different vendors offer several indications or 
organ-specific presets in the software packages, 
for example, vascular, bone, or lung tissue presets. 
The majority allows the user to adapt existing pre-
sets or to design new ones to a varying degree.

Although predefined, simple and sometimes 
more complex tissue-specific presets are avail-
able on commercial software one should keep in 
mind that finetuning is often needed since a stan-
dard density for certain structures in angiographic 
images or bone imaging is assumed. Hence, 
understanding the processes by which the image 
can be altered is important. Most radiologists 
however experience VRT imaging as difficult and 
time-consuming although the basic principles are 
simple and once experienced great results can be 
obtained in just a few minutes.

 Cinematic Rendering

First announced in 2016, cinematic rendering is a 
recent and innovative 3D rendering technique. In 
contrast to classic 3D VRT imaging which uses 
ray-casting, now a new global illumination model 
was proposed [20, 21].

In ray-casting, a local lightning model, light 
rays are considered solely as straight lines and 
the only source of light. Whereas in cinematic 
rendering, additional reflected light and scattered 
rays are considered. Much more complex algo-
rithms are utilized based on mathematical calcu-
lations which in fact handles thousands of light 

10 3D Imaging of the Abdominal Wall



102

a b

Fig. 10.2 VRT properties as a combination of tissue clas-
sification types (a) and general light settings (b). (a) 
Modern VRT object tissue classification is a body part or 
tissue designed complex combination of ramps and trap-
ezoids placed on the scan histogram with varying incre-

ments of increasing and decreasing intensity (arrowheads), 
different maximal intensities (arrows), brightness, and dif-
ferent assigned colors (stars). (b) Apart from light source 
direction, shading settings, and extra processing filters can 
be chosen

rays in a process called path tracing. The resul-
tant is the projection of 3D images in cinematic 
quality and because of its descent of software 
from animated film industry, it is called Cinematic 
Rendering (Fig. 10.3). One of the strong points is 
the realistic shading that adds extra depth infor-
mation to the images. In most classic VRT soft-
ware programs it is not accounted for that one 
structure can cast a shadow on another. However, 
in cinematic rendering this obstruction from the 
light source by overlaying structures is included 
in the calculation and even the distinction 
between direct and indirect light is made visible.

Cinematic rendering requires a greatly 
increased computing power to work smoothly. 

This problem will be solved with increasing soft-
ware and hardware capacity in the coming years. 
Weather to use cinematic rendering or classic 
VRT is a matter of preference. At this moment 
the added value of cinematic rendering over clas-
sic VRT has yet to be determined in clinical 
studies.

To conclude, VRT and especially cine-
matic rendering images lead to a faster and 
augmented comprehension of complex spa-
tial relations between anatomical structures 
in comparison to planar imaging in great part 
due to the human brains capacity for extract-
ing shape and depth information out of sub-
tle shading differences [22].
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Fig. 10.3 Cinematic Rendering: example of photorealis-
tic display of the abdominal wall. Notice small bowel 
loops containing umbilical hernia and left-sided Spigelian 
hernia

 VRT and Segmentation: Editing Step 
by Step

Although essentially all the information is con-
tained in native axial images in indicated cases, 
MPR viewing and 3D reconstruction add to the 
diagnosis and comprehension of clinical cases. In 
this paragraph, we describe step by step how to 
produce 3D VRT or cinematic rendered images.

First, the images consisting of a data set of 
overlapping contiguous slices reconstructed with 
a noise-reducing soft kernel (convolution algo-
rithm) are loaded into the workstation. If iterative 
reconstruction is available reconstruct thin slices 
with a high iterative reconstruction factor. To a 
certain extent, thicker slices contain less noise 
than very thin slices (Fig.  10.4); however, one 
should avoid the slices noted to be too thick 
because this will show up in the result.

Next, the proper evaluation program within 
the 3D application is selected and initiated. For 
analysis, it is preferred to combine three orthogo-
nal MPR images (axial, sagittal, and coronal) 

with a VRT image. Loading the series of axial 
overlapping reconstructed slices in the MPR 
mode initiates a computational process at which 
the data from the slices are used to create a vol-
ume by interpolation. In this volume, non- 
overlapping slices can be made not only in 
coronal, axial, or sagittal direction but in any 
desired orientation. Slices thickness in MPR 
mode can be chosen from submillimeter to sev-
eral millimeters.

For example, when a volume is scanned using 
a 64 times 0.6 mm detector collimated slice, this 
can subsequently be reconstructed into a series of 
1.5 mm thick image slices with an increment of 
1.2 mm per slice. Once loaded into the 3D work-
station after interpolation a volume is created in 
the MPR environment and submillimeter contin-
uous slices up to 0.7 mm can be made in every 
desired direction. This feature gives a smooth 
VRT appearance without typical “steps” in the 
images.

Then, in the VRT properties an object setting 
or preset is chosen. Since specific abdominal wall 
presets are rare, it is recommended to start with a 
vascular or soft tissue setting or at least a setting 
that gives you a natural realistic anatomic- colored 
appearance of the abdominal wall musculature 
after window and level adjustments. If possible, 
use a setting with a predefined active shading. 
Modifications are basically made on the image 
histogram. This is, like in photography, the 
graphical representation of the number of pixels 
in an image as a function of their intensity. 
However, for CT imaging we consider voxels 
instead of pixels and the intensity scale is replaced 
by the density scale of Hounsfield. Begin with a 
trapezoid starting from one side of the Hounsfield 
spectrum and create an object with an opaque 
skin. This gives an image resembling the clinical 
situation. This can be done by moving the trape-
zoid to the left side of the histogram curve and/or 
changing the window width and level so more 
pixels with low density are covered under the 
trapezoid. Start windowing by sliding the ramp to 
the right side of the histogram curve until abdom-
inal wall musculature becomes visible. Further 
exaggerating this windowing would show pro-
gressively structures with higher density such as 
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Fig. 10.4 Effect of slice thickness on image noise: VRT 
reconstructions (corresponding MPR images not shown) 
out of 2 mm (left) and 1 mm (right) reconstructed slice 

thickness. Both images with identical window settings. 
Notice the more clearly anatomical depiction and less 
noise on the left image

vascular structures in case of intravenous contrast 
administration (Fig. 10.5a) and eventually skele-
tal bone independent of contrast application 
(since bony tissue has the highest density).

To get the abdominal wall view, the window 
width and level must be changed in such a way 
that abdominal fat becomes transparent. The left 
part of the trapezoid must cover a part of the his-
togram with negative density from 0 to 
−100  HU.  The other part of the ramp must at 
least cover the density of muscular tissue between 
40 and 80 HU, increasing to nearly 100 HU when 
intravenous contrast is applied.

Assessment of abdominal wall musculature 
can be now made with rectus abdominis muscle, 
linea alba, linea semilunaris, and external 
obliques on both VRT and cinematic rendered 
images (Fig.  10.5b). This can be even better 
appreciated when skin is removed with manual 
cutting or placing of a clip plane. In fact, skin can 
act as an overlying surface of noise. Although a 
global overview with opaque skin settings may 
have some clinical value, often focal selective 
punching or cutting away the skin is preferred 

and may improve the result (Fig.  10.6a and b). 
Trying to window the skin to zero is not advised 
because it would also degrade residual volume 
because skin has nearly identical density as mus-
cle. After skin removal, abdominal wall muscula-
ture is clearly visible and any diastasis or defect 
can be appreciated.

At this point herniated content may already 
have become visible. The visibility of the hernia 
and its content is function of several factors. For 
a hernia sac to be visible, the wall of the sac must 
have a higher CT density than the external sur-
rounding tissue so it must be remarkable on MPR 
images. As a rule of thumb evaluation of the 
MPR image must clearly show the wall of the 
hernia sac, only then it will be visible on the VRT 
reconstruction to a more or lesser degree. If the 
wall of the sac is too thin then it can be discern-
ible indirectly only if fluid or intestines in the sac 
are abutting the border.

Hernia content is often a combination of fatty 
tissue, vascular structures, fluid and intestinal 
loops with or without positive oral contrast or air 
(Fig. 10.7a).  the more fat containing the hernia, 
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a

Fig. 10.5 (a) Influence of changing window level on the 
histogram curve (above) on resultant image (below). (1) 
structure with “skin-tissue” view, (2) “muscular” view, 
and (3) “vascular” view: the more the trapezoid is placed 
to the right side of the histogram, the lesser low-density 

structures are visible and the more bone and contrast con-
taining structures become visible. (b) Depiction of 
abdominal wall anatomy by classic VRT (left) and 
Cinematic Rendering (right) allowing evaluation of rectal 
diastasis
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Fig. 10.6 (a) Disturbing effect of the overlying skin. 
Skin can be seen as an overlying layer of noise. Left 
image: skin not removed, right image: skin removed by 
anterior placed slab plane. (b) Left: Patient with small 
lumbar Grynfeltt-Leshaft hernia best seen after cutting 

part of dorsal skin by clip plane. Windowing skin to zero 
would also eliminate visualization of most of the muscle 
fibers. Right: VRT reconstruction of left-sided intestinal 
hernia after crest harvest, skin totally removed

the lesser the visualization of the hernia sac on 
VRT image will be even if intravenous contrast is 
administered. Iodinated contrast would enhance 
the lumen of protruding vessels and enhance the 
mucosa of any bowel loops however wall enhance-
ment of the thin hernia sac is not generally seen.

The exact composition of the herniating struc-
tures will thus determine its visibility on 3D 
reconstruction. The ideal hernia to visualize with 
VRT would be a hernia sac with contrast- 
accentuated vessels and positive contrast-filled 
bowel loops with nearly no fat.

If the hernia is exclusively or predominantly 
fat-containing then one should keep in mind that 
setting the fat tissue transparent on VRT also 

deletes the lipomatous content of the hernia sac 
and not setting it transparent would make it indis-
cernible with subcutaneous fat. In this case manual 
segmentation with contour editing and automated 
contour interpolation of the hernia sac may be the 
only option (Fig. 10.7b,c) (Videos 10.1, 10.2).

One can discuss whether the administration of 
peroral, retrograde, and/or intravenous contrast is 
an added value for hernia depiction and evalua-
tion. Each type of administered contrast increases 
the possibility of a better differentiation between 
different density structures within the hernia sac, 
but also from the surrounding tissues including 
the abdominal wall itself. The more distinct den-
sities, the easier isolation of structures will be 
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and the more pronounced the tissue contrast in 
the VRT image. Extensive administration of ret-
rograde or peroral contrast could lead to altered 
proportions of intra-abdominal content versus 
hernia content by filling up and distending the 
herniated bowel loops. However, one can argue 
that it is merely physiological that the contents of 

both the herniated sac and intra-abdominal con-
tents change during the day as a result of meals 
and bowel movements.

Peroral and especially retrograde contrast 
agent administration in the form of iodinated 
contrast agents or negative contrast agents such 
as water requires patient cooperation, a longer 

Fig. 10.7 (a) Influence of hernia sac content on visual-
ization. Hernia containing bowel loops with significant 
oral contrast content. Small images: MPR images (axial, 
coronal, and sagittal) and VRT images Large image right: 
corresponding “clinical” VRT image. (b) Solely fat-con-
taining hernia: cinematic rendering image without and 
after semiautomated segmentation (see also Video 10.1) 

Notice invisible hernia without. (c) Parastomal hernia 
with herniation of transverse colon, vessels, and fat adja-
cent to permanent stoma. Upper row: sagittal MPR image 
(left), VRT with segmentation of total hernia content 
(middle), and VRT with segmentation of only intestinal 
component (right). Below: segmented volume superim-
posed on 3 orthogonal MPR images

a

b
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Fig. 10.7 (continued)

c

preparation time, and makes the investigation 
more invasive. There is no guarantee that the con-
trast will be in the herniated bowel loops at the 
time of the examination. In cases of known or 
suspected bowel wall protrusion opacification of 
the herniated loop add in hernia visualization, for 
example, in pelvic floor hernia (Video 10.3) or 
Petit hernia (Video 10.4). Intravenous adminis-
tration of iodinated contrast agents is more inva-

sive and there are several contraindications such 
as known allergies and impaired kidney function. 
The difference in the image is limited to the wall 
and luminal enhancement of the protruding intes-
tinal and vascular structures, respectively. 
Therefore, no difference can be expected in 
solely fat-containing hernias. For the muscula-
ture of the abdominal wall, no significant differ-
ences can be expected (Fig. 10.8).
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Fig. 10.8 Comparison of abdominal wall hernia pre- 
contrast (left) and post-contrast (right). (a) No significant 
differences are evident for abdominal wall without and 

with IV contrast. (b and c) Better delineation of hernia 
content on VRT in color mode (b) and in grey mode (c) 
showing vasculature and bowel wall enhancement
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For ventral abdominal wall hernias sliding 
with a clip plane or slab through the scanned vol-
ume in a perpendicular direction relative to the 
direction of herniation will allow you to align the 
slab plane with the plane of the wall defect 
defined by the hernia ring at the level of the 
abdominal wall opening (see Videos 10.1, 10.2). 

Once the correct angulation at the exact depth is 
achieved various quantitative measurements can 
be performed, such as the maximum craniocau-
dal and transverse diameters, the circumference, 
and especially the surface of the hernia ring 
(Fig.  10.9). There is a risk of over- or under- 
estimation of these dimensions depending on the 

Fig. 10.9 Measurements of hernia ring dimensions and hernia sac dimensions on MPR images and hernia ring on VRT 
reconstructed image using slab plane
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morphology of the hernia with conical hernia 
type being more challenging than the mushroom 
type, especially with very thin abdominal muscu-
lature. Diameter assessment on correctly 
 orthogonal angled MPR remains the golden stan-
dard or should at least be used as a control.

With several computer software packages, it is 
now possible to step up to more advanced editing 
allowing to isolate, add, or delete selected struc-
tures within the imaged volume. Using threshold-
ing voxels within a given range are selected. 
Region-growing algorithms will select adjacent 
voxels near a selected point with similar density. 
Region on interest selection, manual or semi- 
automated using automatic contour recognition 
on individual slices with or without interpolation 
between edited slices are possible. Although 
some software programs allow automated organ 
selection to our knowledge, automated muscular 
abdominal wall selection is not available.

Each segmented volume can be seen as a sepa-
rate layer and, certain parameters can be set for 
each layer like transparency, brightness, color, 
and even a specific predefined VRT setting. In the 
final result, one or more layers can be combined 
to accentuate or erase certain structures 
(Fig.  10.10a,b). This is a relatively time- 
consuming technique depending on the level of 
experience. In many cases, a custom-made solu-
tion can be presented in the final result.

 Morphometrics and Quantitative 
3D CT Imaging

It is well known that hernia repair is much more 
complex than simply reducing herniated content into 
the abdominal cavity and closing the defect. 
Operative strategies change with different types and 
volumes of hernia with the intent to reduce the risk 
of complications such as abdominal compartment 
syndrome, respiratory problems, and re-herniation. 
Many parameters have to be considered including 
height, weight, and BMI of the patient. In recent 
years CT-derived measurements of hernia character-
istics have gained importance in preoperative 
workup. Where initially some of these measure-
ments were performed on basic CT scans, nowadays 

more and more use is being made of measurements 
performed on 3D volumetric CT data.

Kavic et  al. [23] rendered dynamic three- 
dimensional computed tomography-based mod-
els of hiatal hernias by applying a polygonal 
mesh surface modeling technique. Their research 
clearly showed the added value of incorporating 
sophisticated 3D rendering software in clinical 
practice not only for advancing and clarifying 
existing classifications but mostly for the clinical 
benefit that a comprehensive graphic illustration 
made in an intuitive fashion would have on the 
surgeon.

Sabbagh et al. [24] calculated peritoneal vol-
ume and compared it to herniated volume by 
using semiautomated volume calculations offered 
by specific software programs (Myrian ® Expert ) 
in contrast to Tanaka et al. [25] who used estima-
tion of herniated volume by measuring maximal 
orthogonal diameters of abdomen and herniated 
sac and applying these values on volume formu-
las of ellipsoids.

In 2012, Yao et al. [26] showed in a popula-
tion of 17 patients with incisional hernia that 
based on 3D CT reconstructions from submilli-
meter volume scans abdominal wall hernia area 
and volume and abdominal cavity volume could 
be accurately measured using 3D software pack-
ages. Like Sabbagh, they also used the calcu-
lated ratio of herniary volume to abdominal 
volume.

Xu et al. [27] investigated a detailed anatomi-
cal labeling protocol for description of ventral 
hernias taking into account 20 derived metrics 
that could be divided in shape-related, location- 
related, and body-related metrics. For anatomical 
labeling MPR measurements were sufficient and 
auteurs did not find complex 3D rendering an 
added value while for volumetric measurements 
interpolation techniques and tri-planar manipula-
tion were needed. Still for the presentation of 
results, transparent volume rendering techniques 
with superposition of measurements were used, 
for example, to demonstrate different hernia 
types.

Kao et al. [28] found that CT-based volumet-
ric measurements are a valuable tool in preopera-
tive evaluating of the extent and complexity of 
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Fig. 10.10 (a) Advanced editing—a patient with bulging 
right-sided intestinal loop containing inguinal hernia: 
MPR images and Cinematic Rendered image after selec-
tive segmenting and editing hernia sac allowing increased 
visibility of hernia content. (other patient see also Videos 
10.3 and 10.4). (b) Advanced  editing - Left posterior 
oblique(left) and right posterior oblique (right) internal 
view on the abdominal wall showing rupture of the left 
transverse abdominal muscle with forming of a double 

ridge and hernia sac with bulging and stretching of the 
oblique abdominal musculature. Editing steps consisted 
of manual skin removal and semiautomatic removal of the 
intra-abdominal contents with interpolation. Finally, 
plane cuts of the volume in craniocaudal direction to 
reveal the relevant parts and cutting of the spine and sur-
rounding musculature to create an inlet view. Axial MPR 
image (bottom)

a
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para-esophageal hernia that allows the surgeon to 
decide on an operative approach and to anticipate 
a difficult crural repair. By using volumetric anal-
ysis software hernia defect area or crural defect 
and hernia sac volume were measured. Not only 
volume measurements but also multidimensional 
visualization added in preoperative planning and 
approach decisions.

Finally, Winters et al. [29] found that the use 
of extensive CT scan-derived abdominal mor-
phometrics, although time-consuming at this 
moment, allows a better quantitative risk analy-

sis for the component separation repair tech-
nique when performed for solving complex 
ventral hernias. They determined visceral fat 
volume, loss of domain, subcutaneous fat vol-
ume, total fat volume to predict the recurrence of 
herniation, and surgical site infection. Analysis 
was performed on dedicated workstations with 
semiautomated measurements (Fig. 10.11). This 
combination of a 3D VRT and quantitative evalu-
ation of morphometric parameters is also recently 
seen in Elstner’s research [30] where the effect of 
selective botulinum toxin A injection in the 

b

Fig. 10.10 (continued)
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Fig. 10.11 (a) Quantification of visceral (green) and 
subcutaneous (blue) fat. (b) Outline of intra-abdominal 
area (orange line) and hernia sac (yellow line). (c) 3D 
VRT reconstruction of the abdomen: colored parts repre-

sent segmented hernia and intra-abdominal content used 
for volume calculation. From Winters et. al Hernia 
2019;23: 347-354 with permission

oblique abdominal muscles is investigated and 
emphasizes the complementarity of both modali-
ties within the context of a comprehensive preop-
erative CT examination.

 3D Techniques in MR Imaging

Del Olmo et al. [31] found MRI an effective tool 
for an adequate preoperative depiction of abdom-
inal wall defects and hernia sac content. 
Moreover, with regards to postoperative follow-
 up, they concluded that MRI is useful for evaluat-

ing mesh integration, diagnosis of hernia 
recurrence, and evaluation of complications.

Currently, MR is not routinely used for preop-
erative evaluation of the abdominal wall. The 
geometric features of respiratory-triggered clini-
cally available 2D sequences are simply not good 
enough to allow 3D reconstruction with an 
acceptable resolution or voxel isotropy. Although 
3D sequences exist that produce isotropic voxels 
in MR imaging, these sequences require an 
absence of motion during acquisition, so breath 
hold is strictly mandatory. Even then they are 
relatively slow. Consequently, only limited vol-
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umes can be imaged during one breath hold in 
contrast to a CT scan where whole abdominal 
imaging in a few seconds is obtained. On the 
other hand, with MRI the tissue contrast of an 
abdominal wall defect or herniated content is of 
no added value compared to this on 
CT. Visualization of abdominal wall hernias with 
MR is therefore inferior to CT scan.

It is well known that abdominal wall repair is 
one of the most frequently performed surgical 
procedures nowadays. The procedure has evolved 
towards general use of prosthetic implants for 
several reasons including lower complication and 
recurrence rates, lower morbidity, and ease of 
use. Consequently, mesh implants have under-
gone a rapid evolution with, among other things, 
different design and properties. After surgical 
implantations complications can include shrink-
age or deformation, migration with or without 
erosion, infections, fistulation, and chronic pain 
or discomfort. Ideally, all mesh types would be 
clearly visible to rule out mesh-related complica-
tions, to avoid unnecessary exploratory surgical 
laparoscopy or even for preoperative localization 
and strategy of approach.

Rakic and Leblanc [32] made a literature over-
view of the radiopaque properties of meshes com-
monly used in hernia repair. They found that for CT 
imaging expanded polytetrafluoroethylene 
(ePTFE) showed a strong difference with the sur-
rounding tissue with a high density (Fig. 10.12). In 
addition, structure and thickness of the mesh were 
found to be important factors for visibility. With 
MRI the contrast between the mesh and the sur-
rounding tissue is weak and generally mesh visibil-
ity ranges from not visible at all over faintly 
visible to always visible (polytetrafluoroethylene 
Dualmesh® (Gore)). Some of the meshes like poly-
propylene and polyester composed types are 
merely visible as a result of the secondary peri-
prosthetic inflammatory response they induce. 
Consequently, reliable, reproducible mesh dimen-
sion or position calculation is not possible.

With the introduction of MRI-visible meshes 
consisting of a polyvinyliden fluoride base mate-
rial with integrated iron particles 
(Dynamesh©FEG Textiltechnik Aachen 
Germany) direct and clear visualization of mesh 

became possible [33–35]. Placed in the magnetic 
field from MRI these iron particles will cause 
local disturbances in the magnitude of the mag-
netic field. The consequent susceptibility artifacts 
are the result of microscopic gradients or varia-
tions in the magnetic field strength that occur 
near the interfaces of substances of different 
magnetic susceptibility. On an image, they are 
visible as black spots without signal (signal 
voids). Consequently, the mechanism of mesh 
visualization is based on the generation of dark 
hypointense susceptibility artifacts that form a 
strong image contrast with the surrounding tis-
sue, the hyperintense abdominal fat, isointense 
overlying muscles, adjacent hyperintense fluid or 
fluid-containing intestinal loops (Fig. 10.13).

Most protocols consist of a combination of 
gradient echo sequences and T2 TSE sequences, 
the former for mesh visualization and the latter 
for anatomical assessment. Otto et  al. [36] 
reconstructed a 3D model out of MRI data of an 
intra- peritoneal placed pre-shaped 3D parasto-
mal mesh implant in a porcine model. Sindhwani 
et al. [37] performed a complex 3D analysis of 
MRI-visible meshes implanted to resolve severe 
anterior vaginal wall prolapse. Brocker et  al. 
[38] were in search for the development of a 3D 
technique to evaluate postoperative dimensions 
and location of MR-visible pelvic Fe3O4- 
polypropylene implant.

Muysoms et  al. [39] used MRI of oxide- 
loaded PVDF mesh in  vivo to measure mesh 
shrinkage over time. They found less than 
expected mesh shrinkage over a 12-month inter-
val and low inter-reader variability for quantita-
tive mesh evaluation. Sagittal 2D FFE sequences 
were used to make thick coronal MinIP projec-
tions used for geometric analysis (Fig. 10.14a). 
This measurement can be performed on most 
clinical PACS workstations within a few seconds. 
Slab thickness should be as low as possible but 
minimal equals anterior posterior diameter of the 
mesh. Even volume reconstructions can be made 
from these non-isotropic 5mm thick images 
because of relatively high image contrast with 
both surrounding fat and overlying muscles 
(Fig.  10.14b). The use of this multiparametric 
free breathing MRI protocol performed in the 
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Fig. 10.12 Visibility of ePTFE mesh on CT. (a) Axial 
CT image. (b) Classic VRT. (c) Cinematic Rending tech-
nique image after isolation of mesh shows the relation 

between mesh and overlying rectus abdominus muscles as 
a result of partial transparency of abdominal wall and aug-
mented intensity and brightness of the segmented mesh

prone position using the table built in posterior 
coil allows a complete evaluation of the ventral 
abdominal wall or groin MRI-visible mesh in less 
than 20 min. Furthermore, it is a safe investiga-

tion without the use of ionizing radiation or intra-
venous contrast injection that is highly 
reproducible. Main indications would be ruling 
out postoperative hematoma or other fluid collec-
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Fig. 10.13 Mechanism of iron-loaded mesh visualiza-
tion. (a) Detailed picture of morphology of mesh contain-
ing incorporated iron particles. (b) Schematic presentation 
of mesh placed in external magnetic field B0. Small rect-
angles represent voxels containing H-nuclei however 
some also contain iron particles. Vertically extending 

arrows represent magnetic field lines. (c) Local distur-
bance of magnetic field nearby iron particles with the 
focal attraction of magnetic field lines (blue lines). (d) 
The resultant image will show dark “spots” at places of 
focal field disturbances. (e) Corresponding MR image of 
mesh
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Fig. 10.14 (a) Left: Sagittal IF FFE native image slice 
(thickness 5  mm) through the anterior abdominal wall 
Right: Thick MiniP reconstruction (20–40 mm thickness) 
to determine projected surface, diameters, and circumfer-

ence of MR-visible mesh. (b) Other patients as in a/3D 
VRT reconstruction out of 2D FFE Sagittal images. 
Partially transparent abdominal wall with increased inten-
sity and brightness of segmented mesh
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tions in cases of abdominal pain or discomfort 
and evaluation of mesh position with approxima-
tion of the mesh with the abdominal musculature 
using T2 and T1 gradient images.

A fast 3D T1 sequence with short TE and TR 
allows for nearly isotropic millimetric imaging and 
creates the basis for in-depth 3D analysis in mesh 
phantom imaging (Fig. 10.15) but also for clinical 

a
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Fig. 10.15 (a) Agaragar incorporated mesh used for 3D 
T1 imaging. (b) Thick coronal MinIP projection of resul-
tant 3D T1 image stack. (c) 3D reconstruction of the 
meshes using ball pivoting and marching cubes algorithm 

for surface calculation and curvature evaluation. (d) 
Corresponding 3D rendered model as STL file. (e) Color- 
coded surface curvature map (unpublished work in 
progress)
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Fig. 10.16 (a) Mesh isolation out of 3D T1 stack by 
defining reversed ramp on histogram enabling to visualize 
only voxels with lowest signal intensity. (See also Video 
10.5). (b) Step-by-step isolation of large abdominal wall 

mesh (i) 3D MPR view of native 3D T1 series, (ii) VRT 
result after choosing appropriate setting: the mesh 
becomes visible and can be isolated in only a few cutting 
steps (see also Video 10.6), and (iii) Final result

use. Thanks to a short TR and short TE (4.6 and 
2.3 ms) more than 100 images can be made in less 
than 1 min. The strong contrast between mesh and 
surrounding tissue, such as fat and muscle, allows 
isolating the mesh out of this volume. Moreover, 
owing to the isotropic resolution, high-resolution 
3D images can be calculated using various tech-
niques. However, mesh isolation can be disturbed 
to a certain degree in the case of abutting intestinal 
air since it has an equal signal intensity.

For morphologic and basic geometric analysis 
the stack of images can be loaded into a dedi-
cated workstation the same way as a CT volume 
(Fig.  10.16a). With appropriate window setting 
consisting of a reversed ramp and proper shading 
settings, the mesh can be made visible as an 
opaque structure. Manual editing of the mesh by 
removing other tissue results in the isolation of 
the mesh (Fig. 10.16b). Creating rotating image 
series or movies can help to increase the 3D 
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insight for the referring physician (Fig.  10.16c, 
Videos 10.5, 10.6).

Nowadays several commercial software pack-
ages are available that allow mesh isolation and 
extensive quantitative analysis starting from the 

3D T1 sequences. Extra offered features include 
surface and curvature analysis and possibility to 
compare meshes surface over time allowing to 
visualize shrinkage or deformation (Fig. 10.17). 
Maybe less extended or merely morphologic 

Fig. 10.17 Complex analysis of isolated abdominal wall 
mesh (Software used: Materialise Mimics Innovation 
Suite 20.0 Leuven Belgium): (a) Advanced quantitative 
mesh analysis comparing maximal projective transverse 
diameter with real filament length of mesh at the same 
level. (b) Same patient as in (a): Fusion of isolated meshes 

(yellow and pink) in same patient combining data with 
12-month interval allowing qualitative and quantitative 
comparison. (c) Same patient as in (a): image parts in red 
show shrinkage over 12-month period time. (d) Example 
of time-resolved qualitative comparison of inguinal hernia 
mesh with 12-month interval

a
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b
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evaluation morphologic can be achieved with 
free available software (Slicer 3D—https://www.
slicer.org/, SEG3D—https://www.slicer.org/) 
that allow for mesh isolation using several seg-
mentation techniques. After isolation mesh 
results can be shared by images or movies, the 
object can be shared as an object or STL file or 
can be saved as a 3D PDF file.

 Conclusion

Modern multidetector CT scans provide excel-
lent data for extended morphologic and quantita-
tive analysis of abdominal wall hernias using 
dedicated 3D software (Video 10.7). The use of 
additional 3D reconstructions derived from mod-

ern volume rendering techniques is truly an 
added value for comprehension of hernia and 
abdominal wall morphology as well as interrela-
tionships with surrounding structures and can 
serve as a preoperative didactic tool. MRI has 
limited value in preoperative planning but has its 
value in evaluating position and morphology of 
iron-incorporated meshes.
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11Direct Inguinal Hernia

Joseph R. Imbus and Jacob A. Greenberg

 Introduction and Relevant Anatomy

In the seventeenth and eighteenth centuries, anat-
omists and surgeons made great strides in under-
standing inguinal hernias. Lorenz Heister 
(1683–1758) is credited with differentiating the 
direct from indirect inguinal hernia during this 
era of anatomic discovery. Accounting for 15% 
of inguinal hernias, direct inguinal hernias repre-
sent a protrusion of parietal peritoneum and 
potentially abdominal viscera through an 
acquired weakening of the transversalis fascia in 
the posterior wall of the inguinal canal. These 
abdominal wall defects are more common in men 
compared to women, increase in incidence with 
increasing patient age, and are less likely to 
incarcerate or strangulate compared to indirect 
inguinal hernias. Uncommonly, direct inguinal 
hernias can develop concurrently with an indirect 
inguinal hernia. When this occurs, hernia sacs are 
present on both sides of the inferior epigastric 

vessels and thus referred to collectively as a 
“pantaloon hernia.” Franz Hesselbach (1759–
1816) described the now eponymous anatomic 
triangle which defines the location of direct 
inguinal hernias, that is, the region bound medi-
ally by the lateral edge of the rectus abdominus, 
inferiorly by the inguinal ligament, and supero-
laterally by the inferior epigastric vessels 
(Fig.  11.1). A sound understanding of inguinal 
anatomy is essential for clinicians evaluating 
inguinal hernias, and the relationship to the infe-
rior epigastric vessels ultimately defines direct 
versus indirect hernias. A direct inguinal hernia 
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Fig. 11.2 A direct inguinal hernia protrudes medial to the inferior epigastric artery, and may extend into the superficial 
ring upon Valsalva

protrudes medial to the inferior epigastric artery 
and may extend into the superficial ring upon 
Valsalva (Fig. 11.2).

 Role of Imaging for Direct Inguinal 
Hernia Diagnosis

Inguinal hernias commonly present as a painful 
bulge in the groin and a thorough history and 
physical exam are typically sufficient for diagno-
sis. Thus, the majority of patients should not 
require any imaging modality as part of their 
workup. However, patient and hernia factors 
including obesity and small hernia size can make 
diagnosis difficult without confirmatory imaging. 
Furthermore, the accuracy of physical examina-

tion in discriminating between direct and indirect 
inguinal hernias is debated in the literature, 
though is frequently not clinically relevant as 
both types of hernias should be routinely repaired 
via an open or minimally invasive approach. 
Preoperative differentiation of direct inguinal 
hernia from alternate pathologies, as well as defi-
nition of hernia sac contents, can be useful for 
surgical planning. Given the dynamic nature of 
inguinal hernias, ultrasonography (US) is the pre-
ferred imaging modality to evaluate inguinal 
 hernias, but multidetector computed tomography 
(MDCT) and magnetic resonance imaging (MRI) 
are also potentially useful. In this chapter, we 
review US, MDCT, and MRI imaging for direct 
inguinal hernias, as well as postoperative imag-
ing considerations.
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 Dynamic Ultrasound

 Equipment and Technique

A high-frequency (≥10 MHz), long linear trans-
ducer operated by a skilled sonographer is rec-
ommended. For obese patients, a low-frequency 
curvilinear transducer (7–9 MHz) can improve 
imaging. Panoramic mode, if available, is useful 
to capture a more comprehensive anatomic 
view. Color Doppler capability aids in assess-
ment of bowel perfusion for incarcerated her-
nias. Both still images and recorded video loops 
should be captured. The sonographer should use 
light pressure on the skin during imaging acqui-
sition to avoid anatomic distortion. Compression 
can be intentionally used to assess reducibility 
and tenderness. Radiologist supervision is rec-
ommended to ensure quality and orientation of 
US imaging.

No patient preparation is required prior to 
inguinal US. The patient should first be imaged 
in a relaxed, supine position. Additional evalua-
tion in the upright position should be performed 
to further evaluate any findings or to search for 
findings if supine examination is unremarkable. 
Several patient maneuvers to increase intra- 
abdominal pressure can be used to create dynamic 
images. These include the Valsalva maneuver—
forced expiration against a closed glottis (i.e., 
“Blow on your thumb like a trumpet.”), forceful 
cough, and raising one’s head and shoulders off 
the bed from a resting position. Dynamic evalua-
tion can reveal hernias otherwise occult at rest. In 
addition, hernias visible at rest generally become 
larger with Valsalva; a lack of dynamic move-
ment may suggest incarceration.

Placement of the transducer transversely near 
the midpoint of the pubic tubercle and anterior 
superior iliac spine guides the identification of 
the key anatomic landmark of interest—the infe-
rior epigastric artery. This technique identifies 
the origin of the inferior epigastric artery emanat-
ing from the external iliac artery. At this point, 
the inferior epigastric artery lies just medial to 
the deep inguinal ring. The inferior epigastric 
artery can also be identified with US reliably on 
the undersurface of the rectus abdominis midway 

between the pubic tubercle and umbilicus, and 
then traced down to its origin. At the origin, the 
transducer should be rotated such that images are 
obtained in planes parallel (long-axis) and per-
pendicular (short-axis) to the inguinal canal 
(Fig. 11.3).

 Reporting

Radiologists should be systematic, consistent, 
and thorough in reporting dynamic US findings. 
Positive and negative findings should be reported 
in not only the direct hernia region but also the 
indirect and femoral regions of the patient. 
Synoptic reporting is encouraged to aid readabil-
ity, interpretation, and use of reports for surgical 
planning and research purposes. Important ele-
ments to report include laterality, patient position 
and specific dynamic components utilized, 
 presence/absence of hernia, hernia and hernia 
neck sizes, hernia contents, hernia reducibility, 
tenderness, and alternate pathology.

 Interpretation of Imaging

Familiarity with the normal anatomic adynamic 
and dynamic long-axis and short-axis views of the 
inguinal region is useful for reference. Figure 11.4 
shows normal male right groin anatomy in the 
long axis at rest. In this orientation, the male cord 
appears as a linear bundle of structures with vari-
able echogenicity, and color Doppler can help con-
firm the cord vasculature. Based on body habitus, 
a variable amount of expected adiposity is 
observed enveloping the cord structures.
Figure 11.5 shows normal left groin anatomy in 
the short-axis (anatomic sagittal view). Figure 11.6 
shows the appearance of a right-sided direct ingui-
nal hernia on US before and during Valsalva in 
both the long-axis and short-axis views.

Similarly, Fig.  11.7 shows a direct inguinal 
hernia during Valsalva in both axes, and anno-
tated overlays are provided to highlight relevant 
anatomy. Note that in the short axis, a direct her-
nia displaces and compresses the spermatic cord 
anteriorly and laterally.

11 Direct Inguinal Hernia
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Fig. 11.3 Inferior epigastric vessels (IEVs) are the main 
landmarks for evaluating inguinal area
Image 1 was obtained in a transverse plane about halfway 
between the umbilicus and the pubic symphysis. The infe-
rior epigastric artery and its paired veins lie along the mid-
lateral posterior surface of the rectus abdominis muscle. 
Image 2 was obtained several centimeters inferiorly, and 
the IEVs lie more laterally. Image 3 was obtained at a 
level where the IEVs (arrow) lie at the edge of the rectus 

muscle. This is the level at which most spigelian hernias 
occur. Once the origin of the inferior epigastric artery is 
identified, the transducer should be rotated into planes 
that are parallel (see line 4 on the drawing) and perpen-
dicular (see image 3) to the inguinal canal—long-axis and 
short-axis views
Modified from: Diagnostic Ultrasound. Dynamic 
Ultrasound of Hernias of the Groin and Anterior 
Abdominal Wall

In general, a direct inguinal hernia will bulge 
towards the US transducer on examination during 
Valsalva. Video 11.1 is an example of ultrasound 
use in hernia evaluation.

“Posterior inguinal wall insufficiency” or 
“conjoint tendon insufficiency” is an entity 
 identifiable with US and considered a precursor 
to direct inguinal hernia. The conjoint tendon is 
comprised of the aponeuroses of the internal 
oblique and transversus abdominus muscles, 
with underlying transversalis fascia. Thinning 
and anterior bulging of the conjoint often occurs 
bilaterally but can cause symptoms unilaterally 

and/or progress to direct inguinal hernia if an 
overt tear or severe thinning occurs. This entity is 
often indistinguishable from direct inguinal her-
nia on the short-axis, but long-axis evaluation 
will show “posterior inguinal wall insufficiency” 
take on a semi-circular shape whereas a direct 
inguinal hernia protrudes inferiorly with a finger- 
like projection. This difference is illustrated in 
Fig. 11.8.

Given the poor negative predictive value of 
US for inguinal hernias, a negative study in a 
symptomatic patient warrants the pursuit of addi-
tional imaging modalities.

J. R. Imbus and J. A. Greenberg
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a

b

Fig. 11.4 Normal right inguinal 
canal, transverse sonogram. The 
IEVs lie medial to the internal ring. 
The thick echogenic inguinal 
ligament (large arrows) lies 
anteriorly, deep to the subcutaneous 
fat (*). Multiple tubular structures 
are seen (small arrows) passing 
medially towards the symphysis 
pubis (SP) and passing through the 
external ring where a defect 
(arrowheads) in the inguinal 
ligament can be visualized.
 With permission from: Practical  
Musculoskeletal Ultrasound [Philip 
Robinson]. Disorders of the Groin 
and Hip: Groin Pain

11 Direct Inguinal Hernia
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e

Fig. 11.5 Normal left inguinal canal, sagittal sonograms. 
(a, b) Image obtained at the level of the inferior epigastric 
vein (*) as it arises from the femoral vein (FV). The ingui-
nal canal is seen as an oval-shaped soft tissue area con-
taining multiple tubular structures (arrows) with rectus 
abdominis (RA) lying superiorly. (c) Medial to position in 

(a). (d, e) Medial to (c) at the level of the superficial ring 
as the contents (arrows) descend over the pubis (Pu) and 
adductor origin (Add)
With permission from: Practical Musculoskeletal 
Ultrasound [Philip Robinson]. Disorders of the Groin and 
Hip: Groin Pain
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Fig. 11.6 Direct Inguinal Hernia
Ultrasound images parallel to the right inguinal canal (a) 
before and (b) during the Valsalva maneuver show abnor-
mal echogenic intra-abdominal contents (arrowheads), 
which protrude anteriorly, medial to the external iliac vas-
culature (A and V) (left side of the image is lateral). 
Ultrasound images in short axis to the right inguinal canal 

(c) before and (d) during the Valsalva maneuver show 
abnormal echogenic intra-abdominal contents (arrow-
heads), which protrude anteriorly and displace the sper-
matic cord (arrow)
With permission from: Fundamentals of Musculoskeletal 
Ultrasound. Hip and Thigh Ultrasound

11 Direct Inguinal Hernia
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a c

b d

Fig. 11.7 Right direct hernia. (a, b) Transverse sono-
gram during straining shows the IEVs and adjacent trans-
versus fascia (arrows) lateral to a hernia of bowel and fat 
(*) entering through the posterior wall defect. (c, d) 
Corresponding sagittal sonogram shows hypoechoic loop 

of bowel (small arrows) pushing through the posterior 
wall (large arrows)
With permission from: Practical Musculoskeletal 
Ultrasound [Philip Robinson]. Disorders of the Groin and 
Hip: Groin Pain
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a

Fig. 11.8 Inguinal wall insufficiency versus direct ingui-
nal hernia
Long-axis views show different appearance of posterior 
inguinal wall insufficiency and direct inguinal hernia. (a) 
Insufficiency of the posterior inguinal wall (long arrows). 
Short arrow is inferior epigastric artery. (b) Frank direct 
inguinal hernia extends distally within the inguinal canal 
in a finger-like projection (long arrows) posterior to the 

spermatic cord. At the level of the proximal inguinal 
canal, the distinction is possible only on long-axis views, 
because insufficiency and frank hernia appear identical on 
short-axis views obtained proximally. Short arrow is infe-
rior epigastric artery
Modified from: Diagnostic Ultrasound. Dynamic 
Ultrasound of Hernias of the Groin and Anterior 
Abdominal Wall

 Multidetector Computed 
Tomography

 Technique

MDCT can be used as an alternative or adjunc-
tive imaging modality to dynamic US.  MDCT 
also finds many incidental inguinal hernias. Thin 
slice reconstruction (≤2.5 mm section) is recom-
mended to optimize coronal and sagittal reforma-
tion. When planned, Valsalva maneuvers can be 
attempted during MDCT to increase detection. 
Intravenous contrast is necessary to visualize the 
interior epigastric vessels to differentiate differ-

ent types of groin hernias. Similarly, oral contrast 
is used to visualize bowel loops which may be 
involved. Figure 11.9 shows coronal reformats to 
visualize a direct inguinal hernia.

 Interpretation of Imaging

The Lateral Crescent sign is a radiographic find-
ing to aid identification of direct inguinal hernias 
on MDCT. Lateral compression and stretching of 
inguinal canal adipose tissue and structures by an 
early direct inguinal hernia can manifest as a 
“moon-like” crescent as illustrated in Fig. 11.10.

11 Direct Inguinal Hernia
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Fig. 11.9 (a) CT coronal reformat demonstrates the 
inguinal ligament (short arrows) and deep inferior epigas-
tric vessels (long arrows). The Hesselbach’s triangle is 
outlined in yellow on the right which superolaterally is 
marginated by the epigastric vessels, medially by the rec-
tus abdominus, and inferiorly by the inguinal ligament. 
(b) Axial CT demonstrates a lateral crescent sign due to a 
fat containing direct inguinal hernias (arrows) displacing 
the contents of the inguinal canal laterally and the fat 

within it transformed into a crescent (arrowheads). (c) CT 
coronal reformat of a different patient demonstrates a fat 
containing direct inguinal hernia (short arrow) coursing 
above the inguinal ligament (arrowheads) with its neck 
medial to deep inferior epigastric vessels (long arrow)
With permission from: V. Trainer et al./Clinical Radiology 
68 (2013) 388–389

a b

Fig. 11.10 Axial contrast-enhanced CT image (a). And 
color-coded image (b). Showing a left direct inguinal her-
nia. The fat and the other inguinal canal contents (outlined 
in yellow) are flattened by the herniated fat and omentum 
(arrow) into a thin lateral “moon-like” crescent. The com-

mon femoral artery (red dot) and vein (blue dot) are seen 
coursing laterally and posteriorly to the hernia
With permission from Schoettle A, Veillon F, Venkatasamy 
A. The lateral crescent sign. Abdominal Radiology 2018 
11;43(11):3195–3196
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Fig. 11.11 (Left) Contrast-enhanced transverse CT scan 
at the level of the right pubic tubercle in a 68-year-old 
female patient. Right femoral hernia (white star), located 
dorsal to the X-axis (X–X′) and lateral to the Y-axis (Y–Y′), 
was correctly diagnosed. Middle) Unenhanced transverse 
CT scan at the level of the right pubic tubercle in an 
80-year-old male patient. Right direct inguinal hernia 
(white star), located ventral to the X-axis (X–X′) and 
strictly to the Y-axis (Y–Y′), was correctly diagnosed. 

Right) Unenhanced transverse CT scan at the level of the 
left pubic tubercle in a 76-year-old male patient. Left indi-
rect inguinal hernia (white star), located ventral to the 
X-axis (X–X′) and crossing medially the Y-axis (Y–Y′), 
was correctly diagnosed
With permission from (From: The pubic tubercle: a CT 
landmark in groin hernia. Delabrousse E, Denue PO, 
Aubry S, Sarliève P, Mantion GA, Kastler BA—Abdom 
Imaging—November 1, 2007; 32 (6); 803–6)

The pubic tubercle has been proposed as a 
landmark to differentiate direct from indirect and 
femoral hernias, particularly in instances when 
the inferior epigastric vessels are difficult to dis-
tinguish as a landmark. After drawing orthogonal 
lines on axial MDCT imaging at the level of the 
pubic tubercle as in Fig. 11.11, dorsal crossing of 
the X-axis suggests femoral origin and medial 
crossing of the Y-axis suggests an indirect ingui-
nal hernia. Although this method has not been 
validated, it may provide insight for surgical 
planning in acute scenarios. Video 11.2 shows a 
CT scan of a patient with a right direct inguinal 
hernia.

 Magnetic Resonance Imaging

MRI is a third-line imaging modality for hernia 
evaluation. However, compared to MDCT and 
US, MRI is far more sensitive, specific, and reli-
able for occult hernia identification. Compared to 
MDCT, MRI does not have ionizing radiation 
exposure or the potential consequences of iodin-
ated intravenous contrast agents. As such, con-
sider MRI when clinical suspicion is high despite 
negative prior studies when exam is  non- congruent 
with reported symptoms, and for atypical presen-

tations of groin pain. Limitations to MRI include 
cost and potentially limited accessibility, and 
variability in insurance coverage for hernia eval-
uation. In general, MRI is seldom used for the 
evaluation of direct inguinal hernias.

 Imaging After Direct Inguinal 
Hernia Repair and Complications

Complications such as hernia recurrence, hema-
toma, seroma, mesh infection, and bowel obstruc-
tion can occur after direct inguinal hernia repair. 
A detailed discussion of surgical repairs for direct 
inguinal hernia is beyond the scope of this chap-
ter, but non-surgeon clinicians and radiologists 
should have a basic understanding of repair 
approaches, techniques, prosthetic meshes, and 
expected postoperative changes when consider-
ing and interpreting imaging studies for sus-
pected complications.

In general, inguinal hernia repairs are per-
formed either from an anterior/open approach or 
a posterior/minimally invasive (laparoscopic or 
robotic) approach. After all minimally invasive 
repairs, some degree of subcutaneous and pre- 
peritoneal air is expected on cross-sectional 
imaging, as well as intraperitoneal air after lapa-
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roscopic transabdominal pre-peritoneal (TAPP) 
repairs. Although some pneumoperitoneum is 
not abnormal after TAPP, the intra-abdominal 
nature and incising of the peritoneum during 
this approach create unique but rare risks includ-
ing iatrogenic bowel injury and intestinal 
obstruction. With respect to obstruction, failure 
to reapproximate the peritoneal flaps created 
during repair can allow bowel entrapment in the 
pre- peritoneal space and potentially bowel 
obstruction or strangulation through an internal 
hernia in the peritoneal closure. Thus, given the 
gravity of consequences if unrecognized, 
patients with evidence of early postoperative 
obstruction or developing peritonitis warrant 
strong consideration for reexploration even if 
imaging is not confirmatory.

Most modern-day open and minimally inva-
sive repairs involve the placement of prosthetic 
mesh in the affected groin for both direct and 
indirect repairs. Large pore polypropylene mesh 
is typical for use, and this material is invisible or 
poorly visible on MDCT due to its isoattenuation 
compared to the surrounding abdominal wall 
muscle and fascia. Polytetrafluoroethylene mesh, 
conversely, has higher attenuation and is readily 
visible on MDCT. Mesh-related infections in the 
groin are uncommon after both open and mini-
mally invasive approaches without typical risk 
factors.

Postoperative fluid collections can be evalu-
ated by MDCT and US.  Seromas commonly 
occur in the inguinal canal and adjacent to pros-
thetic mesh postoperatively and are generally 
self-limited, resolving within weeks following 
the operation. MDCT is typically sufficient to 
differentiate simple fluid from abscess or hema-
toma; however, US can also establish this diagno-
sis as well by demonstrating anechoic fluid. 
Hematomas are characteristically hyperattenuat-
ing on MDCT versus hypoechoic and heteroge-
neous and complex on sonogram. Additionally, 
as most seromas will resolve spontaneously, 
imaging can be deferred if the seroma is decreas-
ing in size on serial office examinations. 
Figure 11.12 demonstrates the US appearance of 
a postoperative hematoma after a direct inguinal 
hernia repair.

b

a

c

Fig. 11.12 Left inguinal mass after direct hernia repair, 
transverse sonograms. (a, b) A well-defined hyperechoic 
linear structure (arrows) lies on the deep aspect of the ingui-
nal canal and has the typical appearance of a mesh placed 
over the posterior inguinal wall. However, filling the canal is 
a lobulated, predominantly heterogeneous soft tissue mass 
consistent with a postoperative hematoma (arrows). (c) 
Color Doppler shows no flow within the solid areas
With permission from: Practical Musculoskeletal 
Ultrasound [Philip Robinson]. Disorders of the Groin and 
Hip: Groin Pain

J. R. Imbus and J. A. Greenberg
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 Conclusion

In summary, direct inguinal hernias occur in 
Hesselbach’s triangle. Although a thorough 
history and physical exam obviate the need for 
radiologic evaluation of inguinal hernias in 
most situations, multiple imaging modalities 
exist to aid diagnosis when indicated. Dynamic 
US is the preferred modality to image direct 
inguinal hernias. MDCT and to some extent 
MRI are also useful in characterizing hernias 
and differentiating from non-hernia inguinal 
pathology. Finally, imaging can be useful 
when evaluating for complications after 
herniorrhaphy.
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12Indirect Inguinal Hernia

Oscar Gonzalo Talledo Zevallos, Kayla M. Watkins, 
Jason M. Wagner, and Laura E. Fischer

 Introduction

Inguinal hernia repair is one of the most com-
mon general surgery procedures, with over 
800,000 inguinal hernia repairs performed each 
year in the United States. One in three males 
will develop a hernia at some point during his 
lifetime. While groin hernias are more common 
in male patients, females can also develop ingui-
nal hernias. Patients present in the elective, 
urgent, and emergent settings and ages range 
from less than 1 year to more than 80 years old. 
Sometimes, an inguinal hernia is obvious on 
physical exam; however, patients will often 
present with complaints consistent with a her-
nia, but a palpable defect is difficult to identify. 
The development of modern technology and 

advanced imaging has improved the diagnostic 
accuracy of challenging inguinal hernias. In this 
chapter, we will describe indirect inguinal her-
nia, the most common type of inguinal hernia, 
and its characteristics in multiple different 
imaging modalities. We discuss methods of 
diagnosis and best utilization practices for 
imaging modalities, specifically ultrasound 
(whether dynamic or standard), CT scan, or 
MRI.

 Symptoms

The majority of inguinal hernias (in the non- 
emergent, clinic setting) are diagnosed based on 
a patient’s history of present illness and their 
physical exam findings. There is a wide range of 
clinical presentations. In the non-emergent set-
ting, generally, patients will present with a bulge 
or discomfort in the groin [1]. Occasionally, they 
will comment that they were straining and felt a 
pull or pop in the groin with discomfort follow-
ing intermittently. Some patients will have a 
bulge that reduces spontaneously, some will 
reduce with lying down, pulling knees to chest 
and reducing manually, while others will be 
chronically incarcerated with the inability to 
reduce the hernia on exam.

In the emergent setting, we commonly see 
patients who come in with a bulge in the groin 
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that has been “out” for a significant amount of 
time where it may have been reducible previ-
ously. We see symptoms of bowel obstruction 
including nausea, emesis, increasing pain, obsti-
pation, and constipation. With these hernias, we 
may attempt reduction in the emergency depart-
ment but most commonly have to take the patients 
to the operating room urgently for repair and 
examination of the incarcerated bowel for isch-
emia or necrosis.

In both settings, it is important to rule out 
other causes of a bulge or discomfort in the groin 
including hydrocele, lymphadenopathy, testicu-
lar torsion, or musculoskeletal strain.

Hernias are more common in males than 
females; however, of the different types of her-
nias, the most common among both genders is 
the indirect inguinal hernia.

 Physical Exam Findings

As stated previously, most of the time a good his-
tory and physical exam is all that is needed to 
diagnose an inguinal hernia. An adequate physi-
cal exam has reported diagnostic sensitivities and 
specificities above 75%.

When performing an exam for a potential her-
nia in a male patient, the examiner invaginates 
the scrotum and places a finger through the exter-
nal ring or into the inguinal canal (see below sec-
tion for anatomy review). The examiner should 
then ask the patient to perform a Valsalva maneu-
ver by either bearing down as if having a bowel 
movement or coughing to the side. Using this 
maneuver, a palpable defect or weakness in the 
inguinal floor may be identified, especially if a 
large hernia is not obvious on visual inspection. It 
is also useful to perform the groin examination in 
both the standing and supine positions, especially 
for female patients. Inguinal hernias in female 
patients are slightly more difficult to diagnose. 
During physical examination, the area lateral to 
the pubic tubercle should be palpated to assess 
for bulges or defects. A Valsalva maneuver may 
be performed here as well. In addition to check-
ing both groins for defect, the umbilicus should 
be examined for potential hernia, as well.

The majority of patients who present with the 
typical symptoms will have a palpable defect or 
bulge on exam. A symptomatic bulge noted on 
physical exam is typically sufficent for diagnosis 
and operative planning. However, some patients 
have more vague symptoms or slower onset of pain 
or discomfort. In these instances, imaging studies 
can be very useful for confirming the suspected 
diagnosis and aiding in surgical planning [2].

 Anatomy

The anatomy of the inguinal region is arguably 
one of the most challenging to understand and 
identify. There are three different types of ingui-
nal hernias seen most commonly by general sur-
geons: indirect, direct, and femoral hernias. 
While the treatment or options for repair are rela-
tively similar between these three considering all 
three defects are encompassed by the myopectin-
eal orifice and covered completely by mesh dur-
ing a laparoscopic or robotic repair, they differ in 
their anatomic relationships to important struc-
tures in the groin. Indirect inguinal hernias pro-
trude through the internal inguinal ring into the 
inguinal canal and can be seen entering lateral to 
the epigastric vessels on imaging or during lapa-
roscopy. Direct inguinal hernias protrude through 
a weak point in the transversalis fascia medial to 
the epigastric vessels—within the triangle of 
Hesselbach, which is bordered medially by the 
lateral border of the rectus, laterally by the epi-
gastric vessels and inferiorly by the inguinal liga-
ment. Femoral hernias, which are generally the 
most worrisome for potential obstruction, pro-
trude inferior to the inguinal ligament and medial 
to the iliofemoral vessels.

The abdominal wall consists of multiple lay-
ers of muscle with associated fascia underneath 
the skin and subcutaneous adipose tissue. From 
superficial to deep, they are Scarpa and Camper 
fascia, the external oblique fascia and muscle, 
internal oblique fascia and muscle, and the 
 transversus abdominis muscle [3]. The transver-
salis fascia is identified next followed by preperi-
toneal fat, peritoneum and then the peritoneal 
cavity housing the intestines, solid organs, etc.
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The inguinal floor is made up of the abdomi-
nal wall muscles listed above and is located 
between the anterior superior iliac spine and the 
pubic tubercle. The inguinal canal is the space 
that contains the spermatic cord structures (tes-
ticular vessels and vas deferens) in men and 
round ligament in women. It is bounded by the 
external oblique fascia anteriorly (also known as 
the “roof” of the inguinal canal), the inguinal 
ligament inferiorly, the conjoint tendon superi-
orly, which is made up of the transversus abdomi-
nis and internal oblique, and the transversalis 
fascia posteriorly (also known as the “floor” of 
the inguinal canal). The internal and external 
rings are located at either end of the inguinal 
canal. In order to better understand the “roof” 
and “floor” designations, it is helpful to picture 
the patient in a supine position.

When performing a laparoscopic or robotic 
repair of an inguinal hernia the preperitoneal 
space is entered. It is in this plane that reduction 
of the hernia occurs, relevant anatomy is identi-
fied, the myopectineal orifice is cleared and mesh 
is placed to reduce future hernia recurrence. Two 
important anatomical spaces to identify during 
hernia repair are the triangles of doom and pain. 
The “tringle of doom” is bordered by the vas def-
erens medially, the gonadal vessels laterally, and 
the peritoneal reflection. Its contents are the 
external iliac vessels which if injured can lead to 
difficult to control bleeding. The “triangle of 
pain” is directly lateral to the “triangle of doom” 
and is bordered by the gonadal vessels medially, 
the iliopubic tract laterally, and the peritoneal 
reflection. This triangle contains the lateral femo-
ral cutaneous nerve, the femoral branch of the 
genitofemoral nerve, and the femoral nerve. It is 
important to avoid excessive dissection and tack-
ing within this anatomic triangle as chronic pain 
is a difficult to manage complication of this pro-
cedure [4].

 Imaging

Although physical examination is the gold stan-
dard for the diagnosis of inguinal hernias, there 
are some scenarios in which a physical exam 

might not be conclusive, especially for patients 
who may be obese or have had multiple prior 
operations in the inguinal region. Diagnostic 
imaging options include ultrasound (still and 
dynamic), computed tomography scans, and 
magnetic resonance imaging.

 Ultrasound

Ultrasound (US) is relatively inexpensive, nonin-
vasive, portable, and fast; however, the sonogra-
pher’s ability to perform the exam in both the 
supine and upright/standing position, as well as 
including a dynamic assessment, makes US par-
ticularly advantageous. Figure 12.1 demonstrates 
normal inguinal anatomy on ultrasound evalua-
tion while Fig. 12.2 provides a view of a normal 
inguinal ligament, whereas Fig.  12.3 and 
Fig. 12.4 reveal indirect inguinal hernias contain-
ing small bowel and ascites, respectively. 
Figure 12.5 reveals both fluid and the appendix 
within the hernia sac consistent with an Amyand’s 
hernia. In Fig. 12.6, we demonstrate the anatomy 
of an indirect inguinal hernia which was previ-
ously discussed. Here we see the inferior epigas-
tric vessels which are circled in blue. Again, this 
is what differentiates an indirect, lateral to the 
vessels, from a direct hernia, medial to the ves-
sels. Video 12.1 demonstrates physiologic soft 

Fig. 12.1 Longitudinal ultrasound image of normal 
inguinal canal. The head of the patient is towards the left 
side of the picture. The internal inguinal canal is identified 
by the arrow
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Fig. 12.2 Normal inguinal ligament of a young female. 
The pubic bone is towards the right side of the picture

Fig. 12.3 Extended field of view longitudinal ultrasound 
image depicting a small bowel containing indirect ingui-
nal hernia while the patient is in the standing position. The 
larger arrow identifies the testicle while the diagonal 
arrow identifies herniated small bowel

Fig. 12.4 Extended field of view longitudinal ultrasound 
image depicting hernia distended with ascites

tissue movement during a Valsalva maneuver, the 
same as performed during simple physical exam.

Dynamic inguinal ultrasound is described to 
have a diagnostic sensitivity of 98% and a speci-
ficity of 99% [5]. Usually performed in a stan-
dardized technique, the multifrequency linear 
transducer is placed vertically over the medial 
aspect of the groin to visualize the pubic tubercle 

and rectus muscle. Subsequently, it is placed 
diagonally over the inguinal canal (parallel to the 
cord structures) and the patient is, again, asked to 
perform the Valsalva maneuver allowing identifi-
cation of a hernia sac parallel to the cord 
 structures. Turning the probe 90 degrees will pro-
vide a perpendicular view of the spermatic cord 
and will help to localize the position of the hernia 
sac medial or lateral to the epigastric vessels. 
Lastly, the probe is placed longitudinally over the 
femoral and iliac vessels. Here, a protrusion of a 
hernia sac under the inguinal ligament parallel 
and medial to the iliofemoral vessels can be 
appreciated in a patient with a femoral hernia [6]. 
Video 12.2 demonstrates a longitudinal view of 
an indirect inguinal hernia with small bowel pro-
trusion into the inguinal canal when the patient is 
asked to cough/perform Valsalva. Video 12.3 
demonstrates longitudinal view of an indirect 
inguinal hernia during compression with ultra-
sound probe. Three other interesting ultrasound 
images are included below.

 Computed Tomography

Computed tomography (CT) scans are particu-
larly useful in the setting of larger hernias or 
patients with obesity. One advantage to CT scan 
is being able to better visualize the contents of 
the hernia. CT scans are also particularly useful 
in the setting of a recurrence where the clinical 
picture may not be as easily diagnostic of hernia 
as it would be for an initial evaluation. The disad-
vantages of a CT scan are cost, especially in com-
parison to the cheaper and readily available 
ultrasound, and the radiation dose, which is 
avoided with ultrasound.

When performing CT scans for evaluation of 
inguinal hernias, it is important to use intrave-
nous contrast so that the vasculature is clearly 
delineated and we can evaluate for any other 
pathologies. A contrast CT scan of an inguinal 
hernia is particularly useful in the setting of a 
hernia recurrence and the position of previously 
placed mesh in relation to the vasculature is 
paramount in operative planning. Figure 12.7 is 
a still image extracted from a contrasted CT 
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Fig. 12.5 Longitudinal and transverse images of fluid and the appendix within an inguinal hernia

Fig. 12.6 Doppler longitudinal view of a fat containing 
indirect inguinal hernia. The inferior epigastric vessel is 
seen as a blue circular image

Fig. 12.7 Axial view of the pelvis with normal inguinal 
anatomy and no evidence of inguinal hernia

scan with normal anatomy while Fig.  12.8 
shows an indirect inguinal hernia containing a 
loop of the small intestine. An advanced CT 
technique uses a protocol that takes images in 
the standard, supine position and compares 
them to images of the patient performing a 
Valsalva maneuver. This technique is similar to 
a dynamic ultrasound.

 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is advanta-
geous in patients who present with symptoms of 
a defect that is difficult to palpate. It is also ben-
eficial for patients in whom we would like to 
avoid the radiation dose of a CT scan, such as 
young adults or women of child-bearing age. 
MRI is also useful if the physician is suspecting a 
musculoskeletal issue or other pathology as the 
source of the patient’s discomfort as this imaging 
modality is better for the evaluation and diagno-
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Fig. 12.8 Axial view of a left inguinal hernia containing 
a loop of bowel

Fig. 12.9 MRI with bilateral inguinal hernias

Fig. 12.10 Upright abdominal film with gas in bowel 
within inguinal hernia

sis of ligamentous injuries, strain, and lumbar 
spine/muscle abnormalities.

An obvious disadvantage to MRIs is the 
increased expense and longer time for 
 examination as the average pelvic MRI takes 
approximately 30–60 min. While dynamic MRI 
may help make the diagnosis of an indirect ingui-
nal hernia, this adds additional time to the stan-
dard MRI procedure. Figure  12.9 demonstrates 
bilateral inguinal hernias discovered with MRI.

 X-ray

While x-rays are neither particularly sensitive nor 
specific for diagnosing inguinal hernias, we are 

sometimes able to identify bowel within a hernia 
sac by identifying bowel gas or haustra within the 
inguinal canal as shown in Fig. 12.10 below.

 Treatment

Many years ago, it was thought that all inguinal 
hernias should be repaired due to the risk of 
incarceration and strangulation, resulting in the 
need for an emergent operation. However, 
recently, there have been studies supporting 
observation in asymptomatic or minimally symp-
tomatic hernias [7]. The only definitive treatment 
option for inguinal hernias, though, is operative 
intervention.

Previously, most initial and unilateral hernias 
were repaired using an open mesh technique. 
Recently, general surgeons are adopting a mini-
mally invasive approach for initial hernias as it 
results in earlier return to work and the ability to 
evaluate bilateral groins during the same anes-
thetic. Larger or incarcerated hernias may be 
best treated with either robotic or open repairs, 
and sometimes even a combination of the two. A 
good rule of thumb for repairing recurrent ingui-
nal hernias, which can occur up to 9.9% of open 
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mesh repairs [8], is to perform the repair from 
the opposite approach of the original procedure. 
For example, if a laparoscopic or robotic repair 
was performed initially, then an open repair 
should be performed for a recurrence and vice 
versa.

 Conclusion

Indirect inguinal hernia is the most common her-
nia defect in adults and can be evaluated through 
the use of static and dynamic US, CT, and MRI 
for improved surgical care.

References

1. Cameron JL, Cameron A. Current surgical therapy. 
Philadelphia: Mosby Elsevier. 2017;12:623–9.

2. Fischer JE. Fischer’s mastery of surgery. New Delhi: 
Wolters Kluwer Health/Lippincott Williams & 
Wilkins. 2012 (6):2063–90.

3. Miller HJ.  Inguinal hernia: mastering the anatomy. 
Surg Clin N Am. 2018;98(3):607–21. https://doi.
org/10.1016/j.suc.2018.02.005.

4. Dimick JB, Upchurch GR, Sonnenday CJ, Kao LS. 
Clinical scenarios in surgery: decision making and 
operative technique. Philadelphia: Wolters Kluwer. 
2019 (1):3–20.

5. Niebuhr H, König A, Pawlak M, et  al. Groin hernia 
diagnostics: dynamic inguinal ultrasound (DIUS). 
Langenbecks Arch Surg. 2017;402:1039–45.

6. Stavros AT, Rapp C. Dynamic ultrasound of hernias of 
the groin and anterior abdominal wall. Ultrasound Q. 
2010;26(3):135–69.

7. Fitzgibbons RJ, Giobbie-Hurder A, Gibbs JO, et  al. 
Watchful waiting vs repair of inguinal hernia in mini-
mally symptomatic men: a randomized clinical trial. 
JAMA. 2006;295(3):285–92. https://doi.org/10.1001/
jama.295.3.285.

8. Gopal SV, Warrier A.  Recurrence after groin hernia 
repair-revisited. Int J Surg. 2013;11(5):374–7. https://
doi.org/10.1016/j.ijsu.2013.03.012.

12 Indirect Inguinal Hernia

https://doi.org/10.1016/j.suc.2018.02.005
https://doi.org/10.1016/j.suc.2018.02.005
https://doi.org/10.1001/jama.295.3.285
https://doi.org/10.1001/jama.295.3.285
https://doi.org/10.1016/j.ijsu.2013.03.012
https://doi.org/10.1016/j.ijsu.2013.03.012


147

13Femoral Hernia

Clayton C. Petro

 Introduction

Femoral hernias have unique clinical characteris-
tics attributable to their relevant anatomy. Most 
significant is that the femoral canal’s entrance 
has rigid borders (Fig. 13.1) (Video 13.1):

• Anterior—Inguinal ligament or iliopubic tract
• Posterior—Pectineal or Cooper’s ligament
• Lateral—Femoral vein
• Medial—Lacunar portion of the inguinal 

ligament

Typically, the space contains lymphatics and 
loose adipose connective tissue and its entrance 
is closed by a femoral septum of extraperitoneal 
tissue. Still, it is an area of weakness prone to 
hernia formation in aging patients, particularly 
women where the ring is relatively wider and 
loosens during pregnancy due to physical and 
hormonal changes. As such, femoral hernias are 
notoriously more common in females, by a ratio 
of 4:1. Since inguinal hernias, in general, are 

more common in men, femoral hernias account 
for less than 1% of defects in a male myopectin-
eal orifice, while they account for 20% of groin 
hernias in women. Also—for unclear reasons—
femoral hernias are almost twice as likely to be 
on the right. When the hernia sac of the perito-
neum descends through the femoral canal, its 
caudal path is interrupted by the femoral sheath 
and insertion of the saphenous vein into the fem-
oral vein. Consequently, the hernia sac typically 
turns forward and upward often reflecting back 
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over the inguinal ligament. This explains the dif-
ficulty in clinically distinguishing a femoral from 
a direct or indirect hernia, despite the experience 
of the examining surgeon.

The aforementioned rigidity of the femoral 
canal entrance puts these patients at a particularly 
high risk of strangulation and emergent presenta-
tion. One group reported a 22% probability of 
strangulation within 3 months of diagnosis, esca-
lating to 45% at 2  years. When compared to 
direct and indirect inguinal hernia, where watch-
ful waiting of asymptomatic or minimally symp-
tomatic patients is considered safe, the same 
cannot be said for femoral hernias. If appropri-
ately identified in the elective setting, true femo-
ral hernias should be repaired with a much greater 
sense of urgency. That said, many femoral her-
nias are encountered unexpectedly, mistaken for 
a direct or indirect inguinal hernia or when the 
clinician is distracted by an emergent presenta-
tion. For that reason, any general surgeon needs 
to be prepared to deal with this problem. While 
several options for repair will be discussed later, 
a comprehensive understanding of the relevant 
anatomy, close review of any preoperative imag-
ing, and a high index of suspicion are ultimately 
going to facilitate appropriate identification and 
chosen operative approach.

 Patient Selection

As was mentioned previously, most true femoral 
hernias should be fixed when they are diagnosed 
so as to avoid an emergent presentation. However, 
the designation of “true” is a subtle but important 
component of our institution’s bias. Any patient 
with an easily palpable bulge or imaging (ultra-
sound or cross-sectional) that demonstrates intra- 
abdominal viscera in the femoral space should be 
repaired. Alternatively, surgeons should beware of 
a common clinical scenario—young patients pre-
senting with groin pain but without a palpable 
bulge, and who subsequently undergo a dynamic 
ultrasound (US) of the groin (Video 13.2). Often, a 
well-meaning ultrasonographer will identify 
mobile pre-peritoneal fat in the femoral canal and 
assign the diagnosis of a femoral hernia. Even in 

the absence of a concomitant direct/indirect defect, 
this designation can begin a cascade of events that 
leads to the placement of mesh in the groin, but 
commonly will not alleviate—and may even exac-
erbate—the patient’s pain. While the treatment of 
groin pain attributable to a “sports hernia” or ath-
letic pubalgia is controversial and beyond the 
scope of this chapter, I do think it is worth acknowl-
edging the stark contrast between these two ends 
of the clinical spectrum. The surgeon should recall 
that clinically meaningful femoral hernias are 
exceedingly more common in older patients and 
should be repaired expediently and that young 
patients with pain attributable to mobile fat in the 
femoral canal should be approached with cau-
tion—in our opinion non-operatively.

 CT Scan Findings

CT scans can often reliably distinguish femoral 
hernias from direct or indirect inguinal hernias. 
While anatomic landmarks on cross-sectional 
imaging are useful, there are specific findings 
used by radiologists to identify a femoral hernia 
of which surgeons should be aware.

 1. Since the femoral canal rests on the proximal 
insertion of the pectineus muscle, a femoral 
hernia is immediately anterior to Cooper’s 
ligament (Fig. 13.2a, b). Admittedly, the spec-
ificity of this finding is unreliable as large 
direct inguinal hernias can have a similar 
appearance on axial cross-sections where it is 
not always possible to tell if the hernia is 
above or below the inguinal ligament.

 2. To aid the aforementioned distinction, coronal 
CT cuts will often reliably distinguish whether 
a groin hernia is above (inguinal) or below 
(femoral) the inguinal ligament, even in the 
presence of inflammation (Fig. 13.2c, d).

 3. Most femoral hernia sacs remain lateral to the 
pubic tubercle while direct and indirect hernia 
sacs will often track medial to the pubic tuber-
cle (Fig. 13.2e).

 4. A femoral hernia will emerge caudal, inferior, 
and medial to the origin of the inferior epigas-
tric artery (Fig. 13.2a, b). While direct ingui-
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Fig. 13.2 CT scan of a left femoral hernia with strangu-
lated small bowel. (a/b) Note: (i) The presence of the left 
femoral hernia sac (green) whose origin is inferior to the 
inguinal ligament (yellow) caudad to the inferior epigas-
tric artery (red) and anterior to the pectineal ligament 
(orange). (ii) Significant compression of the left femoral 
vein (blue). (c) Femoral hernia seen just medial to femoral 
vessels. (d) This image is one slice ventral to the image in 
Fig.  13.3c, demonstrating that the inguinal ligament is 

ventral to the hernia sac, indicating a femoral defect. (e) 
Note that the hernia sac remains lateral to the pubic tuber-
cle. Edema within the femoral hernia sac (green) sur-
rounding a strangulated loop of small intestine. (f) Note 
almost complete compressions of the left femoral vein at 
the origin of the femoral canal. (g) Caudal to femoral vein 
compression, note collateral venous engorgement distinct 
from the contralateral side
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nal hernias are also medial to the epigastric 
artery, their origin is cephalad to the inferior 
epigastric artery’s takeoff from the iliac artery.

 5. Given the high risk of strangulation for femo-
ral hernias, significant edema surrounding 
incarcerated contents is common (Fig. 13.2e), 
but again not reliably specific.

 6. The most sensitive and specific finding for 
femoral hernias is compression of the fem-
oral vein. Given the tight opening of the 
femoral canal and its rigid borders, a 
strangulated femoral hernia can have a sig-
nificant mass effect, causing either concav-
ity or almost complete compression of the 
adjacent femoral vein (Fig. 13.2f).

 7. A secondary finding caudal to venous com-
pression is venous engorgement of the distal 
femoral vein and its collaterals (Fig. 13.2g).

 Dynamic Groin Ultrasound

At our institution, we make liberal use of the 
dynamic groin US in several contexts. Most com-
monly, it is helpful to diagnose an inguinal hernia 
when the physical exam is equivocal. Likewise, it 
is also helpful to diagnose an occult recurrence or 
nerve entrapment, either of which could be the 
cause of chronic groin pain following repair. In 
the context of diagnosing a femoral hernia, we 
will specifically describe how a dynamic groin 
US is used.

 1. After assessing the patient for a direct or indi-
rect inguinal hernia, the ultrasonographer then 
makes a dedicated effort to determine if a 
femoral hernia is present. The patient remains 
in the supine position with the leg straight. 
While some begin this exam holding the 

transducer in the vertical or longitudinal posi-
tion, we typically prefer to start with the trans-
ducer in the transverse position. This allows 
the user to quickly orient themselves by 
attaining a cross-section view of the femoral 
vessels. (Fig. 13.3a–c)

 2. Next the transducer is moved towards the feet 
until the greater saphenous vein is identified 
medially as it empties into the femoral vein—
this is the caudal extent of the exam. 
(Fig. 13.3d)

 3. As the transducer—remaining in the trans-
verse position—is moved cephalad, the femo-
ral space is identified just anterior to the 
pectineus muscle, which inserts on the pectin-
eal ligament. To widen this view, the patient’s 
leg can be abducted (bent at the knee and 
relaxed laterally—“frog leg”).

 4. The patient is then asked to perform a Valsalva 
maneuver. If a femoral hernia is present, the 
ultrasonographer will note the protrusion of 
mobile fat or viscera above the pectineus mus-
cle that compresses the adjacent femoral vein. 
(Fig. 13.3f–h).

 5. If it is difficult to discern whether or not the 
protrusion is above or below the inguinal liga-
ment—a direct or femoral hernia respec-
tively—the transducer can then be turned to 
the vertical or longitudinal position to help 
clarify this. Additionally, as was mentioned in 
the discussion regarding CT scans, direct her-
nias typically emanate caudad to the takeoff 
of the inferior epigastric artery from the iliac 
artery. The takeoff of the epigastric artery is 
therefore the cephalad extent of this examina-
tion and its visualization should make the 
examiner pause to confirm that the associated 
hernia is not originating above the inguinal 
ligament.
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Fig. 13.3 Dynamic ultrasound to identify a femoral her-
nia. (a) The patient is supine with their leg straight and the 
ultrasound probe is held in the transverse position to 
obtain a cross-section of the femoral vessels. (b, c) Cross-
section of the femoral vessels—for orientation medial and 
lateral (M & L) are marked. The femoral vein is marked in 
blue and the femoral artery is marked in red. (d) The 

greater saphenous vein empties medially into the femoral 
vein. This is the caudal extent of the exam. (e) The caudal 
extent of the potential femoral space (green star) is bor-
dered inferiorly by the pectineus muscle (orange). (f–h) 
Note sequential compression of the femoral vein with 
Valsalva as fat moves into the femoral space
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 Clinical Pearls

Femoral hernia repair is not straightforward for 
several reasons. First, the somewhat frequent 
emergent presentation of these hernias can heav-
ily dictate repair options. A strangulated piece of 
bowel may require a bowel resection and that 
added level of contamination may make the sur-
geon reluctant to place a piece of mesh. For that 
reason, a tissue repair is often necessary, and 
those techniques are typically not a routine part 
of most contemporary surgeons’ practice. Even 
still, there are several options for open primary 
repair depending on whether the surgeon recog-
nizes the femoral hernia diagnosis preoperatively 
and whether or not there is a concomitant direct/
indirect defect as well. Next, even if the surgeon 
is comfortable with minimally invasive 
approaches, an incarcerated piece of small intes-
tine causing an associated bowel obstruction may 
make a minimally invasive approach impossible 
or at least technically challenging. For these rea-
sons, decision-making can be complex, yet the 
surgeon must be ready to deal with the many per-
mutations of each scenario unexpectedly. It is not 
surprising that such cases—harkening back to 
traditional non-mesh repairs, which require a 
good understanding of inguinal anatomy—are 
often highlighted on surgical exams.

In the elective setting, a totally extraperitoneal 
(TEP) or transabdominal pre-peritoneal (TAPP) 
laparoscopic approach offers an advantageous 
perspective for identification of a femoral hernia 
as long as the surgeon recognizes its location 
below the inguinal ligament (Fig. 13.4a). Either 
pre-peritoneal approach does not differ in its ulti-
mate execution, as mesh placement during this 
operation for an inguinal hernia should typically 
cover the opening of the femoral space as well 
(Fig.  13.4b). While minimally invasive 
approaches are possible during emergent presen-
tations, exposure can be limited by bowel disten-
tion in the setting of incarceration and an 
associated obstruction. In these situations, the 
TEP approach should be avoided so that the 
incarcerated and potentially strangulated viscera 
can be assessed, reduced under direct visualiza-
tion, and repaired/resected if needed. Those ben-
efits are offered by the TAPP approach, assuming 
that there is sufficient working space. If the con-
tents of the incarcerated hernia do not reduce 
with gentle traction, we recommend sharp divi-
sion of the lacunar ligament (medially) or ingui-
nal ligament (anteriorly) to widen the opening of 
the femoral canal. If the viscera reduces, the sur-
geon can assess the bowel laparoscopically and 
decide if a resection is necessary, and that can be 
done laparoscopically or through a small lapa-

a b

Fig. 13.4 Laparoscopic transabdominal pre-peritoneal 
repair of a femoral hernia. (a) Incarcerated omentum 
within a right femoral hernia during a transabdominal pre- 
peritoneal repair with a patient in Trendelenburg position. 
Note the tight size of the defect located anterior to 
Cooper’s ligament, and just medial to the femoral vessels. 

(b) After developing the pre-peritoneal plane and reduc-
ing the femoral hernia sac, note the empty femoral space 
(yellow star) bounded medially by the lacunar ligament, 
inferiorly by Cooper’s ligament, and anteriorly by the 
inguinal ligament
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rotomy depending on the surgeon’s preference. If 
a bowel resection is not necessary, a TAPP repair 
can be done with pre-peritoneal mesh placement. 
In the scenario where a bowel resection is done, 
some would consider the use of a permanent 
mesh as controversial in a contaminated setting. 
As such, laparoscopic primary closure of the 
femoral defect—sewing the anterior inguinal 
ligament to the posterior Coopers ligament—is a 
perfectly safe and acceptable way to temporize 
an emergent situation. As was highlighted, while 
laparoscopic approaches are favorable in the 
elective setting for identifying and repair femoral 
defects, there are numerous limitations in the 
emergent setting. Specifically, poor exposure or 
any difficulty reducing the hernia contents should 
prompt conversion to an open approach, and 
these techniques are discussed next.

Open approaches to femoral hernia repair are 
likewise heavily dictated by the context of the 
presentation. Occasionally, a femoral hernia is 
identified unexpectedly during an elective open 
inguinal hernia repair as a groin bulge on the 
medial thigh emanating below the inguinal liga-
ment. Opening of the floor of the inguinal canal 
by dividing transversalis fascia to enter the pre- 
peritoneal plane allows for proper identification 
and some surgeons would suggest this practice be 
done routinely—particularly in women—so as 
not to miss an occult femoral hernia at the time of 
a concomitant inguinal hernia repair. Once iden-
tified, reduction can be difficult and as was men-
tioned previously, can be aided by division of the 
anterior inguinal ligament or medial division of 
the lacunar ligament. The latter can be compli-
cated by an aberrant obturator vessel in 30% of 
cases and as such inguinal ligament division is 
considered preferable (Fig. 13.5). Once reduced, 
repair options are numerous. In an elective set-
ting, one option is placement of a mesh plug in 
the femoral canal, which can be secured to the 
adjacent inguinal and pectineal ligaments. That 
said, our institution’s experience with mesh plugs 
and their association with chronic pain has biased 
our use against these. Rather, the opening of the 
inguinal floor allows for the placement of a flat 
piece of synthetic mesh in the pre-peritoneal 
space that will reinforce the entire myopectineal 

orifice in a tension free manner. Securing the 
prosthetic to Cooper’s ligament inferiorly will 
cover the opening of the femoral canal.

In the emergent setting, where a bowel resec-
tion is necessary and gangrenous changes to the 
incarcerated contents obviate the placement of a 
synthetic mesh, options for primary repair are 
again numerous. If the floor of the inguinal canal 
was likewise opened by dividing the transversalis 
fascia as in a traditional inguinal hernia repair, the 
femoral space can be addressed in several ways. 
One option is simple suture repair by tacking the 
anterior inguinal ligament to Coopers’s ligament 
posteriorly. Alternatively, a purse-string stitch can 
be used and secured to the inguinal, lacunar, pec-
tineal ligaments, and femoral sheath. Finally, a 
Cooper ligament repair is my preference as its ver-
satility addresses both inguinal and femoral her-
nias defects. Here, the conjoined tendon is secured 
to Cooper’s ligament from medial to lateral and 
eventually transitioned to the shelving edge of the 
inguinal ligament when the femoral vein is 
encountered. While more traditionally described 
with simple interrupted silk sutures, my prefer-
ence in a contaminated setting is to perform this 
with 2-0 slowly absorbable monofilament suture 
using a figure of 8’s (Fig. 13.6). In anticipation of 
some tension on the repair, all sutures are placed 
before tying them down so as to distribute the ten-
sion evenly to each stitch and avoid tearing of the 
conjoined tendon. While a classic McVay repair 

Fig. 13.5 Strangulated Small Bowel Liberated from a 
Femoral Defect. Strangulated intestine within a femoral 
hernia defect liberated by partially dividing the inguinal 
ligament anteriorly
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adds a relaxing incision of the external oblique as 
it inserts into the anterior rectus fascia for 
4–5  inches from the pubic tubercle cephalad, I 
somewhat disagree with this philosophically. In 
modern times, these repairs are typically done in 
extremes and the goal is mostly to provide a tem-
porizing solution for a patient in extremes that are 
offered by sturdy fixation of the conjoined tendon 
to Cooper’s ligament  regardless of the tension. 
Adding a 4–5-inch relaxing incision may ulti-
mately lead to a more complex suprapubic defect 
and make a future repair more complex. I liken 
this to an emergent laparotomy in the context of a 
ventral hernia, where primary repair is often pre-
ferred to a separation of components.

Finally, a unique approach could be under-
taken in the emergent setting if an isolated femo-
ral hernia is encountered in the absence of a 
concomitant inguinal hernia and the surgeon is 
able to appreciate this preoperatively. Either a 
lower transverse or vertical incision can be made 
in the groin over the femoral bulge, caudal to the 
inguinal ligament. Rather than opening the ingui-
nal canal as in a traditional inguinal hernia repair, 
the femoral hernia sac can be dissected and iso-
lated as it exits the femoral canal (Fig.  13.7a). 

Fig. 13.6 Cooper Ligament Repair (Right). Right 
Cooper ligament repair—the conjoined tendon is secured 
to the pectineal ligament medially (right) and the inguinal 
ligament laterally (left). The entire myopectineal orifice is 
closed beneath the elevated spermatic cord

a b

Fig. 13.7 Incarcerated femoral hernia contents. (a) 
Incarcerated femoral hernia contents approached by a ver-
tical cut-down on the femoral hernia sac without entering 

the inguinal canal. (b) Primary closure of the inguinal 
ligament (anteriorly) to Cooper’s ligament posteriorly
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Again, the liberation of the hernia contents is 
most safely done by dividing some of the ingui-
nal ligament anteriorly. I have also used a right 
angle to hook medial fibers of the lacunar liga-
ment and divide them sharply but as was previ-
ously mentioned, this can be treacherous if 
aberrant obturator vessels are encountered. 
Once the hernia contents are liberated and 
reduced, the femoral space can be closed pri-
marily by approximating the inguinal ligament 
to the pectineal ligament from this caudal per-
spective (Fig.  13.7b). A limitation of this 
approach is that if a bowel resection is required, 
the small space often makes reduction of an 
anastomosis challenging.

 Literature Review

High-level evidence regarding femoral hernias is 
sparse, but the data that does exist is either 
extremely practical in terms of diagnosis or 
remarkably detailed from large prospectively 
maintained databases in Europe. These archives 
provide an enviable treasure trove of information 
that is necessary given the relative rarity of femo-
ral hernias that precludes any prospective ran-
domized trials.

In regards to the specific diagnosis of a femo-
ral hernia by CT, one Japanese review of 215 
groin hernia CTs found that the combined find-
ings of femoral vein compression and a “local-
ized” hernia sac lateral to the pubic tubercle 
successfully identified 11/11 femoral hernias and 
was exceedingly rare in inguinal hernias (1/92)—
p  <  0.0001 [1]. A separate Japanese study 
reviewed 75 groin hernias in 71 patients, of which 
28 were femoral and 47 were inguinal. In 74/75 
cases two separate radiologists were able to dis-
tinguish the femoral from inguinal defects using 
coronal images to clarify whether or not the 
defects were dorsal (femoral) or ventral (ingui-
nal) to the inguinal ligament [2]. So to summa-
rize, femoral hernias can be reliably diagnosed 
using CT by confirming that they are lateral to 
the pubic tubercle, associated with femoral vein 
compression, and coronal views delineate that 
the inguinal ligament is ventral to their path.

Regarding the utility of dynamic groin US, a 
German group reported 4951 cases where a clini-
cal exam and US findings were prospectively 
 collected (2010–2015) and compared with intra-
operative findings [3]. In 3659 (73.9%) cases a 
hernia was diagnosed by both US and exam, and 
in 19.7% of cases no hernia was identified by 
either technique. So in 93.6% of instances exam 
and US correlated, and those patients with con-
sistent positive findings were confirmed intraop-
eratively. In 292 (5.9%) cases, clinical detection 
of a small hernia was “ruled out” by US. After 
further investigation by CT or MRI to investigate 
for other causes of pain, 189 agreed to watchful 
waiting while 103 ultimately underwent diagnos-
tic laparoscopy for the severity of symptoms. Of 
those who underwent surgery, 91% were found to 
have a hernia. Finally, in 25 (0.5%) cases, there 
was no hernia on exam but patients complained 
of inguinal pain, and dynamic US identified a 
femoral hernia in 19, small inguinal hernia in 3, 
and no findings in the last 3. In all 25 of these 
cases—specifically including the 19 diagnoses of 
a femoral hernia—the findings of the dynamic 
US were confirmed to be correct at the time of 
surgery. Ultimately, the sensitivity and specificity 
of dynamic US hernia detection could be defined 
as 97.6% and 99.8%, respectively.

As a final note in regards to diagnostic tools 
for completeness, a small series of 55 inguino-
femoral hernias in 82 groins found that MRI 
identified 53 hernias with one false positive and 3 
false negatives, offering a sensitivity of 94.5% 
and specificity of 96.3% [4]. While helpful, the 
added cost would typically not be justified given 
the reliability of CT and US.

As was mentioned, prospective randomized 
comparisons of repair technique for femoral her-
nias are not practical given their relative infre-
quency. Fortunately, the Danish Hernia Registry 
has had the capacity and completeness to capture 
one of the largest series of femoral hernia repairs 
allowing for valuable insight [5]. They retrospec-
tively captured 3970 femoral hernia repairs done 
between 1998 and 2012  in Denmark. Notably, 
39% were done emergently and 73% were done 
in women supporting the traditional demographic 
and clinical portrayals. Interestingly, there was 
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no difference in femoral hernia recurrence 
between elective and emergent repairs (3.1% vs 
2.5%; p  =  0.51). With a median follow-up of 
82 months, a laparoscopic approach was found to 
require fewer reoperations when compared to an 
open elective approach (0.62% vs 3.4%; 
p = 0.04), and women were more than twice as 
likely to develop a recurrence requiring interven-
tion (3.3% vs 1.5%; p = 0.01). While one could 
argue that these differences are clinically mean-
ingful enough to pursue a laparoscopic approach 
in the elective setting, surgeons should view this 
data with reassurance as it would suggest that 
most repair techniques—even in open emergent 
scenarios—are ultimately durable >95% of the 
time.
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14Ventral Hernias

MacKenzie Landin and Jin Yoo

 Introduction

A “ventral hernia” is defined as the protrusion of 
loops of intestine, fat, or fibrous tissue through a 
weakened region of the abdominal wall 
(Fig.  14.1). The protrusion may involve pre- 
peritoneal fat, intestinal contents, or omentum 
[1]. Patients seek surgical repair when the develop 
symptoms. Some of these symptoms include 
abdominal pain, nausea, vomiting or a change in 
bowel habits. Ventral hernias are a core compo-
nent of general surgery. The treatment strategy 
largely depends on the patient’s clinical status, 
but can be influenced by imaging findings. If a 
patient has incarcerated bowel, then surgery is 
inevitable to prevent ischemia and perforation. 
What becomes more nuanced are the patients 
with large abdominal wall hernias who present 
with symptoms, but have no evidence of obstruc-

tion or perforation. The surgeon must decide 
which patient to offer surgery and what surgical 
approach is to be taken. Often that decision is 
guided by imaging. In this chapter, we will review 
ventral hernias and how radiography influences 
the surgical algorithm.

 History and Epidemiology:

Hernias were first described in the sixteenth cen-
tury. Treatment at that time consisted of heat to 
“imprison the illness in the patient’s body” [1]. 
With the evolution of medical education and 
technology, surgeons attempted repair. Dr. Pierre 
Nicholas Gerdy was the first surgeon to invert the 
hernia sac into the abdominal cavity. He sutured 
the edges together and injected ammonia to stim-
ulate scar formation in 1836 [1]. As medicine  
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developed, more patients were surviving their 
disease with treatment and hernias became a 
more relevant problem. Today, hernias are com-
mon. There is an estimated hernia prevalence of 
5% of the general population. Hernias affect male 
patients more than females [2]. Patients can have 
a congenital defect or develop a hernia after 
physiologic stress. Patients have a 2–20% risk of 
developing an incisional hernia after laparotomy 
[1]. Wennergren et  al. reported a rate of 9% of 
incisional hernias following surgery, of which at 
least a third are symptomatic [3]. Risk factors for 
developing a hernia include obesity, smoking, 
cancer, diabetes, pulmonary disease (where 
coughing creates a physical strain on the abdomi-
nal wall), and connective tissue disorders [1].

 Technique

The first procedure developed to treat this disease 
was described by Dr. Pierre Nicholas Gerdy [1]. 
His technique was as stated above. Over time, 
other suture techniques and adjuncts, like mesh, 
were developed to aid in hernia repair such as 
mesh, to aid in repair. Perhaps what is more impor-
tant than the type of prosthetic is its placement.

The main principle of hernia repair is recon-
struction of the abdominal wall by restoring the 
muscle and fascial layers. This reconstruction 
should be done without any tension on the repair. 
Reconstruction is sometimes performed with 
suture alone, or with the addition of mesh. If the 
abdominal wall can be reconstructed without 
mesh, then it is known as a primary repair. Often, 
primary repairs are reinforced with prosthetic if 
the patient has risk factors for recurrence (smok-
ing, diabetes, obesity, etc.). Prosthetics can be 
synthetic and permanent (e.g., polypropylene), 
synthetic and absorbable, or biologic and absorb-
able. If they are placed within the peritoneum, 
they are considered an intraperitoneal onlay mesh 
or an underlay. If they are below the layers of the 
abdominal wall, but above the level of the perito-
neum, this is called a sublay. Mesh placed on top 
of the layers of the abdominal wall is an onlay 
mesh. The location of mesh placement is usually 
determined by hernia size, location, and degree 
of associated muscle atrophy.

As stated above, a primary repair is the closure 
of a fascial defect with suture alone. If the hernia 
is sufficiently small, the hernia sac is excised and 
the fascia sewn together. This is typically per-
formed open. If the hernia is large, mesh is used to 
reinforce a repair. The surgical approach can be 
open or in a minimally invasive fashion depend-
ing on patient comorbidities, location of the her-
nia, and physician preference. We prefer a 
laparoscopic approach with an intraperitoneal 
onlay mesh placement with hernia defect closed 
to minimize the size of the incisions (compared to 
open) and to ensure adequate mesh placement and 
coaptation to the abdominal wall. Berger et  al. 
reported a 10-year recurrence rate of 63% for 
suture repair versus 32% after mesh repair [4]. 
Mesh repair helps prevent some, but not all, recur-
rences. Reasons for recurrent hernias include 
patient factors (weight gain, tobacco, and diabe-
tes) and technical errors (incorrect suture/mesh 
choice, mesh placement) or mesh failure [5, 6]. If 
a patient has failed a standard repair, they may be 
offered a complex repair to treat the recurrence.

For complex hernias (loss of abdominal domain, 
large hernias (greater than 10 cm), multiple organs 
involved in the hernia content, recurrent hernias 
(Fig.  14.2), consideration for component separa-
tion is given. Anterior component separation was 
originally described by Ramirez in 1990 [1]. 
Briefly, a large vertical midline incision is made, 
and the hernia contents are reduced after all adhe-
sions are lysed. The sac is resected. The subcutane-
ous tissue is dissected off the rectus muscles and 
the semilunar lines are identified bilaterally. The 
external oblique is incised and separated from both 

Fig. 14.2 Large ventral hernia containing bowel. The 
patient also has a loss of abdominal domain
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the internal oblique and the space posterior to the 
rectus. This dissection allows the rectus muscles to 
be brought to the midline without tension 
(Figs. 14.3, 14.4, and 14.5). There are reports in the 
literature of a gain of 8–10 cm with this approach 
[1, 7, 8]. Many surgeons believe that a full anterior 
component separation yields the greatest amount 
of release and medialization of the rectus complex 
[9]. Typically, a piece of mesh is then placed as an 
onlay (Fig. 14.6). Issues with this repair are typi-
cally wound-related, due to the large subcutaneous 
flaps created to get to the external oblique dissec-
tion. Anterior component separation has a 7–32% 
hernia recurrence rate and a 50% complication 

rate. Aagain, most of the complications from ante-
rior component separation are wound-related [9].

 Case 1

The patient is a 71-year-old female with a his-
tory of an emergent sigmoidectomy with end 
colostomy for perforated diverticulitis. She later 
had her stoma reversed with a simultaneous 
repair of a parastomal hernia (on the left) with 
permanent mesh at the site of the ostomy. She 
developed a recurrence at the midline (Fig. 14.7a, 
b). She underwent a unilateral right-sided ante-
rior component separation with laparoscopically 
placed coated permanent mesh. Due to the mesh 
within the left abdominal wall (from her prior 

Fig. 14.3 The external oblique has been incised in an 
anterior component separation

Fig. 14.4 The retromuscular space is dissected between 
the external and internal oblique

Fig. 14.5 With appropriate release of the muscle fibers, 
the rectus muscle can be advanced medially to close the 
abdomen in the midline

Fig. 14.6 After the abdominal muscles have been closed 
in the midline, a piece of mesh has been placed as an 
onlay to reinforce the repair
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Fig. 14.7 (a) Hernia recurrence at the midline. (b) Sagittal view of hernia recurrence at the midline containing small 
bowel. (c) Edema within the site of the hernia repair. (d) Resolution of edema within the hernia repair site

parastomal hernia repair) and expected scar tis-
sue as a result, a bilateral component separation 
was not offered. We sought to avoid creating a 
potential dead space for wound infection or 
hematoma. Her case was uneventful. She devel-
oped expected postoperative edema of the wound 
that resolved (Fig. 14.7c, d).

Carbonell et al. described an alternate approach 
to anterior component separation. In the posterior 
approach, the case is started with a midline lapa-
rotomy followed by lysis of adhesions and reduc-
tion of the hernia contents. Instead of incising the 
external oblique, the retromuscular space is dis-
sected to the semilunar line and mesh is placed in 
this plane as a sublay. If additional tension needs 
to be relieved, a transverses abdominus muscle 
(TAM) release can be performed. A transversus 

abdominus muscle release is where the TAM is 
incised laterally (medial to the neurovascular bun-
dle) allowing the posterior rectus sheath to come 
to midline and be closed with suture [10]. A meta-
analysis by Holihan in 2015 showed that the sub-
lay placement of mesh has the lowest risk for 
recurrence and surgical-site infection [11, 12]. 
The posterior component release alone has a 15% 
complication rate and 5% recurrence rate, as 
reported by Carbonell [13, 14]. If a TAR is 
included, there is a 45% wound complication rate, 
but recurrences are as low as 3% [1, 13, 15].

There are times that despite muscle release, the 
midline cannot be brought together. These are 
troubling scenarios for the surgeon. The typical 
approach to close the patient is with a bridging 
repair. In a bridging repair, a piece of mesh is 
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placed across the abdominal wall and secured lat-
erally. The mesh bridges the gap between the recti. 
Mesh can be placed within the peritoneum or over 
the anterior abdominal wall, as an onlay. Placement 
again depends upon the size of the hernia, condi-
tions of the operation, and prior surgical history. 
Risk of recurrence is thought to be high and can be 
exacerbated by patient comorbidities. Wennergren 
et  al. evaluated hernia recurrence rates after pri-
mary fascial closure versus bridged mesh repair in 
laparoscopic ventral hernias. In a study of 196 
patients, they saw no significant difference in 
recurrence, surgical-site infection, readmission, 
reoperation, or seroma formation between the two 
groups [3]. Holihan et al. studied this same ques-
tion in open ventral hernia repair. They found there 
was a decrease in surgical-site infections and 
recurrences with primary fascial closure. Primary 
fascial closure appears to yield superior outcomes 
compared with bridged repairs in open ventral her-
nia repair [9]. In the acute setting, factors such as 
degree of contamination, patient stability, and vol-
ume status play a role in which approach to mid-
line closure is taken. Skin closure alone or bridged 
repair to temporize the situation may be the safest 
choice [9].

 Laparoscopic Repairs

The first laparoscopic ventral hernia repair was 
described by LeBlanc and Booth in 1993 [16]. 
The advantages of laparoscopic repair compared 
to the open approach include quicker rehab of the 
patient, less postoperative pain, less wound infec-
tions, and better perceived esthetic results [17, 
18]. While the disadvantages are greater costs, 
longer learning curve, longer procedure time 
(due to tedious viscerolysis), reported accidental 
visceral and vascular damage, and a higher inci-
dence of visceral-prosthetic fistulas [2, 16, 19]. 
This is somewhat of a controversial statement as 
several studies support and negate this. The 
Society of Alimentary and Gastrointestinal and 
Endoscopic Surgeons published guidelines in 
2020 to provide recommendations for hernia sur-
geons. They published a lower rate of wound 
infections in laparoscopic ventral hernia repair, 

but similar rates of recurrence and postoperative 
pain between open and laparoscopic cases. 
Infections were 2.8% versus 21.9%; OR, 10.5; 
95% CI, 2.3–48.2; p = 0.003 [11]. Laparoscopic 
repair becomes complex when the hernia defects 
are large (>10 cm), are in uncommon locations 
like the flank or suprapubic region, or if the 
patient has a preexisting medical condition that 
complicates the repair (ascites or pregnancy). 
Laparoscopic ventral hernia repair is typically 
contraindicated in enterocutaneous fistulas, 
patients with loss of domain and/or patients with 
prior skin grafts.

 Robotic

Robotic hernia surgery has grown for several rea-
sons. The robot most notably has six degrees of 
articulation that facilitate sewing in small spaces 
[20]. One of the drawbacks of laparoscopic ven-
tral hernia repair is the technical difficulty in 
closing the midline fascia. If closure is not ergo-
nomically feasible or time-efficient, it is often 
abandoned. As such, many laparoscopic ventral 
hernia repairs are essentially bridging hernia 
repairs [21]. With this comes mesh eventration 
and bulging at the hernia site. This is a common 
and chronic patient complaint [22]. With the 
robotic platform, the fascia can be repaired in a 
straightforward fashion. In a study of 106 patients 
over a four-year period, primary fascial closure 
was completed. Twenty-three percent of patients 
had component separations. Seventy-nine per-
cent had sublays, which as discussed previously 
are associated with the lowest rates of recurrence 
[9, 13]. Of this group, 12% had hernia recurrence 
and 9% of those patients underwent a second 
robotic ventral hernia repair [22]. Two percent of 
patients developed seromas and 3% developed 
hematomas [22]. However, all the seroma patients 
required a subsequent procedure and half of the 
hematoma patients required surgery to address 
this complication [22]. Robotic ventral hernia 
repair is feasible. Robotic ventral hernia repair 
with component separation has lower morbidity 
and length of stay compared to open component 
separation [9, 22, 23].
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 Imaging

Imaging helps guide which type of repair is 
offered. The typical imaging study preferred for 
surgical planning is a CT (computed tomogra-
phy) scan. CT scans are more commonly used 
for this purpose than magnetic resonance imag-
ing [12]. They help determine the size and shape 
of a hernia as well as the contents of the hernia. 
CT scans allow surgeons to measure the dimen-
sions of the hernia defect and estimate the vol-
ume of the hernia sac. This helps one plan 
whether the defect can be closed without ten-
sion. If there is a concern for tension, then the 
surgeon would consider adjunctive methods like 
botox injections to relax the abdominal wall and/
or component separation. Additional features to 
consider with imaging includes degree of vis-
ceral (Fig.  14.8) and subcutaneous adiposity 
(Fig.  14.9) and the presence of rectus diastasis 
(Fig. 14.10). Visceral adiposity adds to the intra-
abdominal pressure that will increase the risk of 
tension. Pre-operative weight loss may be 
offered to patients with excessive visceral adi-
posity. Subcutaneous adiposity is more impor-
tant in terms of surgical access (laparoscopic or 
open) and risk of seroma formation. If a patient 
has a significant rectus diastasis, this likely needs 
to be addressed at the time of the hernia repair to 
minimize the risk of recurrence. As such, the pli-
cation of a diastasis requires a larger operation 
and/or wider mesh placement.

Imaging is especially helpful when a hernia is 
in an unusual location (Fig. 14.11), such as the 
flank or the suprapubic region. Imaging can iden-
tify the potential need for the mesh to be anchored 
to bony structures, like the pelvis or ribs, depend-
ing on hernia location. When a hernia is located 
near the xiphoid process or the pelvis, a transver-
sus abdominus release is often the preferred 
approach as it allows for better overlap of mesh 
in a sublay position.

CT scans help surgeons to determine the saf-
est method of entry into the abdomen based on Fig. 14.8 Example of visceral adiposity

Fig. 14.9 Example of subcutaneous fat deposition

Fig. 14.10 In a rectus diastasis, the rectus muscles retract 
laterally and a gap forms in the midline. This can be 
symptomatic and present as a bulge. If the fascia is intact 
between the muscles, this is not a true hernia, but will 
often be misdiagnosed as one
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Fig. 14.11 Depiction of an “unusual hernia.” In this 
image, small and large bowels are herniated through a fas-
cial defect in the patient’s right lower quadrant

Fig. 14.12 In this image, the hernia has dissected out a 
space in the subcutaneous tissue that is wider than the 
defect at the level of the fascia. This process creates a 
“mushroom” shape

the location of likely adhesions, size of hernia, 
and the organs involved. For example, if the 
defect within the fascia is small but the hernia 
sac itself is large and has been dissected out of 
the subcutaneous space (imagine the shape of a 
mushroom) (Fig. 14.12), dissection of the sub-
cutaneous space should proceed with caution. 
Imaging will also help the surgeon estimate the 
degree of non-viable skin that will be present 
after the hernia is reduced and how much skin 
is to be removed. If the subcutaneous fat 
appears thick on imaging, a laparoscopic or 
robotic approach is preferred to minimize cre-
ation of dead space. However, if open surgery is 

the only feasible approach for a patient with 
obesity and a  hernia, preoperative management 
utilizing weight loss surgery or medication is 
often indicated. Docimo et  al. demonstrated 
that patients undergoing open component sepa-
ration with a BMI ≥35  kg/m2 were at an 
increased risk for surgical- site infections, minor 
complications, major complications, and hospi-
tal readmissions [24].

Often patients with prior surgical history have 
poor tissue quality. The presence and width of the 
rectus muscles are important features to know. A 
retrorectus repair is preferred when the rectus 
muscle is present and the space is wide, the idea 
being adequate mesh overlap laterally. If the rec-
tus muscle is too narrow, the mesh overlap that 
would be obtained laterally from the midline clo-
sure may be inadequate. The surgeon would then 
need to perform a transversus abdominus muscle 
release to free this space or potentially convert to 
a sublay approach. Interestingly, De Silva et al. 
showed anterior component separation with 
external oblique release results in hypertrophy of 
the rectus, internal oblique, and transversus abdo-
minus muscles [25]. They demonstrated in a sub-
sequent study that posterior component separation 
with transversus abdominus release produces 
hypertrophy of the rectus, the external and inter-
nal obliques [25]. Both of these studies showed 
hypertrophy in open operations. There was no 
significant change in musculature with laparo-
scopic bridging ventral hernia repairs. The bene-
fit of muscular hypertrophy is the theoretical 
increase of a functional abdominal wall. 
Therefore, in large and complex hernias, patients 
are likely to have a greater benefit from a compo-
nent separation than a bridging repair [26].

CT is useful in diagnosing occult hernias, 
multiple fascial defects, as well as differentiating 
incarcerated hernias from abdominal wall neo-
plasms. In the patient with severe obesity, it can 
be difficult to detect a hernia on physical exam 
(Figs. 14.13, 14.14, and 14.15). In a retrospective 
review of 146 consecutive laparoscopic ventral 
hernia repairs, 48% of patients had occult defects 
not detected on preoperative physical exam [11]. 
When preoperative imaging is obtained and more 
than one defect is visualized, the surgeon can 
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Fig. 14.13 Anterior view of patient’s abdomen. No obvi-
ous bulge is visible due to their level of adiposity

Fig. 14.14 Side view of the abdomen. Again, no obvious 
bulge on exam

Fig. 14.15 Large ventral hernia that was not easily visi-
ble on exam, is easily visible laparoscopically

modify the technique to incorporate the repair of 
the additional hernias. If this was not done preop-
eratively and additional hernias were only 
detected at the time of surgery, their discovery 
would likely cause the surgeon to modify his/her 
approach and may lead to patient dissatisfaction, 
especially if it prolongs postoperative recovery 
(e.g., they may choose to convert a laparoscopic 
case to an open one).

CT scans become even more helpful in the 
postoperative setting when patients return with 
chronic pain. Often the physical exam is limited 
by postoperative pain. If there is swelling at the 
site of the repair, it is difficult to discern if the 
swelling is expected fluid, a hematoma or 
worse, a recurrence. In one study, diagnosis of 
hernia recurrence after mesh repair was correct 
88% of the time on physical exam, while CT 
was correct in 98% of cases [11]. Therefore, 
there are many reasons to obtain imaging in 
hernia patients. To interpret the results, one 
must have an understanding of the anatomy and 
of the hernia repairs themselves.

 Postoperative Findings 
and Complications

Patients with hernias, especially large ones, will 
likely have significant pain postoperatively. 
Oftentimes, this pain is more than patients expect. 
Traditionally this is due to anchoring of the mesh 
and/or dissection of the muscles. Occasionally 
patients present to the emergency room where 
their workup includes imaging. CT used in con-
junction with intravenous administration of 
iodinated contrast material is the best imaging 
examination to depict specific postoperative 
complications following abdominal wall repair 
with mesh [4]. When visible on CT, mesh appears 
as a fairly regular line, with moderate/high atten-
uation values similar to those of muscles [4]. If 
the patient has a thin abdominal wall or poor 
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muscle quality, it may be difficult to discern 
where the mesh is in relation to the layers of the 
abdominal wall. In the postoperative setting, it is 
normal to see edema of the subcutaneous tissues, 
small intraperitoneal air and tacks used to fixate 
the mesh during a laparoscopic repair [27].

 Seroma

Seromas are commonly found within the dissec-
tion planes of hernia repairs. They are typically 
observed out of concern for potential contamina-
tion of sterile fluid with any aspiration attempt. In 
addition, 95% of seromas self-resolve [6]. If a 
seroma is aspirated and recurs, patients can be 
treated with a drain if symptomatic. Seromas are 
common enough that SAGES published guide-
lines stating, “seroma formation following lapa-
roscopic hernia repair should be considered an 
expected outcome, rather than a complication” 
[11]. Incidence of seroma detected on the US or 
CT ranges from 95 to 100% in the early postop-
erative period. Seromas lasting beyond 90 days 

are around 20%. There is evidence to suggest that 
closure of the hernia defect reduces the rate of 
seroma formation as the potential space is 
reduced [4, 11]. Because of this principle, robotic 
hernia surgery has been pursued for large ventral 
hernias. CT will show a non-enhancing, homog-
enous collection with a density consistent with 
water [4]. If a seroma is infected, it will show a 
thick and well-vascularized wall with signs of 
inflammation [6].

 Case 2

The patient was an 82-year-old male with a his-
tory of colon cancer. He underwent a laparo-
scopic right hemicolectomy one year prior to 
presentation. His complaint was an incisional 
ventral hernia (Fig. 14.16a). He had an open ret-
rorectus approach with a 20 × 25 cm permanent 
mesh. This approach was chosen due to the poor 
quality of his musculature. He developed an 
asymptomatic seroma (Fig.  14.16b). It was 
observed and he recovered as expected.

a b

Fig. 14.16 (a) Imaging from CT of an 82-year-old 
patient with a history of right colectomy for cancer. An 
incisional ventral hernia is visible. This is the location of 

the extraction site of the colon specimen. (b) The patient 
developed a postoperative seroma in the location of the 
prior hernia
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 Hematomas

Hematoma occurs if there is inadequate hemo-
stasis at the time of surgery, or if the patient 
develops postoperative bleeding in the surgical 
field (e.g., after restarting therapeutic antico-
agulation). The incidence of hematoma is 0.4% 
as reported by Heniford [4]. On imaging, a 
hematoma appears as a hyperattenuating fluid 
collection within the dissection field. If there is 
contrast visible within the hematoma, this is 
concerning for active bleeding. Asymptomatic 
hematomas can be observed. Asymptomatic 
implies that the patient is hemodynamically 
stable and does not require any blood transfu-
sions to be stable. In addition, there should be 
no concern about wound breakdown due to 
pressure necrosis from the hematoma of the 
overlying skin. Nor should there be the poten-
tial for bacterial contamination of the hema-
toma, which in turn could infect any underlying 
mesh. If there are wound concerns, the hema-
toma should be evacuated. Evacuation of the 
hematoma does put the mesh at risk of potential 
infection, which is a point to be considered by 
the surgeon. Hematomas may be drained. 

Again, drainage is avoided as any violation of 
the capsule of the hematoma creates a risk of 
seeding the wound with bacteria and converting 
a sterile field to an infected field. All manage-
ment of hematomas include maintaining patient 
safety, while minimizing chance of infection. If 
active bleeding is suspected (change in vital 
signs, lab values, or contrast seen within collec-
tion on CT), the patient’s surgeon should con-
sider returning to the operating room for a 
wound exploration.

 Case 3

The patient is a 47-year-old male with a history 
of rectal cancer who had a laparoscopic low ante-
rior resection with diverting loop ileostomy 
2 years prior to presentation. His ileostomy had 
been reversed. He presented with “swiss cheese” 
incisional ventral hernias (Fig.  14.17a). He had 
an open retrorectus incisional ventral hernia 
repair with a 20 × 20 cm permanent mesh. His 
postoperative course was complicated by a hema-
toma (Fig. 14.17b) which required a washout due 
to infection (Fig. 14.17c).
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Fig. 14.17 (a) Example of a “swiss cheese” ventral her-
nia. A complex hernia comprised of multiple small defects 
in the fascia, some of these may not be appreciable on 
imaging. Often the surgeon detects other defects at the 
time of hernia repair. (b) After hernia repair, the patient 
developed a hematoma at the site of dissection. This 

hematoma is rim-enhancing and has foci of air within it, 
suggesting it is an infected hematoma. (c) CT scan per-
formed after washout of the infected hematoma. There is 
resolution of the collection and no other radiographic 
signs of persistent infection

 Enterotomy

Inadvertent enterotomy occurs in 6% of all laparo-
scopic ventral hernia repairs [4]. The management 
of enterotomies depends on the timing of recogni-
tion. If seen during the index operation and there is 
minimal contamination, there is evidence to support 
primary repair of the bowel with or without subse-
quent mesh placement [28]. Likewise, the enterot-
omy could be repaired and the hernia repair delayed 
several weeks to allow for a period of resolution with 
regard to the contamination. If the enterotomy is not 
recognized at the time of the ventral hernia repair, 
the patient may develop sepsis. Imaging typically 

shows free air and free fluid, which is difficult to 
interpret in the setting of a recent operation. However, 
a rising leukocytosis and tachycardia support the 
concern for missed enterotomy and should push the 
surgeon to explore the patient and explant any con-
taminated mesh. A hernia is accepted and definitive 
repair is deferred until the patient has recovered.

 Case 4

The patient was a 60-year-old female who under-
went a laparoscopic ventral hernia repair. Her 
postoperative course was complicated by delayed 
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a b

Fig. 14.18 (a) Free air is visible on this axial view of the abdomen. There is free fluid adjacent to the liver. (b) Free air 
is more easily visualized when the image settings are changed to “lung window”

return of bowel function. She had a history of 
hypertension for which she was taking a beta 
blocker. She developed a fever and a CT of the 
abdomen was obtained. What was notable about 
this scan was the amount of free air and free fluid 
seen on CT.  It is difficult to interpret pneumo-
peritoneum and free fluid after an operation, but 
in cases where irrigation is not used and if the 
patient clinically is unwell, the surgeon should 
consider returning to the operating room. Missed 
enterotomy is largely a clinical diagnosis. The 
surgeon should assess the patient and monitor 
for tachycardia, fever, rising white count, and 
changes in physical exam. If imaging is obtained, 
consider a missed enterotomy when there is 
more free air than expected (Fig. 14.18a, b).

 Mesh Infection

The risk of mesh infection is a possibility after 
any hernia repair. Fortunately, mesh infection is 
uncommon and occurs at a rate of 0.7% [4]. 
Some can be managed with antibiotics and 

aggressive wound care [29]. Others require serial 
debridement or worse, mesh explantation. Mesh 
infection has been reported to be less than 1% in 
laparoscopic ventral hernia repair [11]. Imaging 
findings of mesh infection include a heteroge-
nous, peripherally enhancing fluid collection 
adjacent to the mesh [30]. The fluid collection 
often contains air [4].

 Case 5

This patient is a 62-year-old female with an 
extensive past surgical history. Related to hernia 
repair, she had a prior emergent incarcerated 
umbilical hernia repaired primarily. She had a 
large recurrent incisional ventral hernia of incar-
cerated small and large bowel (Fig. 14.19a) that 
was repaired with an anterior component separa-
tion. She subsequently developed a mesh infec-
tion (Fig.  14.19b). The mesh was removed and 
she had a delayed open incisional ventral hernia 
repair with mesh. She unfortunately developed a 
third recurrence (Fig. 14.19c).
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Fig. 14.19 (a) Imaging from Case 5. This patient has a 
large recurrent incisional ventral hernia of incarcerated 
small and large bowel. There are neither signs of obstruc-
tion (no transition points, no dilated loops) nor is there 
any free fluid or free air on this cut. (b) The patient under-
went an anterior component separation. There is some 

subcutaneous edema and fat stranding seen on this image. 
Unfortunately, the patient had a mesh infection and 
required mesh explanation followed by a delayed hernia 
repair. (c) The patient developed a lateral recurrence. This 
is a known complication of recurrent hernia repairs, espe-
cially given the history of prior mesh infection

Fig. 14.20 An enterocutaneous fistula is a connection 
between a piece of the small intestine and the skin. On 
imaging, the patient will have inflammation of the subcu-
taneous tissues and there may be a visible connection 
between the skin and a segment of bowel. Often this con-
nection is not seen without enteric contrast

 Fistula

An enterocutaneous fistula is a connection 
between the intestine and the skin. These typically 
occur if there is injury to the intestine during sur-
gery leading to persistent inflammation and/or 
infection. Additionally, the presence of a foreign 
body (like mesh) can cause micro erosions into 
bowel perpetuating the cycle of inflammation and 
infection. On imaging, the patient will have 
inflammation of the subcutaneous tissues and 
there may be a visible connection between the 
skin and a segment of bowel (Fig. 14.20). Often 
these connections are not visible on imaging and 
patients require additional studies to identify the 
origin of their abdominal pain, recurrent 
abscesses, and wound drainage. Treatment strat-
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Fig. 14.21 (a) Ventral hernia after a duodenal switch. (b) Fistula between the alimentary limb of a roux-en-y gastric 
bypass and the skin

Fig. 14.22 Large recurrent incisional ventral hernia

egy, once identified, is to attack the cause of the 
fistula. For example, if the cause is a mesh infec-
tion after a ventral hernia repair, then explantation 
of a non-salvageable mesh with bowel resection 
and anastomosis is likely indicated [31]. The 
patient will likely develop a recurrent hernia, 
which can be managed when they have recovered 
from the treatment of their fistula.

 Case 6

In Fig. 14.21a, the patient had a duodenal switch 
which was complicated by a ventral hernia. She 
subsequently developed a duodenal-ileal fistula 
after the hernia was primarily repaired. In 
Fig.  14.21b, the patient had a roux-en-y gastric 
bypass several years prior and developed marginal 
ulceration at the anastomosis. She had a revision 
of her gastrojejunostomy due to ulcer disease and 
developed an anastomotic leak. She developed a 
chronic leak, which resulted in a fistula.

 Recurrence

Hernia recurrence is a known risk of any hernia 
repair (Fig. 14.22). At 1 year, 8% of patients will 
develop a recurrence if their BMI is less than 25 
at the time of index repair [12]. Twenty-seven 
percent of patients will develop a recurrence if 
their BMI is greater than 35 [12]. Use of mesh in 
hernia repairs has reduced the recurrence rates 

compared to direct suturing. Even with mesh 
usage, inadequate fixation of the mesh and/or 
mesh shrinkage can lead to recurrent hernia [6]. 
When hernias recur, options for repair are often 
limited to what has not yet been attempted. 
Patients must be as invested as surgeons. If they 
have obesity, they must lose weight. If they 
smoke, they must quit. Any  modifiable risk factor 
for failure must be addressed preoperatively.
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Surgeons will frequently obtain preoperative 
imaging to help guide any repair as discussed 
above. Imaging often helps show the surgeon 
why the repair failed. The mesh may appear con-
tracted or there may be increased adiposity com-
pared to prior. However, prior mesh may not be 
visible on imaging [25]. The major factors that 
determine mesh visibility on CT are density, 
structure, and thickness [6]. Polypropylene, 
polyester- based mesh is isodense to muscle and 
hence not visualized unless with a fat interface or 
fixated with metallic tacks [6]. 
Polytetrafluoroethylene- based meshes are hyper-
dense and are easily seen [6]. Composite mesh 
has multiple layers and visibility will depend on 

its components. Collapsed mesh is best seen on 
ultrasound as a crumpled echogenic structure at 
an unexpected site or within a collection [6].

 Case 7

This patient is a 58-year-old male with a history 
of colitis complicated by a cecal perforation, for 
which he had a subtotal colectomy 4 years prior 
to presentation. He was evaluated for a small 
bowel obstruction. He had a prior incisional ven-
tral hernia repair and developed a recurrence at 
the midline (Fig. 14.23a) as well as a new para-
stomal hernia (Fig. 14.23b).

a b

Fig. 14.23 (a) Recurrent incisional ventral hernia with dilated loops of bowel concerning obstruction. (b) Parastomal 
hernia in same patient with an incisional ventral hernia
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 Conclusion

In summary, ventral hernias exist on a gradient. 
They can be small and primary or complex with 
multiple organ involvement and recurrent. The 
approach of repair depends on the hernia mor-
phology, the patient comorbidities, and the sur-
geon’s comfort level. A large part of that skill set 
is understanding preoperative imaging to help 
guide surgery choice, but also postoperative 
imaging when things do not go according to plan. 
Radiology and surgery must continue to work 
together to evolve in parallel to provide the high-
est quality care for our patients. (Videos 14.1 and 
14.2)
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15Subxiphoid Hernia

Sean C. O’Connor and Alfredo M. Carbonell

 Introduction

The anatomy of the subxiphoid region is espe-
cially challenging due to the convergence of the 
chest wall, abdominal wall, and diaphragm. 
Hernias in this region (M1) can be generally 
categorized by the nature of their previous inci-
sion: Subxiphoid trocar site, sternotomy, sub-
costal, or midline laparotomy incisions. In this 
chapter, we will discuss the specific challenges 
in the repair of these hernias, as well as tech-
niques used to optimize outcomes. Here we 
provide examples of each category with corre-
sponding imaging and discuss how preopera-
tive imaging can be used to optimize surgical 
technique.

 Patient Selection

An intimate understanding of the subxiphoid 
anatomy is paramount to individualizing tech-
nique to each patient. As the costal margin moves 
midline and cephalad, the rectus muscle moves 
anterior to the ribs, ultimately inserting on the 
chest wall just inferior to the pectoralis muscle 
(Fig.  15.1). The transversus abdominis muscle 
has a very short course from its origin on the cos-
tal margin to its insertion on the posterior rectus 
sheath. The muscle body becomes thicker as it 
moves cephalad, making this an ideal place to 
begin the transversus abdominis release (TAR) 
without damaging the underlying peritoneum. 
Medially, the posterior rectus sheath inserts along 
the edges of the Xiphoid process. This can be 
taken down in order to enter the preperitoneal fat 
pad beneath the xiphoid process and will allow 
further dissection underneath the diaphragm in 
the preperitoneal space. (Fig. 15.2)

As discussed before, subxiphoid hernias can 
generally be categorized by the nature of their 
previous incision: Subxiphoid trocar site, ster-
notomy, subcostal, or midline laparotomy inci-
sions. Subxiphoid trochars usually result in small 
hernias where the surrounding anatomy remains 
intact. These are amenable to suture repair or pre-
peritoneal mesh placement, and not much consid-
eration of the surrounding anatomy is required. 
Patients with previous sternotomy incisions have 
significant alterations of the anatomy that must 
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Fig. 15.1 Cross section of the abdominal wall at the level of the Xiphoid process

a b

Fig. 15.2 (a) Intraoperative photo of subxiphoid compo-
nent of abdominal wall reconstruction with posterior com-
ponent separation. (b) Yellow highlights the cut edge of 
the posterior rectus sheath after it was transected from its 

insertion on the xiphoid process marked in tan. Black line 
highlights the costal margin with the Transversus abdomi-
nis M. inserting on the underside

be considered. These hernias occur quite cepha-
lad along the abdominal wall and often protrude 
through the divided xiphoid process itself thus 
requiring a preperitoneal dissection under the 
diaphragm for proper overlap of mesh. Every 
effort must be made to ensure that previous 
wound infections have completely resolved as 
chronic osteomyelitis and sinus tracks are com-
mon. Omental or myofascial flaps that may have 
been used for wound coverage must also be 
considered.

In planning the repair of subcostal and midline 
laparotomy hernias, the subxiphoid region must 
be taken into account with the hernia defect as a 
whole. This is often the most difficult region to 
close, and proper approximation of the fascia in 
this region will direct the technique for the 
remainder of the defect. Preoperative imaging 
and intraoperative assessment of abdominal wall 
compliance should be used to tailor the technique 
to the patient. The ideal location for mesh how-
ever is in the retro rectus space where it is iso-
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lated from the abdominal cavity as well as the 
overlying skin [1, 2].

Every effort should be made to optimize mod-
ifiable comorbidities (MCM) prior to surgery. 
Obesity (BMI >35), diabetes, and smoking have 
classically been described as the major risk fac-
tors affecting surgical site occurrence (SSO) after 
incisional hernia repair. This has been confirmed 
by a recent review of the Americas Hernia Quality 
Collaborative (AHSQC) showing that having one 
of these comorbidities increases a patient’s risk 
of SSO, and having two or more increases the 
risk of SSO requiring procedural intervention 
(SSOPI). The relative risk of surgical site occur-
rences requiring procedural intervention (SSOPI) 
however was only 5%, corresponding to a num-
ber needed to treat 20 patients [3]. Therefore, in 
asymptomatic patients with reducible hernias, 
surgery can be delayed to optimize MCMs given 
the relative safety of watchful waiting in these 
patients [4]. Surgery should however not be 
delayed in patients with severe symptoms or 
recurrent obstructions since the benefits will 
clearly outweigh the risks. Patients in this cir-
cumstance should be informed of these statistics 
prior to consenting to surgery [5].

 Case examples

 Small Defect After Mediastinal Tubes

The simplest subxiphoid hernia is the small, inci-
sional hernia that requires little or no mobiliza-
tion of the anterior rectus sheath for closure. This 
is common at the subxiphoid port site from a 
laparoscopic cholecystectomy or mediastinal 
drains from a CABG [6]. If these incisions are 
not closed, preperitoneal fat can herniate and can 
eventually cause pain or an unsightly bulge in the 
epigastrium. The liver and falciform fat pad can 
prevent intra-abdominal contents from herniat-
ing, making the risk of obstruction or incarcera-
tion very low. These hernias are mostly safe to 
observe and the main indication for repair is 
unrelenting symptoms.

Though the repair is easy, finding the fascial 
defect can be difficult. In obese patients, they can 

be very hard to locate on physical exam and may 
require some exploration of the fascia to find the 
defect. A vertical incision is recommended in the 
open approach so that it can be extended during 
exploration of the fascia. Upon laparoscopic 
exploration, the defect may be hidden beneath 
the falciform ligament, and there may be no signs 
of the hernia from the intraperitoneal position. 
The falciform ligament should be taken down in 
order to fully expose the fascia to find the defect.

Non-contrasted CT imaging is helpful in these 
cases for several reasons. Small defects can be 
located by measuring the distance from the tip of 
the xiphoid, which is a reliable landmark even in 
obese patients. This can be done using the sagittal 
reformats, or by counting slices and multiplying 
by the slice thickness. Defects larger than 2 cm 
should be repaired with mesh to reduce the risk 
of recurrence, and an appropriate conversation 
with the patient can be had about the benefits and 
risks of preperitoneal mesh placement. In obese 
and diabetic patient, a laparoscopic preperitoneal 
mesh repair will allow for adequate mesh overlap 
while reducing the risk of infection. (Fig. 15.3)

 Large Circular Defect After CAB

Subxiphoid hernias that are larger than 4 cm are 
more complex due to the wide area of dissection 
needed for mesh sublay. Fortunately, the falci-
form fat pad makes preperitoneal dissection easy 
to perform without damaging the peritoneum and 
the linea alba can often be approximated without 
further myofascial release. In this circumstance, 
a large preperitoneal plane should be created to 
allow for a minimum 5 cm of mesh sublay in all 
directions. A macroporous, uncoated permanent 
mesh can then be deployed in the preperitoneal 
plane and the linea alba can be approximated 
above it to complete the preperitoneal sublay.

The medialization of the anterior rectus sheath 
can often be limited by lateral tension from the 
costal margin on either side. In this scenario, 
myofascial release of the rectus muscle in a 
Rives-Stoppa fashion will allow for the tension- 
free approximation of the midline. The posterior 
rectus sheath is incised and the posterior rectus 
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a b

Fig. 15.3 (a) 2.1 cm defect from mediastinal drains after 
a CABG. Repaired by open approach with preperitoneal 
placement of mesh. (b) Xiphoid process is split from pre-

vious Sternotomy noted by arrows. Defect is 1.5 cm below 
the xiphoid process (3.75 mm × 4 slices)

a b

Fig. 15.4 (a) 5.2 cm subxiphoid defect after a CABG that was repaired by open preperitoneal approach. (b) Arrows 
point to the divided xiphoid from his previous sternotomy with the hernia sac protruding through the defect

space is entered. The posterior rectus sheath is 
then separated from linea alba to its insertion on 
the Xiphoid. It is important to completely detach 
the posterior rectus sheath from the xiphoid until 
the diaphragm muscle fibers can be seen anteri-
orly to allow the mesh to rest underneath the 
xiphoid process and the diaphragm if necessary 
(Fig.  15.2). Care must be taken here not to 
 damage the diaphragm so that the mesh is not 
exposed to mediastinal structures. The abdominal 

wall is then closed in layers with the mesh placed 
in the posterior rectus space.

Figure 15.4 presents imaging 5.2 cm defect 
in the upper abdomen after a CABG. This defect 
should be closed with mesh and possibly a 
Rives- Stoppa dissection if the anterior rectus is 
difficult to medialize. Also, Fig. 15.4 shows the 
hernia going directly through the xiphoid pro-
cess that has been split from his previous ster-
notomy. The dissection will need to be carried 
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in the preperitoneal plane under the diaphragm 
to allow for adequate mesh overlap under the 
xiphoid process.

 Diaphragm and Sternal Defect After 
Omental Flap

Sternal wound infection overall is a rare event 
occurring in between 1 and 3% of cases; however, 
it can place patients at risk for developing a thora-
coabdominal hernia extending through both the 
abdominal wall and sternum. This risk is com-
pounded by the complex reconstruction effort 
requiring a well-vascularized flap to cover the ster-

num. Omental pedicle flaps can provide excellent, 
well-vascularized coverage of the sternal wound in 
cases where conservative measures fail [7]. The 
omentum is pulled through the debrided xiphoid 
and sternal cartilage, iatrogenically creating a 
Morgagni hernia through the anterior diaphragm 
to provide coverage for the exposed chest wall. 
Images of these hernias can be impressive, with 
herniation of colon, stomach, or small bowel high 
onto the chest wall (Fig. 15.5).

These hernias are unlikely to cause obstruc-
tion and the most common symptom requiring 
repair are pain or bulge. In a series of 415 
reported cases, only 4 were reported to require 
repair due to symptoms [7]. The images in 

a

c d

b

Fig. 15.5 (a) Sagittal view of the 5.2  cm defect with 
omentum and transverse colon herniated anterior to the 
sternum. (b) the omental pedicle flap extends the entire 
length of the sternum up to the sternal notch. Note the 
defect in the manubrium remaining from previous 

debridement. (c) Transverse colon herniated anterior to 
the sternal defect. (d) The rectus muscles are retracted lat-
erally anterior to the costal margin with a wide 8.5  cm 
defect in the midline
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Fig.  15.5 are of a patient who presented 
18 months after CABG with sternal dehiscence 
requiring debridement and omental flap. As 
seen in Fig.  15.5, his chief complaint was the 
unsightly bulge overlying the sternum, with her-
niating omentum and transverse colon extend-
ing as high as the sternal notch. The patient had 
no obstructing symptoms however he reported 
the bulge became heavy on his chest, especially 
when lying down or coughing. Preoperative 
imaging can help guide the surgeon by indicat-
ing how much intrabdominal contents are herni-
ated, and how far they extend above the 
diaphragm. It also will reveal any concomitant 
sternal or diaphragmatic defects that may not be 
detected clinically.

We recommend approaching these hernias 
robotically or laparoscopically, which provide 
excellent visualization and access to the upper 
abdomen and hiatus [8]. The omentum and trans-
verse colon should first be reduced into the peri-
toneal cavity which may require division of the 
omentum. The preperitoneal plane can be entered 
starting at least 5 cm inferior to the fascial edge 
and is carried laterally beneath the rectus mus-
cles to the costal margin and superiorly to the 
hernia defect. At this point, the preperitoneal 
plane can be continued beneath the diaphragm 
being careful to leave the muscle and central ten-
don of the diaphragm intact to prevent injury to 
the pericardium or diaphragm. It is important to 
remember that the central tendon constitutes the 
inferior wall of the pericardium, so sharp dissec-
tion without cautery should be used when peel-
ing the peritoneum from this area. The 
preperitoneal plane is carried posteriorly on the 
diaphragm to achieve 5 cm of overlap or until the 
esophageal hiatus prevents further dissection. 
The defect can then be closed using a 1-0 absorb-
able, barbed suture, and a macroporous, perma-
nent mesh can be fixated to the diaphragm and 
fascia using an absorbable suture. The peritoneal 
flap can then be closed using a 2-0 absorbable, 
barbed suture to completely isolate the mesh 
from the peritoneal cavity.

 Midline Component of Subcostal 
Incision

Subcostal incisional hernias are most commonly 
found on the right side after open cholecystec-
tomy or liver resection. However, they can extend 
bilaterally after a chevron incision for liver or 
pancreatic resection. Because the layers of the 
rectus fascia and obliques have been transected, 
the anatomy can be disorienting for many sur-
geons. The superior epigastric artery is ligated 
during the transection of the rectus muscle, leav-
ing the muscle body at least partially devascular-
ized below that point. This can cause the rectus 
muscle to atrophy and contract, creating scar 
within and reducing the size of the posterior rec-
tus space. The proximity to the costal margin cre-
ates additional difficulty by limiting the mobility 
of the fascia and requiring dissection under the 
diaphragm for adequate mesh placement.

Though the subxiphoid component may be the 
presenting symptom, there can often be subclini-
cal hernias lateral to midline along the length of 
the incision, even involving the semilunar line. 
Preoperative imaging will show the surgeon the 
full extent of the defects to ensure that all areas of 
weakness are repaired. The costal margin can 
often prevent medialization of the fascia, even 
with adequate myofascial release. If the hernia 
extends to and/or involves the semilunar line, the 
surgeon may want to consider closing the defect 
transversely to reduce tension. The example 
given in Fig. 15.6b shows extension of the hernia 
defect laterally; however, this hernia was still 
amenable to vertical closure. Figure 15.6a shows 
the robust rectus muscle above the level of the 
incision; however, it is almost completely absent 
at the level of the hernia and below. The retro rec-
tus space will be contracted with dense adhe-
sions, and care must be taken to preserve the 
hernia sac and posterior fascia during dissection.

Due to the lateral extension of these hernias, a 
TAR is almost always required on the affected 
side to obtain adequate mesh overlap. As in other 
subxiphoid hernias, the insertion of the posterior 
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Fig. 15.6 (a) Subxiphoid component of a subcostal inci-
sion seen with a robust right rectus muscle above the level 
of the incision. (b) The hernia extends laterally along the 
length of the subcostal incision and the right rectus mus-
cle is absent where it was transected at the index opera-

tion. (c) Below the level of the defect, the right rectus is 
clearly atrophic and retracted when compared to the left 
side. This makes the dissection in the posterior rectus 
plane difficult and limits medialization of the right 
abdominal wall

rectus sheath onto the xiphoid must be transected 
so that the dissection plane can be carried into the 
preperitoneal space under the diaphragm. The 
dissection should be extended under the dia-
phragm as well as into the retro rectus space on 
the contralateral side. This ensures proper mesh 
overlap in addition to proper tension reduction of 
the midline closure. The anterior rectus fascia 
can be closed either vertically or transversely 
depending on which direction produces the least 
tension.

 Subxiphoid Component of Midline 
Incisional Hernia

As discussed previously, the subxiphoid (M1) 
region is often the most difficult portion of a mid-
line incisional hernia during closure. The inser-
tion of the obliques on the costal margin and 
retraction of the rectus over the chest wall limits 
the medialization of the fascia, leaving the upper 
portion of the abdominal wall with the least com-
pliance. Dissection under the diaphragm for ade-
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Fig. 15.7 (a) CT showing the hernia defect extending 
cephalad and to the left of the xiphoid process as a result 
of the previous laparotomy. (b) Retracted rectus muscles 
3.6 and 3.1 cm respectively with a 12.6 cm defect. Arrows 
identify the transversus abdominis muscle originating on 

the costal margin and inserting onto the posterior rectus 
sheath bilaterally. (c) Below the costal margin the rectus 
muscles are less retracted at 6.9 cm or 7.4 cm respectively 
with 13.6 cm defect between

quate mesh overlap also adds complexity to the 
case and must be considered along with the clo-
sure of the defect as a whole.

Images below are of a patient with a large 
midline defect that extends up to the xiphoid pro-
cess. Figure 15.7a shows a loop of small bowel 
herniating to the left of the xiphoid due to the 
patient’s previous laparotomy extending cepha-
lad, alongside the xiphoid. Figure 15.7b demon-
strates the rectus muscles are retracted with 
approximately 3  cm of space within the rectus 
sheath and a 12  cm hernia defect between the 
muscles. At this level, the abdominal wall will 
have very little compliance due to the insertion of 

the rectus muscles on the costal margin. 
Medialization of the rectus muscles will be 
dependent on an adequate myofascial release. 
With narrow rectus muscles and a wide defect, it 
is unlikely that a Rives-Stoppa dissection alone 
will provide adequate mobilization, and a TAR 
may be required to close the defect. The oblique 
musculature is easily seen in Fig.  15.7b, with 
arrows pointing to the transversus abdominis 
muscle inserting on the posterior rectus sheath 
medially, and the costal margin laterally.

The transversus abdominis muscle and trans-
versalis fascia can be incised along the costal 
margin starting as cephalad as possible to enter 
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the preperitoneal plane. This can be extended 
down the entire length of the hernia defect to 
allow for adequate release of tension as well as 
mesh overlap. At this point, the preperitoneal 
plain can be carried laterally to the retroperito-
neum, and superiorly underneath the diaphragm. 
The insertion of the posterior rectus sheath onto 
the xiphoid will need to be taken down bilaterally 
to connect the right and left preperitoneal spaces. 
It is important to have one contiguous space so 
that the mesh can be placed flat in this plane.

 Subxiphoid Component of Midline 
Hernia with Loss of Domain

Significant preoperative preparation is required 
in the case of true loss of abdominal domain. 
Volumetric analysis of the hernia sac volume to 
abdominal cavity volume based upon CT scan 
has been used to identify patients with significant 
loss of domain, and possibly referral for preop-
erative progressive pneumoperitoneum (PPP). 
This can be done by measuring the dimensions of 
the abdominal cavity and hernia sac and calculat-
ing the volume of an ellipse, or by utilizing spe-
cialized software commonly used in measuring 
liver volume [9]. The Tanaka method uses a her-
nia sac volume to abdominal cavity volume of 
25% to identify patients that could benefit from 
PPP [10]. Though no randomized controlled tri-
als exist, it is thought that PPP combined with 
botulinum toxin injection into the oblique mus-
culature can both improve the compliance of the 
abdominal wall and also prepare the patient for 
the increased abdominal pressure they will expe-
rience after reconstruction.

Due to the wide defect and poor abdominal 
compliance, a TAR will not provide adequate 
mobilization of the rectus sheath for closure of 
these defects. This is especially true in the subxi-
phoid region where the transversus abdominis 
muscle travels a short distance to its origin on 
the costal margin, so division of this muscle and 

creation of a preperitoneal flap will not result in 
a sufficient enough release of the anterior rectus 
sheath. The external oblique however has its ori-
gin on the anterior chest wall lateral to the costal 
margin and insertion on the anterior rectus 
sheath. The division of the external oblique can 
be extended up the chest wall to the level of ser-
ratus anterior m., and a large interparietal flap 
can be raised laterally to allow medialization of 
the anterior rectus towards the midline. The ideal 
location for the mesh is still in the sublay retro 
rectus position, so dissection in the posterior rec-
tus space is still required for placement of the 
mesh [11].

The images below represent a previous trauma 
patient who required delayed abdominal closure 
with absorbable mesh and skin graft coverage. 
The defect was wide with clear loss of domain 
and extended to the xiphoid process. The rectus 
muscles are retracted over the costal margin and 
foreshortened to 5.1 cm on the left and 3.9 cm on 
the right (Fig. 15.8b). Broadening these muscles 
with a retro rectus dissection alone failed to result 
in significant medialization. Even after skin flaps 
were raised, external oblique release, and retro 
rectus dissection, closure of the upper midline 
still proved difficult and was under some tension. 
(Video 15.1)

It is typically not recommended to perform 
both a TAR and division of the external abdomi-
nal oblique m. during the same operation due to 
potential destabilization of the abdominal wall. 
Therefore, it is a critical decision point to per-
form an anterior component separation (ACS) 
versus a posterior component separation (PCS). 
Preoperative imaging can be tremendously help-
ful with this decision, informing the surgeon pro-
spectively of the distance that needs to be 
traversed and the nature of the abdominal wall 
musculature. In this patient with retracted rectus 
muscles and a wide defect up to the xiphoid, the 
decision to perform a Ramirez-style release was 
made preoperatively and confirmed by intraop-
erative assessment of tension.
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Fig. 15.8 (a) Upper portion of the abdominal wall with 
the hernia extending up to the xiphoid process. (b) The 
rectus muscles are retracted over the chest wall and fore-
shortened with a 9.1  cm defect between. (c) Significant 
retraction of the abdominal wall continues down the 

abdominal wall with narrow rectus muscles (3.2 and 
3.1 cm) and a 15 cm defect. A large portion of the intra-
peritoneal volume is within the hernia sac suggesting loss 
of domain

 Literature Review

As discussed previously, the majority of subxi-
phoid hernias are the result of previous surgery 
and therefore can be categorized by the nature of 
their operation. Hernias from laparoscopic tro-
cars or mediastinal drainage tubes are the most 
common and simplest to repair. Laparoscopic 
cholecystectomy remains the most common sur-
gery to utilize the subxiphoid incision with about 
a 1–3% risk of symptomatic hernia, likely due to 
extraction of the gallbladder through the epigas-
tric port [12]. Meta-analysis of randomized trials 
comparing epigastric versus umbilical extraction 
of the gallbladder have shown no difference in 

hernia formation or wound infection between the 
two techniques, so the retrieval site remains the 
surgeon’s choice [13, 14]. However, suture repair 
of the fascial defect at the extraction site is 
 recommended to reduce the incidence of hernia 
formation. Often these hernias are small and con-
tain only preperitoneal fat and are amenable to 
primary open repair if less than 2 cm. Larger her-
nias 2–4 cm may require open, laparoscopic, or 
robotic repair with mesh placed in the preperito-
neal position with closure of the defect [15].

The second category of subxiphoid hernias are 
those occurring after median sternotomy. As the 
sternum is spread for exposure of the mediasti-
num, the fascial fibers inserted on either side of 
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the xiphoid process are split, leaving the subxi-
phoid region at high risk for hernia formation. 
These can often be complicated by concomitant 
diaphragm and sternal defects making repair 
challenging [7]. Patients who develop a sternal 
wound infection are at a particularly high risk of 
hernia development, although the exact incidence 
is underreported since these are often small, 
asymptomatic defects. Mackey et al. found that 
repair of these hernias without the use of mesh 
carried a 45% recurrence rate and 75% recur-
rence rate in patients who had a history of sternal 
wound infection [16]. Once contamination has 
been controlled, the lowest recurrence and SSO 
rate can be achieved with preperitoneal place-
ment of microporous polypropylene mesh [17].

Subxiphoid component of abdominal inci-
sions makes up the third and often most challeng-
ing category. This area is particularly challenging 
to reconstruct due to the short insertion of the 
obliques onto the costal margin and retraction of 
the rectus laterally over the chest wall. These her-
nias will often require a component separation in 
the form of Rives-Stoppa, Ramirez’s anterior 
component separation (ACS) or TAR to achieve 
adequate mesh overlap and tension-free closure 
of the defect [18]. Majumder et al. recently used 
a fresh cadaver model to examine myofascial 
medialization after ACS vs PCS. They found that 
in both techniques, the subxiphoid region had the 
least myofascial medialization when compared to 
the mid and lower abdomen. Interestingly, PCS 
resulted in improved medialization over ACS 
(11.2 vs 8.2  cm, p  <  0.01) in the subxiphoid 
region, suggesting that a PCS might be the tech-
nique of choice [19]. This challenges the idea that 
PCS results in inferior medialization; however, 
no human trials exist to confirm this finding. PCS 
also allows for extended overlap of the mesh 
superiorly and laterally under the diaphragm, 
while minimizing wound complications associ-
ated with raising subcutaneous flaps. However, in 
the case of loss of domain or poor abdominal 
compliance, many previous cadaver studies have 
reported that ACS results in superior medializa-
tion of the rectus muscles. After retro rectus dis-
section, surgeons should assess the compliance 

of the abdominal wall and make the decision for 
ACS vs PCS based on their intraoperative assess-
ment of abdominal wall compliance [20].

 Conclusion

Subxiphoid hernias are a complex subset of 
abdominal wall hernias. Preoperative planning 
utilizing radiographic analysis can assist sur-
geons in deciding if the need for a component 
separation may or may not be necessary. 
Radiographic evidence supporting the need for a 
component separation can guide the patient- 
surgeon conversation and also better prepare the 
surgeon for what he or she may encounter 
intraoperatively.
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16Suprapubic Hernias

Charlotte Horne and Ajita S. Prabhu

Suprapubic hernias present a unique challenge to 
a hernia surgeon due as their proximity to bony 
structures can make creating enough space for 
adequate mesh overlap technically challenging. 
Additionally, due to the atypical location of these 
hernias, understanding the normal anatomy as 
well as interpreting the variant anatomy is essen-
tial to achieving an adequate repair. Evaluating 
the imaging is essential when approaching the 
repair of these defects and the imaging provides 
essential information including defect size, prox-
imity to vascular anatomy as well as the relation-
ship to bony landmarks of the pelvis. 
Understanding these key findings on imaging 
preoperatively can allow the surgeon to success-
fully negotiate these planes intraoperatively and 
help the surgeon achieve an appropriate repair.

Suprapubic hernias are defined by the EHS 
guidelines as defects located from the pubic bone 
to 3  cm cranially [1]. These hernias can occur 
after Pfannenstiel incisions, lower midline inci-
sions, low transverse incisions, trocar sites, or at 
previous suprapubic catheter insertion site. These 

are atypical hernias due to their relatively low 
incidence and their proximity to the pubis, major 
vascular structures as well as the bladder 
(Fig. 16.1).

Multiple imaging modalities are available to 
evaluate the anatomy in this region including 
ultrasound as well as cross-sectional imaging 
such as CT and MRI. While ultrasound can eval-
uate pelvic structures well, it is not routinely used 
in the evaluation of suprapubic hernias as the 
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quality of the image can be limited by the 
patient’s body habitus as well as the operator per-
forming the ultrasound. An additional limitation 
is the inability of it to demonstrate the relation-
ship of surrounding structures due to the focused 
image it provides.

Cross-sectional imaging is ideal as it allows 
for the evaluation of other concomitant intra- 
abdominal pathology as well as demonstrates the 
relationship of the hernia to both vascular and 
bony anatomy. Both MRI and CT scans can be 
utilized for this purpose. One drawback of obtain-
ing an MRI for evaluation of suprapubic hernias 
is they are more time-consuming for a patient to 
undergo and can be more challenging to inter-
pret. CT scans provide an abundance of informa-
tion about hernia characteristics but also allow 
for the evaluation of concomitant pathology and 
other intra-abdominal structures. While normally, 
intravenous contrast may not be necessary for the 
evaluation of a hernia, it is important to note that 
due to the anatomic location of these hernias, 
contrast may be required to determine their rela-
tionship to major vascular structures in this 
region.

 Normal Imaging

Interpreting imaging in a suprapubic hernia 
requires one to be aware of not only the abdomi-
nal wall muscles but also of the bony and vascu-
lar structures of the pelvis.

Inferior to the umbilicus in the suprapubic 
region the rectus muscles meet at midline with a 
very narrowed linea alba. The lateral abdominal 
wall is made of the external oblique, internal 
oblique, and transversus abdominis from superfi-
cial to deep, respectively. As one is below the 
arcuate line, the posterior rectus sheath is com-
posed only of a thin layer of transversalis fascia 
and peritoneum (Fig. 16.2).

Inferiorly begin the bony aspects of the pelvis 
and the inguinal canal. Understanding these ana-
tomic relationships is essential to allow for 
appropriate overlap as well as to determine if 
there are concomitant inguinal hernias associated 
with a suprapubic hernia.

In this area, the rectus muscle is found inserted 
medially at the pubic symphysis. Extending later-
ally from the pubic symphysis is the lacunar liga-
ment which attaches to the pectineal line of the 
pubis medially and extends laterally to form 
Cooper’s ligament. The epigastric vessels delin-
eate the direct and indirect spaces.

The paired pyramidalis muscles are small 
triangular- shaped muscles that are not always 
present in patients, can be unilateral, and also 
vary in size. The muscles lie between the anterior 
surface of the rectus abdominis muscle and the 
posterior surface of the rectus sheath [2]. Their 
exact function remains unknown but it is theo-
rized the muscle contract in order to tense the 
linea alba. The wider inferior ends of the pyrami-
dalis muscles attach to the pubic symphysis and 
the pubic crests and the more narrow superior 
margins attach to the linea alba [2] (Figs.  16.3 
and 16.4).

The major vascular anatomy in this region 
includes the inferior epigastric vessels which are 
found at the lateral border of the rectus muscles. 
The iliac vessels branch posterior into the inter-
nal and external iliac. The external iliac vein tra-
verses anteriorly and is found at the lateral 
borders of the retropubic space. As it continues 
its medial course, it continues to the femoral 

Fig. 16.2 Inferior to the umbilicus the linea alba (purple 
is narrow). The rectus muscles (red) are larger and meet at 
midline. The lateral abdominal wall consists of the exter-
nal oblique (green), internal oblique (blue), and transver-
sus abdominis (yellow). Below the arcuate line, the 
transversalis consists of a thin layer of fascia that is found 
at the lateral edge of the rectus muscle (yellow). The deep-
est layer is the peritoneum (orange)
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artery below the inguinal ligament which serves 
as an important landmark for femoral hernias 
(Fig. 16.5).

The space of Retzius or prevesicular space 
makes up the extraperitoneal retropubic space 
and is anterior to the bladder. This space is often 
exploited to create adequate mesh overlap at the 
pubis. Deep in the space of Retzius is the urinary 
bladder (Fig. 16.6).

Caudal to the inguinal ligament, the muscles of 
the pelvic floor and anterior thigh insert at the 
pubis to form the pelvic floor (Fig.  16.7). 
Knowledge of these muscles is relevant as obtura-
tor hernias may be present. While suprapubic her-
nias will originate above the pubic symphysis, the 
normal anatomic relationships may be disturbed 
by large hernias and understanding of normal anat-
omy is imperative to prevent injury during repair.

Fig. 16.3 The paired pyramidalis muscles are small tri-
angular shaped. They are not always present and can be 
unilateral. The muscles lie between the anterior surface of 
the rectus abdominis muscle and the posterior surface of 
the rectus sheath

Fig. 16.4 The Rectus insertion to the pubis is marked by 
the red arrow. The pubis is outlined in yellow. The Lacunar 
ligament (Asterisk) extends laterally from the pubic 
symphysis

Fig. 16.5 Major Vascular anatomy of the suprapubic 
region. The Iliac vessels (left in blue) give rise to the infe-
rior epigastric (right in red) at the lateral edge of the rectus 

muscle. On the right, we can see the relationship between 
the iliac and epigastric vessel in relation to the pubis and 
the inguinal ligament (yellow)
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Fig. 16.6 The Space of Retzius is marked by the purple line. This space is a potential preperitoneal space that is ante-
rior to the bladder which can be exploited to create room for adequate mesh overlap below the pubis

Fig. 16.7 Other muscles of the pubis. From front to back. 
Sartorius (A), Tensor Fascia Latae (B) Vastus Intermedius 
(C), Rectus Femoris (D), Pectineus muscle (E), External 
obturator muscle (F)

Fig. 16.8 Relationship between the hernia defect and the 
pubic symphysis on Sagittal view

 Imaging Findings in Suprapubic 
Hernias

As described by Muysoms et al., one of the key 
determinations of suprapubic hernias is its loca-
tion from the pubic symphysis [1]. While these 
are defined by their distance from the pubic sym-
physis, it is important to use imaging to deter-
mine their exact location defects that are just 
superior to the pubic symphysis will present 
unique challenges in obtaining appropriate mesh 

overlap when compared to those that are found at 
the superior aspect of this region. While axial 
cuts of cross-sectional imaging can demonstrate, 
the sagittal view can provide additional informa-
tion about this anatomic relationship (Fig. 16.8).
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Another important relationship that should be 
determined on imaging is the relationship 
between the defect and the rectus muscle 
(Fig. 16.9). As suprapubic hernias may occur in 
patients after Pfannenstiel incisions, tissue-based 
breast reconstructive procedures, cystectomies, 
and other prosthetic implants, determining the 
location of the rectus muscle in relation to the 
defect allow the surgeon to determine appropriate 
approach and overlap (Fig. 16.10).

Another important relationship that should 
be established on imaging is the relationship 
between the defect and the inferior epigastric 
vessels. This relationship is important to ascer-
tain as these defects routinely encroach on 
these vessels. Understanding their proximity to 
the defect is essential as the epigastric vessels 
also mark the transition to the lateral aspect of 
the abdominal wall and can be found just 
medial to the linea semilunaris (Fig. 16.10). If 
near the lateral edge of the defect, there may be 
a need for a potential component separation to 
create a space that allows for adequate mesh 
overlap. As well as understanding the relation-
ship between these vessels and the hernia 
defect is essential, especially in patients with 
multiple previous operations and incisions as 
these vessels as well as the periumbilical per-
forators supply the skin and soft tissue of the 

lower abdomen, and injury to both may lead to 
wound complications

Finally, it is important to ascertain the pres-
ence of concomitant hernias that will require 
repair. In addition to concomitant inguinal her-
nias, cross-sectional imaging should be evaluated 
for defects that may be located superior to the 
suprapubic area as those at significant distance 
away may necessitate variation of operative 
approach such as additional ports, incisions, or 
mesh to repair this defect (Fig. 16.11).

Fig. 16.9 Various types of suprapubic hernias. From left to right: Suprapubic hernia with rectus on either side (red). 
Absent right rectus muscle (middle). Absent bilateral rectus muscle (far right panel)

Fig. 16.10 Epigastric vessels in relationship to hernia 
defect. The epigastric vessels (circled in red) are just lat-
eral to the edge of the defect on the patient’s left. On the 
right side of the defect, they are more lateral and can be 
found at the lateral edge of the rectus muscle
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Fig. 16.11 Concomitant Hernias. This patient has a large epigastric hernia with transverse colon (left panels) with an 
associated suprapubic hernia (right panels)

 Suprapubic Hernias After 
Pfannenstiel Incisions

While the incidence of a suprapubic hernia after 
a Pfannenstiel incision is low [3, 4], this incision 
is commonly used when performing Cesarean 
sections or for specimen retraction during a 
colorectal or gynecologic procedure. Suprapubic 
hernias occur after this incision as the pubis 

serves as the insertion point for the abdominal 
oblique aponeurosis, rectus muscle, and anterior 
fascia. Disruption or inadequate closure can 
result in a hernia through any one or all these lay-
ers. When evaluating imaging in patients after a 
Pfannenstiel incision, it is important to evaluate 
the relationship of defect to the pubis as this can 
help determine the need for appropriate overlap 
or aspects that may make this challenging. When 
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evaluating imaging in these situations it is also 
important to recognize concomitant defects, par-
tial thickness defects, or other defects lateral of 
midline (Fig. 16.12).

It is also important to note that after a 
Pfannenstiel incision, there can be thinning of 
one or possibly both rectus muscles. 
Figure 16.13 demonstrates a patient with a her-
nia defect that is just off of midline to the right. 
While the patient has a robust right rectus mus-
cle, the rectus muscle on the left is substantially 
attenuated.

Additionally, evaluating imaging for the pres-
ence or absence of fat planes can indicate areas 
that will be technically challenging due to dense 
scar tissue or adhesions. In suprapubic hernias 
loss of fat planes may indicate dense adhesions 
between the anterior abdominal wall and the 
bladder which is imperative to note preopera-
tively to prevent accidental injury to the bladder 
in these situations (Fig. 16.14).

Another unique imaging finding in the setting 
of suprapubic hernias after Pfannenstiel incisions 
is the presence of partial thickness hernias. This 

Fig. 16.12 Suprapubic hernia after previous Pfannenstiel 
incision. The left rectus muscle approaches midline and 
the defect is slightly lateral of midline. Concomitant par-
tial thickness hernia with associated suprapubic hernia. 

The patient has an intact external oblique (green) but the 
internal oblique and transversus abdominis are no longer 
intact (blue and yellow, respectively)

Fig. 16.13 Difference in the rectus muscles can be a common finding after Pfannenstiel incisions. Additionally, a lat-
eral weakness or absence of a rectus muscle will not be seen as suprapubic hernia results after a midline incision
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Fig. 16.14 Loss of normal anatomic fat planes. The 
white arrow demonstrates the loss of a normal anatomic 
fat plane between the anterior abdominal wall and the 
bladder from a previous incision. This can indicate dense 
scaring in this area

Fig. 16.15 Partial thickness hernia. While the anterior 
fascia is intact (white arrow), the sigmoid colon (asterisk) 
can be seen herniated through the rectus muscles

occurs when the anterior fascia is intact but there 
is a defect in the transversalis fascia allowing 
bowel or other pelvic content to herniate above 
the rectus muscle while remaining below intact 
external oblique fascia. Such hernias can be dif-
ficult to diagnose based on physical exam since a 
bulge may not be visible and a likely absence of 
a palpable fascial defect as the superior fascia is 
intact. However, these can be easily identified on 
cross-sectional imaging (Fig. 16.15). Here, there 
is continuity of the anterior fascia across the 

entirety of the lower abdomen; however, there is 
a separation of the rectus muscles deep to that 
and the sigmoid colon is seen herniating through 
this defect.

 Imaging in Suprapubic Hernias 
in the Setting of Orthopedic 
Implants

The presence of adjacent orthopedic implants in 
the setting of suprapubic hernias can result in a 
very challenging hernia repair. Most of the time, 
orthopedic implants in the pelvic area involve hip 
prosthesis or spinal prosthesis which are not rel-
evant to the repair. However, patients that have 
orthopedic implants of the anterior pelvis such as 
reconstruction of the pubic symphysis will have 
implants that will be in the surgical field and 
must be managed during the repair. Using imag-
ing to evaluate critical pelvic structures in rela-
tion to these implants is key to ensure an 
appropriate repair with adequate overlap, miti-
gate risks of complications and prevent injury to 
the implant.

The first step when evaluating imaging in these 
situations is to understand what orthopedic pros-
thetic is in place and its components. These often 
can be easily identified on the scout films. 
Identifying the presence of plates and or screws 
and their locations on imaging is important as they 
can serve for anatomical landmarks in the OR. As 
these are fixed structures, understanding their ana-
tomic relationships with other important structures 
can allow for easy identification of these critical 
structures intraoperatively (Fig. 16.16).

After the prosthetic components have been 
identified and their relationships to or involve-
ment with critical structures has been determined, 
the next step in evaluating imaging is to under-
stand the hernia characteristics and their relation-
ship to the prosthetic. It is important to not only 
determine defect size but also proximity to the 
prosthetic, which will help determine whether 
appropriate overlap is possible, contents within 
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the hernia as well as the anatomy of the abdomi-
nal wall musculature in that area. Examining not 
only the axial views but as well as the sagittal and 
coronal images can allow the surgeon to create a 
3D mental model of the location of the prosthetic 
in various dimensions. Sagittal and coronal views 
are helpful in examining vertical distance rela-

tionships from the prosthetic that may not be as 
apparent on the axial cross-sectional imaging 
(Figs. 16.17, 16.18, and 16.19).

Orthopedic hardware in the region of the pel-
vis presents a challenge when evaluating 
 suprapubic hernias as oftentimes the presence of 
these implants results in a significant amount of 
artifact on imaging that can obscure relevant 
anatomy. These artifacts occur due to metal in the 
image plane as well as metal found in adjacent 
planes. In these situations, MRI can be utilized to 
minimize the amount of artifacts present in the 
image. A specific sequence called a metal artifact 
reduction sequence (MARS) can be utilized to 
reduce the intensity of the artifacts in the image. 
This sequence utilizes a lower magnetic field 
strength, spin echo as well as short T1 inversion 
recovery for fat suppression, thinner image slices 
as well as overall increased pixels. If there are 
significant artifacts present that limit the ability 
to interpret the suprapubic anatomy, we recom-
mend utilizing MRI in these situations for the 
reasons listed above to allow for thorough image 
evaluation and operative planning.

Fig. 16.16 Understanding anatomic relationships. Here, 
the iliac vessels (red) are located lateral to the superior 
aspect of the pubic symphysis plate. In the operating 
room, any dissection medial and inferior to this can be 
done safely without concern for major vascular injury

Fig. 16.17 Understanding anatomic relationships. A 
small defect is noted just inferior to the iliac crests (White 
arrow). Caudally to this, there is a partial thickness defect 
with intact anterior fascia with the anterior portion of the 
bladder above the rectus muscles. This is noted to be at the 

level of the femoral heads, and it is important to note the 
absence of any prosthetic implants in this area. Additionally, 
there is a clear flat plane anterior to the bladder indicating 
that there is a relative absence of scar tissue in this area and 
the bladder should be easily reduced from this defect
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ba c

Fig. 16.18 These images demonstrate the bladder (yel-
low asterisk) herniating through the defect (a) but also is 
below the hardware (b and c). From these images, we can 

ascertain that appropriate inferior mesh overlap will be 
challenging due to its proximity to the hardware

Fig. 16.19 The sagittal 
view helps to better 
characterize the distance 
of the defect to the 
implant as well as the 
amount of bladder 
herniating through the 
defect. Additionally, the 
anterior aspect of this 
bladder herniating 
through the defect 
demonstrates preserved 
fat planes, but we can 
see that posteriorly, just 
above the hardware, 
these fat planes are no 
longer present and may 
indicate that the bladder 
is densely adherent to 
this hardware

 Suprapubic and Inguinal Hernias

Determining the difference between a suprapubic 
hernia or an inguinal hernia on exam, especially 
when large, is challenging since both hernias 
start superior to the pubis and can extended into 
the scrotum in males or below the pubis in 
females. However, when evaluating the cross- 
sectional imaging, several key imaging findings 

can be identified to delineate the difference 
between these two defects.

First, in patients with inguinal hernias, even if 
they are bilateral, the midline linea alba will be 
intact on imaging (Fig.  16.20). With the linea 
alba intact, it will be clear that the defects origi-
nate lateral to this. This can be seen on imaging 
by examining the relationship between the defect 
and the rectus muscles (Fig.  16.21 and 16.22). 
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Fig. 16.20 Left panel: Bilateral inguinal hernias. Here 
the linea alba is intact (white arrow) and two discrete 
defects are seen lateral to this (yellow asterisks). Right 

panel: Suprapubic hernia. The linea alba is not intact and 
the bowel contents are seen herniating through this (white 
arrow)

Fig. 16.21 An inguinal hernia can be distinguished by its 
origin lateral to the rectus muscles (red) Fig. 16.22 Suprapubic hernias are located medial to the 

rectus muscles (red)

Inguinal hernias defects can be found lateral to 
the rectus muscles whereas suprapubic hernias 
will be located medially to the rectus muscles. In 
imaging done with contrast, another important 
anatomic landmark that may be helpful in char-
acterizing the defect is the inferior epigastric ves-
sels. Indirect inguinal hernias will be found 
lateral to these defects and suprapubic hernias 
will be found medially.

While the location of the rectus muscle can 
frequently be used as a key distinguishing feature 
to delineate the difference between a suprapubic 
and an inguinal hernia, this relationship does not 
hold true if the hernia is an incisional hernia from 
an off-midline incision in the lower abdomen. 

The relationship between these defects and the 
rectus muscle depends on where the incision is, 
in relation to the rectus muscle. These can be 
commonly mistaken for inguinal hernias in this 
situation when they are truly suprapubic inci-
sional hernias.

 Suprapubic Hernias as a Result 
of Other Defects

While lower midline incisions and Pfannenstiel 
incisions may be the most frequent cause of a 
suprapubic hernia, cystectomies for bladder can-
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cer as well as tissue-based breast reconstruction in 
the form of transversus rectus abdominis (TRAM) 
flaps or a deep inferior epigastric perforator (DIEP) 
flap can result in suprapubic hernias. Imaging in 
each of these findings is unique and challenging 
due to the altered abdominal wall anatomy.

Tissue-based breast reconstruction requires 
the relocation of various components of the 
abdominal wall to provide a natural cosmetic 
breast reconstruction [5, 6]. However, with the 
removal of these components of the abdominal 
wall, resultant hernias are not uncommon. In the 
TRAM flap, the skin and rectus muscle are used 
to recreate the breast. If a suprapubic hernia 
occurs in the setting of a previous TRAM flap, 
one key imaging finding is the surgical absence 
of the inferior rectus muscle (Fig. 16.23).

Cystectomies are commonly performed for 
advanced bladder cancer, and while there has 
been a significant trend to minimally invasive 
procedures, suprapubic hernias after these sur-
geries may still occur [7, 8]. As the bladder is no 
longer present, bowel is often seen herniating 
through these defects. Also, as the peritoneum 
and transversalis fascia are removed in these situ-
ations to achieve an adequate oncologic margin, 
this can result in concomitant inguinal hernias 
and the imaging should be reviewed to confirm 
the presence or absence of this. The surgical 
removal of the tissue planes posterior to the rec-
tus muscle commonly results in dense scarring 
between the rectus muscle and the herniated con-
tents which can often be appreciated radiographi-
cally (Fig. 16.24).

Fig. 16.23 Suprapubic hernia after bilateral TRAM 
flaps. The patient has bilateral absence of her rectus mus-
cles but her lateral abdominal wall musculature remains 
intact. (External oblique, green, internal oblique, blue, 

transversus abdominis yellow). Inferiorly, there is a small 
amount of fat herniating through a true fascial defect (cir-
cled in red)

ba c

Fig. 16.24 Suprapubic hernia after cystectomy. There 
are multiple loops of small bowel herniated through the 
defect. These are noted to be densely adherent to the 

abdominal wall (Panel a). Additionally, this patient has a 
left inguinal hernia (yellow asterisk, panel b and c)
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 Suprapubic Hernias in the Setting 
of Pelvic Prosthetics

While suprapubic hernias are complex due to 
their anatomical location and relatively low inci-
dence, another factor that makes these hernias 
uniquely complex is the involvement of perma-
nent pelvic implants such as suprapubic cathe-
ters, reservoirs for penile prosthesis, or other 
pelvic implants. Imaging in these situations is 
essential to understand the relationship of the 
hernia defect to these implants. For those implants 

that cross from an extraperitoneal to a preperito-
neal position, utilizing cross-sectional imaging 
allows the surgeon to understand the paths these 
take to minimize the risk of potential injury to 
these implants (Fig. 16.25). Additionally, imag-
ing can be utilized to plan for appropriate overlap 
and determine the need for potential reposition-
ing of these devices to ensure a durable repair and 
maintain prosthetic function. Again, reviewing 
the axial, coronal, and sagittal views allows one 
to fully visualize all the anatomic relationships 
between these implants to the hernia defect.

Fig. 16.25 Suprapubic hernia after penile prosthetic 
implant. The patient has herniated the reservoir as well as 
some preperitoneal fat through the defect (yellow arrow). 

Although this appears to be a direct inguinal defect, the 
defect is a result of the incision made to implant the 
prosthetic
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 Conclusion

Suprapubic hernias are challenging hernias to 
repair due to their atypical location, limits of over-
lap due to the bony pelvis as well as implants in 
these areas that must be considered when they are 
repaired. Cross-sectional imaging is a key part of 
the operative planning for these hernias as imaging 
in these situations provides a fund of knowledge 
about important anatomic relationships, concomi-
tant defects, potential intraoperative challenges, 
and limitations to appropriate overlap.
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17Flank Hernia
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Abbreviations

AHSQC American Hernia Society 
Quality Collaborative

CT Computed tomography
DASH Dynamic abdominal sonogra-

phy for hernia
LAFS Lumbar and flank 

sonography
MINORS index Methodological index for 

non-randomized studies
MRI Magnetic resonance imagery

 Introduction

Flank hernias are rare clinical entities and account 
for only 1.5–2% of all abdominal wall defects 
[1]. They are often mentioned in conjunction 

with lumbar hernias, and the terminology in the 
literature is often considered interchangeable 
despite the European Hernia Classification pro-
viding anatomical distinction [2]. It is important 
to distinguish them from eventration, which is a 
separate clinical entity that can mimic a true her-
nia postoperatively and develops due to nerve 
damage and subsequent abdominal wall muscle 
laxity [3] (Figs. 17.1 and 17.2). Lumbar hernias 
occur in the area between the 12th rib and the 
iliac crest and are due to a defect in the posterior 
abdominal wall fascia. Flank hernias are most 
common in the fifth decade of life and are more 
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Fig. 17.1 Computed tomography scan showing eventra-
tion of the right lateral abdominal wall. The musculature 
on the right side has thinned out compared with the left 
side, which is the definition of eventration and causes 
bulging of the right flank on physical exam
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prevalent in males. Some authors claim that pri-
mary hernias are more common on the left side, 
although there is no good evidence to substanti-
ate this claim [4, 5]. The majority of flank hernias 
are diagnosed due to previous surgery or trauma 
[6]. Understanding how these patients present 
and how to appropriately evaluate suspected 
flank hernias is important in clinical practice.

The two primary categories of flank hernias 
are congenital and acquired. Acquired flank her-
nias are a more common etiology and can be 
divided into primary and secondary categories 
based on etiology. Congenital flank hernias occur 
spontaneously, whereas secondary acquired flank 
hernias occur following trauma, surgery, or infec-
tion. Flank hernias occurring after surgical inter-
vention do not correspond to typical anatomical 
landmarks.

There are three anatomically distinct types of 
flank hernias. They are classified based on the 
location of the hernia neck: superior flank hernia, 
inferior flank hernia, and diffuse type hernias.

A superior flank hernia occurs through the 
superior lumbar triangle, also referred to as the 
triangle of Grynfeltt-Lesshaft. The superior bor-
der of a superior flank hernia is the 12th rib, with 
the roof of the hernia consisting of the external 
oblique and latissimus dorsi muscles. The infe-
rior aspect or the floor of the hernia consists of 
the transversalis fascia and the aponeurosis of the 
transversus abdominis muscle. The medial bor-
der is the quadratus lumborum muscle and the 
lateral border is the internal oblique muscle 
(Fig. 17.3).

Fig. 17.2 Computed tomography scan showing eventra-
tion of the right flank. Although there is some muscle 
adjacent to this eventration, the fascial layer remains 
intact
©Photo produced by William W. Hope, MD, 2019

Fig. 17.3 Schematic 
drawing of a posterior 
view of lower back 
anatomy and relevant 
structures around the 
superior and inferior 
lumbar triangles
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An inferior flank hernia occurs at the inferior 
lumbar triangle and is also referred to as Petit’s 
triangle. The anterior border of this hernia space 
is the external oblique muscle, and the posterior 
border is the latissimus dorsi muscle. The floor 
consists of the internal oblique muscle, and the 
inferior border is the iliac crest (Fig. 17.3).

Diffuse lumbar hernias are not limited by the 
anatomical structures that define the superior and 
inferior types. They can be quite large and usu-
ally occur after a surgical procedure or traumatic 
event (Figs. 17.4 and 17.5) [7]. (Video 17.1)

Diagnosing flank hernias can be difficult due to 
their rarity in clinical practice. The remainder of 
this chapter explains the clinical presentation and 
diagnostic tools that are helpful in improving the 

understanding of flank hernias, patient selection, 
and the utility of available imaging modalities.

 Patient Selection

Flank hernias can be difficult to diagnose due to 
their nonspecific clinical signs and symptoms. 
When patients present with symptoms of flank 
pain or a suspicious bulge on clinical exam, they 
may be candidates for further diagnostic imag-
ing. The differential diagnosis of a flank mass 
should include traumatic or postsurgical hema-
toma, abscess, lipoma, or another type of soft tis-
sue tumor [4]. Rarely, patients present with signs 
and symptoms consistent with bowel obstruction. 
In this instance, imaging may demonstrate an 
incarcerated or strangulated flank hernia. Another 
common way that these hernias are diagnosed is 
incidentally through routine imaging after 
trauma. Finding an incidental flank hernia may 
guide a surgeon to the correct diagnosis before it 
becomes symptomatic.

The most common presenting sign consistent 
with a flank hernia is a bulge in the flank region 
[8]. Eighty percent of flank hernias are acquired 
and most commonly seen following surgical 
intervention in that region [6]. Postsurgical flank 
hernias are most often seen after trauma, iliac 
bone harvest, and retroperitoneal surgery for aor-
tic disease, urologic/kidney pathology, or surgery 
for spine exposure [9]. Therefore, obtaining a 
good clinical history is an important step in diag-
nosing a suspected flank hernia. Patients typi-
cally describe low back pain lateralized to the 
affected side and/or abdominal pain. Symptoms 
can worsen, and patients may describe changes in 
the affected area with alterations in position, 
coughing, or straining. In rare cases, these her-
nias may become incarcerated or strangulated, 
and patients may describe skin changes, worsen-
ing pain, constipation, and/or other changes in 
bowel habits.

On physical exam, patients typically display a 
bulge in the flank region, which disappears when 
they assume a supine or decubitus position. Most 
flank hernias are reducible, but up to 24% of 
patients present with incarceration and 5% with 

Fig. 17.4 Computed tomography scan of a traumatic 
flank hernia from a motor vehicle crash. The muscles of 
the right lateral abdomen have been traumatically avulsed 
from the attachments to the anterior superior iliac spine
©Photo produced by William W. Hope, MD, 2019

Fig. 17.5 Computed tomography scan demonstrating a 
true left flank hernia with a bowel protruding through the 
fascial defect
©Photo produced by William W. Hope, MD, 2019
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Fig. 17.6 Traumatic flank hernia located superior to the 
anterior superior iliac crest
©Photo by William W. Hope, MD, 2019

Fig. 17.7 The patient is placed in the left lateral decubitus 
position. Ultrasound probe placed on the flank to evaluate 
for hernia
©Photo by Jordan A. Bilezikian, MD, Justin D. Faulkner, 
MD, 2020

strangulation [10–12]. The patient in Fig. 17.6 is 
lying in a lateral decubitus position, and the her-
nia can be palpated just superior to the iliac crest. 
Although these hernias vary in size, acquired 
flank hernias typically occur just superior to the 
iliac crest, as depicted in the CT (Fig. 17.5). On 
exam, patients may have a surgical scar in the 
affected area and exhibit tenderness to palpation 
at the site. Unless the hernia is incarcerated, it 
should be reducible with gentle manipulation.

Clinical suspicion in a community setting is 
generally low when a patient presents with com-
plaints of lower back pain and a bulge. This is 
due to the infrequency of the diagnosis in com-
munity practice. Flank hernias can be confused 
with an abscess, lipoma, tumor, or hematoma fol-
lowing trauma [13]. Understanding the associ-
ated symptoms and the anatomical location of 
flank hernias allows for more prompt diagnosis 
and timely referrals. If there is clinical suspicion 
for a flank hernia after a history and physical 
exam has been performed, then further imaging 
studies are indicated.

 Ultrasound Scanning

Although computed tomography scanning is the 
most widely used imaging modality for flank her-
nias, ultrasonography may be used in certain 

cases. Ultrasound is a rapid, noninvasive, and 
inexpensive technique for detecting abdominal 
wall hernias [14–18]. In 2013, Beck et  al. first 
published a standardized method called dynamic 
abdominal sonography for hernia (DASH). The 
sensitivity in this study was 98%, and the speci-
ficity was 88% for detecting abdominal wall her-
nias [18]. Although this method is designed for 
detecting hernias of the anterior abdominal wall, 
a similar method can be used in the flank and 
lumbar regions.

The patient should be placed in the lateral 
decubitus position with the side of concern facing 
up toward the examiner. The patient’s head, neck, 
and shoulders should be placed in a comfortable 
position. The flank should be exposed, and an 
adequate amount of gel should be placed over the 
region of concern. A 12-MHz linear ultrasound 
probe should be positioned perpendicular to the 
patient’s skin (Fig. 17.7). If there is an obvious 
bulge, the probe should be placed directly over it 
to look for a fascial defect with signs of herniated 
intra-abdominal contents. If there is not a bulge 
or if nothing is found during this initial examina-
tion, then a systematic scanning of the region 
should be done.

A modification of the originally described 
DASH method is called LAFS (lumbar and flank 
sonography). The linear ultrasound probe should 
be placed at the superior-medial portion of the 
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Fig. 17.8 The patient is placed in the left lateral decubitus 
position. The linear ultrasound probe being placed at the 
superior-medial portion of the superior lumbar triangle, 
just inferior to the 12th rib and just lateral to the spine to 
evaluate for a lumbar hernia. This is where the probe starts 
when employing the LAFS method
©Photo by Jordan A. Bilezikian, MD, Justin D. Faulkner, 
MD, 2020

superior lumbar triangle, just inferior to the 12th 
rib and just lateral to the spine (Fig. 17.8). The 
probe should be moved caudally to the iliac crest 
and then repositioned and moved adjacent and 
lateral to the location where the exam first began. 
The probe should be moved continually in a 
cephalad to caudal direction. Sonography is per-
formed from cephalad to caudal in a series of 
adjacent lines until the mid-axillary line is 
reached. This systematic method should cover 
both the superior and inferior lumbar triangles in 
the examination.

 Magnetic Resonance Imaging

There have been no studies that focus on the use 
of MRI specifically to diagnose or evaluate lum-
bar hernias [19]. However, it may be useful when 
radiation is contraindicated and when other diag-
nostic modalities have failed to delineate an ade-
quate diagnosis. The disadvantages to this 
modality are that it is time-consuming and expen-
sive and surgeons are usually less well-versed in 
reading these images as compared to computed 
tomography scanning.

 Computed Tomography Scanning

Computerized tomography scanning is the gold 
standard for diagnosing flank and lumbar her-
nias [14]. This is likely due to the widespread 
availability of equipment, the speed of the 
exam, and the ubiquitous nature of CT scanning 
of the abdomen and pelvis for a variety of com-
plaints. When CT scanning was gaining use as 
a novel imaging modality in the 1980s, it was 
shown in several case reports [8, 20] and sev-
eral small case series [21–23] to be adequate 
for flank and lumbar hernia diagnosis. As CT 
scanning equipment became more efficient, it 
was increasingly used in clinical practice. The 
imaging modality is so common in modern 
medicine that patients routinely receive multi-
ple CT scans for clinical scenarios such as trau-
matic events and abdominal pain. Often, CT 
scan findings suggest a hernia as the diagnosis 
explaining the patient’s chief complaint. 
However, abdominal wall hernias are frequently 
also diagnosed as “incidental” findings.

Knowledge of abdominal wall anatomy 
along with a high-quality imaging study can 
allow surgeons to differentiate a true flank or 
lumbar hernia from eventration. When there is a 
fascial disruption with protrusion of intra-
abdominal contents, this represents a true her-
nia. However, when there is a bulge that 
includes all layers of the abdominal wall at a 
given point, this is eventration. On the patient’s 
left lateral side of Fig.  17.4, there is a good 
demonstration of the separate abdominal wall 
layers as they course along the flank. From 
superficial to deep, they are the external oblique 
fascia, internal oblique fascia, and transversalis 
fascia. The rectus abdominis muscles overly the 
anterior abdominal wall. As demonstrated in 
the patient’s right lateral side in Fig. 17.4, there 
is traumatic disruption of these abdominal mus-
cle layers with protrusion of intra- abdominal 
contents. This is a true hernia and is in stark 
contrast to the intact fascia present in an even-
tration, as depicted in Figs.  17.1 and 17.2. 
(Video 17.2)
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 Clinical Pearls

• Understanding the abdominal wall anatomy is 
critical in evaluating imaging for flank her-
nias. Surgeons should familiarize themselves 
with the muscle, fascia, and bony portions of 
the abdominal wall as well as the neurovascu-
lar anatomy.

• For surgeons adept at performing ultrasound, 
a modification of the well-described DASH 
[16, 18] technique called the LAFS (lumbar 
and flank sonography) technique can be used 
to quickly diagnose patients with flank her-
nias. (Video 17.3)

• Surgeons should become comfortable/familiar 
with reading CT scans related to flank 
hernias.

• CT scanning is recommended when evaluat-
ing flank hernias to help delineate anatomy, 
identify a true hernia versus an eventration of 
tissue, and to help with operative planning.

• Often, flank hernias caused by trauma or pre-
vious incisions represent an eventration of tis-
sue due to loss of contractility of musculature 
in the flank area. These eventrations can be 
very difficult to repair surgically and can often 
be monitored if the patient is not having 
symptoms.

 Literature Review

Overall, there is little high-quality literature con-
cerning flank hernias, including imaging and 
management [24]. Most of the literature consists 
of case reports [20] and small case series[21–23].

Baker et  al. in 1987 published a small case 
series of seven patients with lumbar hernias using 
CT as the main imaging modality before CT 
gained widespread use [8]. Prior to this, there 
were only three case reports with similar find-
ings. In 1989, Faro et al. published the first case 
series including seven patients who were diag-
nosed using CT with acute post-traumatic lumbar 
hernias [22]. Since that time, most of the diag-
nostic imaging papers have focused on small case 
series at individual institutions or rare types of 
lumbar and flank hernias.

A 2008 report by Armstrong et  al. demon-
strated the utility of CT and MRI in the diagnosis 
of lumbar hernia when there was clinical suspi-
cion [4]. Several high-quality photos were 
included in their report of two patients who ini-
tially presented for evaluation with complaints of 
painful flank lipomas.

In 1989, Siffring et al. described the first lum-
bar hernia diagnosis using ultrasound [17]. 
Although CT is the gold standard for diagnosis 
and operative planning of flank hernia, ultraso-
nography may be used as an initial screening tool 
in cases when the clinical diagnosis is unclear or 
questioned. In this chapter, we discuss a stan-
dardized method for ultrasound diagnosis of 
flank and lumbar hernias that is based on the 
well-described method for diagnosing ventral 
hernias [18]. This method, LAFS (lumbar and 
flank sonography), is analogous to the previously 
described DASH method by Beck et al. in 2013 
[16, 18].

Van Steensel et al. published the first system-
atic review of the literature regarding primary 
lumbar hernias in 2019. After a review of 670 ini-
tial articles, the authors reported on 14 of these 
which met inclusion criteria [7]. The average 
quality of the articles that met inclusion criteria 
was 4.7 on the MINORS (methodological index 
for non-randomized studies) index (range from 0 
to 16). The authors reported that incarceration 
was observed in 30.8% of patients and that 2% of 
patients developed a hernia recurrence postoper-
atively [7]. However, the studies included in this 
review focused primarily on diagnosis and treat-
ment rather than on imaging techniques.

The most recent publication concerning flank 
hernias was a retrospective review of eight lateral 
abdominal wall hernias published by Katkhouda 
et al. [25]. This study focused on appropriate sur-
gical management and highlighted the difficulty 
of studying such a rare clinical entity. Future 
studies should focus on prospectively analyzing 
flank and lumbar hernias using a multiple institu-
tional approach. Databases such as the Abdominal 
Core Health Quality Collaborative (ACHQC) can 
be used to analyze larger pools of data. The imag-
ing modalities used for diagnosis should be 
included in these data.
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 Conclusion

Although CT is the most commonly used modal-
ity for evaluating flank hernias, consideration 
should be given to using bedside ultrasound as an 
initial screening tool in cases when the clinical 
diagnosis is unclear or questioned. It is a quick, 
relatively inexpensive, and noninvasive tool. The 
LAFS method can be used to swiftly and accu-
rately assess for flank or lumbar hernias in order 
to avoid unnecessary exposure to radiation and 
more expensive costs associated with other imag-
ing modalities. However, if suspicion of a flank 
hernia remains and the US is equivocal, a CT for 
further evaluation is recommended.
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18Parastomal Hernias

Alexander T. Liu and Eric M. Pauli

 Introduction

Stoma creation is an important surgical technique 
in elective and emergent alimentary tract opera-
tions, with over 100,000  in the US patients 
receiving colostomy or ileostomy each year [1]. 
One of the most common complications of hav-
ing a stoma is the development of a parastomal 
hernia (PH). These are often complex hernias 
involving various aspects of the abdominal wall 
musculature and fascial tissue and prove to be a 
significant challenge in clinical assessment and 
operative repair. Many factors are considered 
when assessing and examining PH, including 
size, location, bowel involvement, stoma func-
tion, concomitant hernias, mesentery, and 
obstruction. These factors are often difficult or 
impossible to assess with the physical exam alone 
thus evaluation with computed tomography (CT) 
scans is crucial for understanding, assessing, and 
approaching the management of PH. This chapter 
provides an overview of CT imaging consider-
ations for understanding and evaluating stomas 
and PH.

 Incidence

The incidence of PH can vary greatly depending 
on the type of stoma. Based on a 2003 review, the 
incidence of hernias in end and loop ileostomies 
are as high as 28.3 and 6.2%, respectively; in 
colostomies, the incidence are as high as 48.1 and 
30.8%, respectively. [2] A recent review of litera-
ture reported that overall PH occurrence can be 
as high as 56–58% with colostomies and as high 
as 35% with ileostomies. [3, 4] According to one 
review, there are approximately 87,000–135,000 
stoma creation cases annually in the United 
States and approximately 20,000–35,000 patients 
(30–50%) develop PH. [5]

 Challenges

One of the challenges in treating PH is the limitation 
of the physical exam. The contents within a PH are 
difficult to predict with just the surgeon’s eyes and 
hands. Because there should be bowel in the abdom-
inal wall, and because the patient generally has an 
ostomy appliance on for clinic examination, it is 
challenging if not impossible to know the PH con-
tents for certain without the assistance of imaging. 
CT imaging can provide valuable information and 
details that support the physical exam; it can show 
the extent of the defect, the musculature and tissues 
involved, and the contents of the hernia. Knowing 
the visual details of a PH allows the surgeon to then 
plan the most appropriate operative repair.
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Fig. 18.1 Normal end ileostomy; ileum traverses the 
mid-body of the right rectus abdominis muscle in a 
straight line without redundancy or twist Fig. 18.2 Left-sided colostomy sited through the semilu-

nar line has resulted in a disassociation of the internal 
oblique (arrow) and external oblique (arrowheads) mus-
cles from the left rectus abdominis Anatomy

Understanding the abdominal wall anatomy when 
creating stomas can help avoid complications 
such as the development of hernias. The location 
of the stoma often depends on the type of ostomy 
being formed. In general, stoma siting involves 
penetrating through the rectus abdominis muscle 
above the arcuate line without being too lateral or 
medial within the body of the rectus (Fig 18.1). 
[6] While seemingly simple, certain factors can 
limit appropriate locations for stoma creation 
such as body habitus, scars, posture, ostomy 
accessibility, or anatomy, and lead to bad siting.

Bad siting can disrupt the abdominal wall muscu-
lature and fascial tissue leading to large and complex 
defects; for example, an ostomy formed laterally in 
the rectus sheath may disconnect the lateral muscu-
lature from the rectus at the semilunar line and/or 
injure the innervation to the rectus muscle itself 
(Fig. 18.2). Bad sitting can lead to poor quality of 
life for the patient as a result of difficulties with bag 
fit or the ease with which they can change their 
appliance. The goal of surgery is to treat the patient 
while avoiding complications, and the best way to 
do that is by understanding the anatomy prior to per-
forming the operation. In the case of PH, the purpose 
of understanding anatomy is to effectively repair the 
defect and restore function and anatomy.

 Normal Radiographical Findings

Recognizing normal findings of stomas on CT 
can help understand abnormal findings after the 

development of PH. Recognizing what was not 
there prior to hernia development and identifying 
additional defects that may have developed will 
help with appropriate operative planning. The 
development of PH is often accompanied by the 
development of concomitant midline hernias or 
other abdominal wall changes (such as rectus 
denervation). Understanding normal stoma anat-
omy will provide an outline for repair.

 Ileostomy and Colostomy

Ileostomy and colostomy are some of the most 
commonly created stomas. Normal radiographi-
cal findings should reflect the same operative 
findings and steps necessary to create the stoma. 
The site of the stoma is generally trans-rectus on 
the right or left side and above the infraumbilical 
fat mound (Fig. 18.3). The bowel and mesentery 
should penetrate the anterior and posterior rectus 
sheath in a perpendicular fashion without stran-
gulation or redundancy. Small openings can 
cause ischemia or obstruction, while large open-
ings can progress into PH. The stoma tract should 
ideally be through the mid body of the rectus 
abdominis muscle, avoiding the semilunar line or 
linea alba. [6, 7] While there has been no clear 
evidence to suggest that trans-rectus stoma cre-
ation technique is more effective than the lateral 
rectus positioning in reducing the incidence of 
PH [8–10], the complexity of the defect and dif-
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Fig. 18.3 (a) Normal end ileostomy (axial view). (b) Normal end colostomy (sagittal view)

ficulty of the repair from a laterally occurring PH 
can be more memorable for the surgeon because 
of the challenging location and abdominal wall 
components involved.

The colon generally has more bulk and may 
require wide mobilization before the stoma loca-
tion is ultimately chosen; i.e., an end descending 
colostomy will sometimes require the mobiliza-
tion of the left colon, splenic flexure, and trans-
verse colon. On imaging, it is especially important 
to note the directionality of the mesentery in rela-
tion to the stoma site. A left-sided colostomy is 
limited by the mesentery on the same side and 
generally cannot cross midline should it need 
potential relocation. [6] The same principles 
apply to creating an enterostomy or ileostomy, 
which is often less bulky and easier to mobilize 
(with exception of patients with thick mesenteric 
fat or a foreshortened mesentery). An end ileos-
tomy located on the contralateral side of its blood 
supply generally cannot be repaired without relo-
cation in the event a PH develops.

One exception to the trans-rectus location of a 
colostomy is the transverse “blowhole” colos-
tomy, generally formed in emergency situations 
in patients too unstable to tolerate a more pro-
longed operation. Such stomas are generally 

formed in the upper midline through the linea 
alba and therefore result in midline parastomal 
hernias (Fig. 18.4a, b).

 Urostomy

Urinary diversion is performed in patients under-
going radical cystectomy for bladder cancer. The 
most common urinary diversion is the ileal con-
duit (Fig. 18.5). A 10–15 cm segment of ileum 
proximal to the ileocecal valve is isolated along 
with its mesentery for diversion. The remaining 
bowel is re-anastomosed to restore GI tract conti-
nuity. The right and left ureters are mobilized and 
anastomosed to the new ileal conduit. The distal 
end is then matured as the stoma, often in the 
right lower quadrant due to limitations on the 
length of the bowel mesentery. [11] Because the 
conduit is intentionally created from a short seg-
ment of bowel and is fixed (based on its mesen-
tery and attachments to the ureters), relocating a 
urostomy to a new location is generally not fea-
sible without significant effort.

Based on a systematic review, PH occurred 
in 17.1% of patients who underwent cystec-
tomy and ileal conduit surgery and remains 
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Fig. 18.4 (a) Transverse “blowhole” colostomy formed via the midline. (b) Midline parastomal hernia and colostomy 
prolapse

Fig. 18.5 Sagittal CT scan view of a normal urostomy 
(urinary conduit) through the right rectus abdominis. 
Intravenous contrast can be seen accumulating in the renal 
pelvis (arrow) and filling the urinary conduit (arrowheads) 
as it traverses from the pelvis to the skin

one of the most common complications of the 
operation. [12] Further studies found that 
female gender, high body mass index (BMI), 
and poor nutritional status were associated 
with the development of PH after radical cys-
tectomy. [13] The relationship between the 
technical aspects of this operation and hernia 
development remains unclear, but it does not 
diminish an important surgical consideration 
in these patients, which is their postoperative 
anatomy.

In radical cystectomy for muscle-invasive 
bladder cancer, various aspects of the poste-
rior rectus are resected along with the cystec-
tomy specimen. [14] The exposed rectus 
muscle becomes a raw surface for adhesion 
development. The lack of posterior rectus 
sheath, transversalis fascia, peritoneum, and 
bladder also complicate any potential retro-
muscular hernia repair (as these elements of 
the abdominal wall have been resected surgi-
cally). Thus, development of PH around a 
urostomy becomes an underestimated com-
plex issue to address in an already high-risk 
patient population.
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 Appendicostomy

A less common ostomy evaluated on imaging is the 
appendicostomy. These are typically created for 
patients with constipation issues requiring ante-
grade continence enemas (ACE) using the appen-
dix as a conduit. They are often performed in the 
pediatric population, in patients with anorectal 
malformations, or in spina bifida patients requiring 
frequent enemas. The procedure involves mobiliz-
ing the appendix from the right lower quadrant and 
siting the stoma opening at the umbilicus or through 
the right rectus abdominis (Fig.  18.6a). On CT 
imaging, these are seen as a narrow channel linking 
the cecum to the skin. Hernias around appendecto-
mies are uncommon but can occur (Fig. 18.6b).

 Mesentery Considerations

A key consideration in approaching stoma anat-
omy, PH, and operative repair is understanding of 
location and orientation of the mesentery. This is 
crucial for both the stoma perfusion and initial 
siting. Knowing where the mesentery originates 
from and the limitations of where it can be mobi-
lized to is a key part of deciding how a PH can/
should be repaired.

The viability of a stoma is dependent on its 
perfusion via the mesentery. The location of the 
mesentery in relation to the stoma should be 
assessed with CT imaging. During stoma cre-
ation, both bowel and mesentery must be tension- 

free with a straight trajectory towards exit site. 
Any twist of the mesentery can jeopardize perfu-
sion to the stoma. When looking at CT imaging, 
the surgeon should acknowledge whether the 
stoma is on the contralateral or ipsilateral side of 
the root of the mesentery, because this informa-
tion will dictate the operative approach for repair. 
For example, a right-sided descending colostomy 
where the mesentery is crossing midline may not 
be a candidate for Sugarbaker repair due to ten-
sion on the bowel. The importance of having the 
CT scan is being able to correlate the findings 
back to the previous operative reports to under-
stand the limitations of each surgical option and 
plan the optimal approach.

 Classification of PH

There are two classifications that best describe 
the different types of PH seen on imaging. Both 
address some of the key radiographical findings 
when characterizing PH.  These two classifica-
tions also best describe the hernias when discuss-
ing repair and are the most clinically applicable.

 Rubin Classification

In 1993, Rubin described four types of PH based 
on anatomical findings that are radiographically 
correlated (Fig. 18.7). Type I is a true PH with a 
peritoneal sac traversing through enlarged stoma 

a b

Fig. 18.6 (a) Normal appendicostomy formed through the right rectus abdominis. (b) Appendicostomy formed at the 
right linea semilunaris with a parastomal hernia containing inflamed omental fat
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Fig. 18.7 Ruben classification of parastomal hernias; 
(Ia) Interstitial (intraparietal) hernia with bowel trapped 
between the internal and external (arrows) oblique mus-
cles. (Ib) Subcutaneous hernia with small bowel (arrow-
head) in the subcutaneous tissues. (II) Intrastomal hernia 
with dilated bowel (asterisk) within the wall of the ostomy 

loop (small arrowheads). (III) Subcutaneous prolapse of 
excess colon through an intact fascial ring forming a loop 
in the subcutaneous tissue. (IV) Pseudohernia (denerva-
tion of the left rectus) from an ostomy resulting in left- 
sided bulging with cough and Valsalva
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tract. Type I is further subdivided into Type Ia: an 
interstitial hernia where the hernia sac lies within 
the layers of the abdominal muscle, and Type Ib: 
a subcutaneous hernia where the hernia sac lies in 
the subcutaneous tissue. Type II is an intrastomal 
hernia, where the hernia sac lies within the intes-
tinal wall and in the everted intestine of a pro-
lapsed stoma. Type III is a PH with a subcutaneous 
prolapse, where excess bowel forms a loop within 
the subcutaneous tissue with an intact fascial 
ring. Type IV is a pseudohernia such as ones 
associated with flank weakness or denervation 
typically located lateral to the rectus. [15, 16]

 Gil and Szcepkowski Classification

In 2011, Gil and Szcepkowski published a clas-
sification based on structural criteria aimed to 
provide clinical applicability when describing 
PH. The classification is defined as follows: Type 
I is an isolated small PH that is less than 5 cm in 
diameter; Type II is a small PH less than 5 cm in 
diameter with a coexisting midline incisional 
hernia; Type III is an isolated large PH that is 
greater 5 cm in diameter; and Type IV is a large 
PH greater than 5 cm in diameter with a coexist-

ing midline incisional hernia. [17] This classifi-
cation scheme was later revised by Szepkowski 
into the European Hernia Society (EHS) classifi-
cation of PH.

 EHS Parastomal Classification

In 2014, members of the EHS board and subject 
matter experts released their classification 
scheme of parastomal hernias, defining four 
types (Fig. 18.8). [18]

Type I—small (<5  cm) parastomal hernia 
without concomitant incisional hernia

Type II—small (<5  cm) parastomal hernia 
with concomitant incisional hernia

Type III—large (>5  cm) parastomal hernia 
without concomitant incisional hernia

Type IV—large (>5  cm) parastomal hernia 
with concomitant incisional hernia

Their classification system also includes 
details about whether the hernia was recurrent 
after a previous PH repair or whether it was a pri-
mary PH. Although this classification system was 
developed to utilize intraoperative measure-
ments, we have adopted it for preoperative pur-
poses utilizing the CT scan imaging findings.

III

Fig. 18.8 European Hernia Society classification of 
parastomal hernias; (I) Small parastomal hernia (<5 cm 
gap in the rectus (arrowheads)) without concomitant inci-
sional hernia. (II) Small parastomal hernia (<5 cm gap in 
the rectus (arrowheads)) with concomitant incisional her-

nia (arrow). (III) Large parastomal hernia (>5 cm gap in 
the rectus (arrowheads)) without concomitant incisional 
hernia. (IV) Large parastomal hernia (>5 cm gap in the 
rectus (arrowheads)) with concomitant incisional hernia 
(arrows)
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 Clinical and Radiographical 
Significance

When looking at PH on CT imaging there are 
findings that can directly affect the patient’s qual-
ity of life. While most PH are asymptomatic, 
patients have reported symptoms ranging from 
mild discomfort to life-threatening complica-
tions. [19, 20] In many cases, CT imaging pro-
vides the most accurate information for diagnosis 
and etiology. The following findings discussed 
are both relevant to the patient’s symptoms as 
well as important for the surgeon to consider 
prior to planning any operative repair.

 Location

Location of the stoma or subsequent PH is one 
of the most important clinical and radiographi-
cal findings that affect the quality of life of the 
patient as well as their options of management. 
Stoma site is marked preoperatively away from 
bony landmarks, skin folds, scars, belt lines, and 
anticipated incisions. [21] A suboptimal loca-
tion is often the root cause of stoma complica-
tions and patient symptoms. As discussed 
previously, stomas that are created along the 
semilunar line or further lateral can be both dis-
ruptive to the patient’s quality of life as well as 

their surgical treatment options should they 
develop a PH (Figs.  18.2 and 18.7Ia). Stomas 
too lateral can lead to difficulties with fitting 
ostomy appliances resulting in leakage or skin 
excoriations; this is especially true in obese 
patients. [22] In the case of a lateral PH through 
the semilunar line or oblique muscles, repair is 
very difficult, and may require relocation. 
Similarly, PH that are located too close to the 
anterior superior iliac spine can cause appliance 
issues for the patient and may not be amenable 
to minimally invasive options such as laparo-
scopic repair (Fig. 18.9).

Fig. 18.9 End ileostomy with large hernia sac creating 
appliance fitment issues. Note the close proximity of the 
fascial defect (arrows) to the bony pelvis (arrowhead), 
which will make inferior-lateral mesh overlap during 
repair more difficult

IVIII

Fig. 18.8 (continued)
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Fig. 18.10 Recurrent parastomal hernia with prolapse seen (a) radiographically on axial CT scan and (b) on physical 
examination (c) radiographically on sagittal CT scan

Fig. 18.11 Small bowel obstruction in a patient with a 
urostomy with decompressed distal small bowel and 
colon (arrowhead) and multiple dilated loops of small 
bowel (arrows). Note the free fluid surrounding the bowel 
within the parastomal hernia sac

 Prolapse

Prolapse occurs at a rate ranging from 5.4 to 
6.8%; one study quotes the incidence of prolapse 
in loop transverse colostomy as high as 47%. [23, 
24] Prolapse can be easily seen on imaging as 
redundant bowel protruding through the ostomy 
site and hanging outside the body (Fig.  18.10). 
Stoma prolapse can be unsightly for the patient 
and also cause physical discomfort or pain. While 
most prolapses are asymptomatic and do not 
require any intervention, some can develop ste-
nosis, strangulation, and/or obstruction. From a 
surgical standpoint, prolapse can be associated 
with or worsened by the presence of a PH. If the 
surgeon is planning an operative repair, then the 
prolapse will also need to be addressed at the 
time of the operation.

 Small Bowel Obstruction

Small bowel obstruction is one of the most com-
mon symptomatic complications of abdominal 
surgery. In patients who have undergone surger-
ies resulting in a stoma and subsequent PH, it can 
occur in the setting of dense abdominal adhe-
sions or within the hernia sac (Fig.  18.11). In 
patients with a stoma, one study reported an inci-

dence of small bowel obstruction of 9.5%. [24] 
Ileostomy tends to be associated with a higher 
incidence compared to colostomy, 4.5% vs 
0.75%. [25]

Small bowel obstruction can be diagnosed 
clinically and radiographically. Patients typically 
present with nausea, vomiting, minimal or no 
ostomy output, inability to pass flatus or stool, 
and abdominal pain. Radiographically, a transi-
tion point is typically seen where there is a 
change in the caliber of the bowel. In addition to 
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Fig. 18.12 (a) Significant amount of small bowel within 
a parastomal hernia displaces the end colostomy (arrows) 
laterally without causing an obstruction. (b) Obstructed 

stomach (arrowhead) as the result of a large hernia around 
a urostomy

adhesive disease, small bowel obstructions can 
be associated with PH. [26] In the presence of a 
large PH, where there are multiple loops of 
redundant bowel and mesentery within the hernia 
sac, the fascial defect can become a source of 
obstruction or strangulation for the bowel within 
the hernia sac. Small bowel entering and exiting 
the defect can become kinked at the level of the 
fascia.

Most isolated small bowel obstruction can be 
managed nonoperatively. However, an obstruc-
tion or strangulation associated with a PH is an 
indication of surgical repair. [26] It is therefore 
crucial to distinguish on CT scan whether the 
cause of the obstruction is due to the PH or at an 
isolated transition point elsewhere. In the latter 
case, a planned repair of the PH alone would not 
resolve the obstruction.

 Additional Radiographical 
Considerations for Repair

 Hernia Contents

Depending on the size, location, and type of 
defect, PH contents can include small bowel, 
colon, mesentery, omentum, and in rare cases, 

stomach (Fig. 18.12). [27] The importance is cor-
relating the herniated contents on imaging with 
patient symptoms to plan an effective operation 
for repair.

 Concomitant Hernias

As previously mentioned, the physical exam is 
limited in assessing PH. Subsequently, the use of 
imaging has contributed to higher detection of 
concomitant incisional hernias not apparent on 
physical exam. [19, 28, 29] According to Gil and 
Szcepkowski, 21% of PH in their study were dis-
covered with coexisting incisional hernias (Type II 
and IV). [17] Their classification serves to better 
identify patients with PH requiring different surgi-
cal needs. A type I and II hernia may only require 
a laparoscopic Sugarbaker repair to be successful. 
Whereas, type III and IV may likely need a more 
comprehensive (open or robotic) abdominal wall 
reconstruction to effectively address the parasto-
mal defect and/or midline incisional hernia. 
Regardless of classification, imaging often reveals 
additional defects that will ultimately need to be 
addressed at the time of the operation (Fig. 18.13). 
Knowing what to expect ahead of time can more 
effectively plan the operation for success.
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Fig. 18.13 (a) Parastomal hernia through the left rectus 
muscle with concomitant midline incisional hernia. (b) 
Parastomal hernia through the right rectus muscle with 

concomitant incisional hernia through the left rectus mus-
cle at a prior ostomy site

 Previous Repairs and Mesh 
Complications

PH is a recurrent disease, and some patients will 
undergo multiple operations before achieving 
long-term relief. It is essential to correlate imag-
ing to previous operative reports in order to 
know and understand the layout of the patient’s 
abdomen before making an incision. If the 
patient has undergone previous hernia repairs, 
there is often mesh already in place, which is 
important to note because additional repair may 
involve manipulation of the mesh and scar tis-
sue (Fig. 18.14). Additionally, there can be com-
plications associated with previous mesh 
implantation. Although mesh infection rates in 
PH are reported between 2 and 3% and overall 
wound infection rates of 4% [30], mesh erosions 

can occur and will alter how the repair can be 
performed (Fig. 18.15).

In some patients, mesh can be seen on imag-
ing in patients without prior PH repairs. Within 
the literature, prophylactic mesh placement has 
been shown to decrease the incidence rate of 
PH. One study reported that the use of synthetic 
mesh was able to lower the occurrence of PH and 
be potentially more cost-effective when utilized 
prophylactically. [19, 22] However in practice, 
there remains to be a consensus among surgeons 
on prophylactic mesh placement, optimal mesh 
type, and mesh positioning. In particular, rates of 
prophylactic mesh differ between European and 
North American surgeons. Regardless of when 
mesh is placed, confirming on imaging what 
hardware is already present is an integral part of 
planning an operation.
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Fig. 18.14 Recurrent parastomal hernias following prior 
mesh repair; (a) failed IPUM Sugarbaker repair with 
expanded polytetrafluorethylene (ePTFE) mesh (arrow). 
(b) Failed keyhole repair with reduced-weight polypro-
pylene mesh, identifiable only by radiopaque mesh fixa-

tion (arrowheads). (c) Failed IPUM keyhole repair with 
heavyweight polypropylene mesh, identifiable only by 
radiopaque mesh fixation (arrowheads). (d) Failed IPUM 
Sugarbaker repair with porcine small intestine submucosa 
(SIS) mesh (arrow)

Fig. 18.15 Acute mesh erosion into an ileostomy follow-
ing laparoscopic IPUM Sugarbaker repair as a result of 
over-aggressive lateralization maneuvers. Radiopaque 
mesh fixation (arrows) can be seen with an air fluid level 
(succus) tracking around the mesh and posterior abdomi-
nal wall towards the midline skin (arrowheads)

 Radiographical Findings After PH 
Repair

Many PH can be managed conservatively. 
However, surgical repair is indicated when there 
is strangulation or obstruction present. PH is a 
complex disease and there are various surgical 
techniques that can be performed, including 
local revision, stoma relocation, or mesh repair 
(Sugarbaker, keyhole, cruciate, Stapled 
Transabdominal Ostomy Reinforcement with 
Retromuscular Mesh). Even after a successful 
repair, the recurrence rate of a PH is reported up 
to 50% across all techniques. [31] The tech-
niques discussed in this section highlight the 
common operative findings on CT imaging after 
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the repair is performed; the operative steps of 
the repair will reflect the findings on imaging.

 Sugarbaker and Keyhole Repair

Mesh implantation can be performed in several 
ways: onlay, sublay (retromuscular), or underlay 
(intraperitoneal). The intraperitoneal underlay 
mesh (IPUM) repair for PH can be performed 
using the Sugarbaker or the keyhole configuration 
mesh either open or via minimally invasive meth-
ods (laparoscopic or robotic-assisted). In the 
Sugarbaker technique, mesh is placed over the fas-
cial defect and covers a segment of lateralized 
bowel with >5 cm overlap beyond the defect. The 
mesh is secured at all points except where the lat-
eralized bowel exits, creating a valve flap to pre-
vent further herniation. In the keyhole repair, mesh 
is placed over the fascial defect utilizing a slit in 
the mesh leading to a 2–3 cm trephine where the 
bowel passes. [2, 10, 19] Both techniques can be 
seen on imaging as mesh covering the fascial 
defect after successful reduction of the hernia con-
tents. The Sugarbaker repair is distinguished by 
the presence of bowel exiting from the lateral edge 
of the mesh (Fig. 18.16); in a keyhole, the bowel 
traverses the center of the mesh. Studies have con-
sistently reported a lower recurrence rate after the 

Sugarbaker repair than the keyhole [10, 19], mak-
ing the Sugarbaker more preferred when possible.

 Retromuscular Sugarbaker Repair 
(Pauli Parastomal Hernia Repair)

In 2016, Pauli et al. described a novel technique in 
open PH repair utilizing retromuscular dissection, 
posterior component separation via transversus 
abdominis release, and lateralization of the bowel 
utilizing a modified Sugarbaker mesh configura-
tion within the retromuscular space. In this open 
repair, the bowel is lateralized within retromuscu-
lar space after the posterior component separa-
tion. Wide sublay mesh overlap reinforces the 
lateralized bowel, the midline incisional defect, 
and any concomitant incisional hernias at the time 
of repair. On imaging, the repair looks similar to a 
massive ventral hernia repair with mesh; the 
unique finding is the lateralized bowel within the 
retromuscular space reentering the peritoneal cav-
ity further lateral from where the stoma exits 
(Fig. 18.17). [31] Since the initial description of 
this method, others have adapted the concept to 
laparoscopic and robotic platforms as well as 

Fig. 18.16 Axial CT imaging of a successful laparo-
scopic IPUM Sugarbaker repair of an end ileostomy para-
stomal hernia. The lateralized bowel can be seen entering 
a tunnel of mesh (arrowheads) before traversing the rectus 
abdominis muscle and heading towards the mucocutane-
ous junction

Fig. 18.17 Axial CT imaging of a successful retromus-
cular Sugarbaker operation (Pauli Parastomal Hernia 
Repair) of an end ileostomy parastomal hernia. The later-
alized bowel (arrow) can be seen entering a tunnel of 
mesh before traversing the rectus abdominis muscle and 
heading towards the mucocutaneous junction. The mesh is 
not visualized because of its reduced weight and lack of 
radiopaque fixation
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options to address isolated parastomal defects in a 
retromuscular fashion.

 Stapled Transabdominal Ostomy 
Reinforcement with Retromuscular 
Mesh (STORRM)

In 2017, Novitsky et al. described a technique using 
the circular end-to-end stapler during open large 
PH repair to tunnel through mesh and abdominal 
wall layers, standardize sizing, fixate mesh, and 
reinforce the stoma aperture. After a transversus 
abdominis release is performed, the bowel is 
brought through the posterior sheath and delivered 
at the site of the new ostomy location for siting, all 
the layers including the mesh are aligned and fixed 
within the circular stapler, and the stapler is fired, 
securing anterior fascia to the mesh. This technique 
relocates the stoma but may lower the risk of acute 
mesh erosion into the bowel by fixating mesh to the 
anterior fascia and rectus abdominis thereby pre-
venting “scissoring” within the retromuscular 
plane. On imaging, the stoma is in a new location, 
usually contralateral to the previous site, and the 
circular staple ring where the bowel traverses is 
distinctly recognizable (Fig. 18.18). [32]

 Conclusion

Parastomal hernias are complex defects often 
associated with concurrent hernias, obstruction, 
loss of domain, and/or prolapse. They are diffi-
cult to assess by physical exam alone, and, there-
fore, CT imaging is essential for obtaining 
information to evaluate and plan an operative 
repair. When looking at CT imaging, there are 
various findings to consider before deciding on 
the optimal approach. The ones discussed include 
location, hernia contents, obstruction, concurrent 
hernias, and previous repairs. Additionally, imag-
ing is helpful in planning these operations 
because they can identify if the stoma needs relo-
cation, which mesh-based repair is most appro-
priate, or if a local revision will suffice. Imaging 
can further help classify the hernia in radiograph-
ically and clinically meaningful ways. Almost all 
the information regarding a hernia is gathered 
radiographically because very little is easily 
observable on physical exam. Cross-sectional 
imaging should be liberally applied in the diag-
nosis, preoperative assessment, and postoperative 
management of patients with PH.
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 Radiologic Classification

Hiatal hernias are typically broken down into 
four subtypes, 1 through 4 [1]. Type 1 is also 
known as a sliding hiatal hernia. With this type, 
the gastroesophageal junction migrates through 
the diaphragm while the stomach stays in its nor-
mal alignment with the fundus remaining below 
the gastroesophageal junction [2]. Greater than 
95% of hiatal hernias are categorized as Type 1 
and asymptomatic patients do not require repair 
as long-term studies have shown a lack of need 
for emergent repair [3, 4]. Type 2–4 hiatal hernias 
are referred to as paraesophageal hernias because 
unlike Type 1 hernias, the posterolateral phreno-
esophageal ligament is preserved around the gas-
troesophageal junction [5].

Type 2 paraesophageal hernias have the gastro-
esophageal junction in the normal anatomic posi-
tion however a portion of fundus herniates 
adjacent to the esophagus into the thorax. Type 3 
paraesophageal hernias are a combination of Type 
1 and 2 with both the fundus and gastroesopha-
geal junction herniating through the hiatus. Type 

4 is a paraesophageal hernia that contains another 
organ in addition to a hiatal hernia. Among the 
paraesophageal hernia types, Type 3 is the most 
common making up 90% and Type 2 is the least 
common [2] (Figs. 19.1 and 19.2).

There is a more nebulously defined type of 
hiatal hernia, the “giant” paraesophageal hernia. 
Some have advocated for giant hiatal hernias to 
be defined as type 3 or 4 paraesophageal hernias. 
While others suggest that the amount of stomach 
contained in the chest, half the stomach or more, 
be used to define this type of hiatal hernia [8–10]. 
It is the opinion of the authors that a giant hiatal 
hernia is simply a large paraesophageal hernia 
requiring more mediastinal dissection than typi-
cally required for hiatal hernia repair. An addi-
tional type of hiatal hernia to consider is a hiatal 
hernia recurrence. Defining a recurrence begins 
with radiologic proof. However, clinical symp-
toms may not always accompany radiologic find-
ings [11–13]. While there is no strict definition of 
what constitutes a radiologic recurrence some 
define a radiologic recurrence only when the 
recurrence is 2 cm in length [14]. Incidental dis-
covery of a hiatal hernia recurrence and the reop-
eration should be balanced against the symptoms 
of the patient as most recurrences are small and 
asymptomatic [15]. Recurrence should be treated 
similarly to a newly diagnosed hiatal hernia with 
a thorough history and physical, imaging, and 
strict definition of the patient’s symptoms.
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Fig. 19.1 Types of paraesophageal hernias. Modified from [6]
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Fig. 19.2 Radiologic images for hiatal hernia types. Modified from [6, 7]

The final radiologic finding to take note of 
relating to a hiatal hernia is gastric volvulus. 
Gastric volvulus can occur in either the chest or 
the abdomen and is defined based on the axis of 
rotation. The two types of rotation are organoax-
ial and mesenteroaxial, with organoaxial being 
the more common of the two. Organoaxial rota-
tion is when the stomach rotates on its longitudi-
nal axis, from cardia to pylorus, where 
mesenteroaxial volvulus is when the stomach 
rotates around its transverse axis, from lesser to 

greater curve [3]. With complete gastric obstruc-
tion, the patient may present with Borchardt’s 
triad—severe epigastric pain, unproductive retch-
ing, and the inability to pass a nasogastric tube 
[16]. Complete obstruction from gastric volvulus 
is a surgical emergency requiring operative 
exploration to avoid gastric ischemia or necrosis. 
However, patients with large hiatal hernias may 
present with incomplete obstruction from gastric 
volvulus and can be more completely worked up 
prior to operative intervention (Fig. 19.3).
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a b

Fig. 19.3 Gastric volvulus: (a) Organoaxial, (b) Mesenteroaxial. Modified from [6, 17]
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 Diagnostic Workup 
and Preoperative Imaging

The diagnosis of a hiatal hernia can be completed 
through various radiologic tests. Once the diag-
nosis of a hiatal hernia has been completed no 
further testing is required for operative repair if 
the patient is symptomatic. Broadly speaking all 
patients should undergo esophagogastrodoude-
noscopy (EGD) followed by pH testing if Los 
Angeles (LA) grade C or D esophagitis is not 
seen. Next, an upper gastrointestinal series (UGI) 
is performed to evaluate the size, motility, and 
emptying of the hernia. If there is any concern for 
dysmotility high-resolution manometry should 
also be used.

One of the first tests that can be utilized is a 
plain chest radiograph. Characteristic findings of 
a hiatal hernia include retrocardiac air-fluid lev-
els, visceral gas in the mediastinum, loops of 
bowel running vertically towards the chest, and 
an upward displacement of the transverse colon if 
it is involved in the hernia [18]. While plain chest 
radiographs may suggest the presence of a hiatal 
hernia other studies are better able to characterize 

the size, contents, and functional difficulties 
these hernias represent (Fig. 19.4).

The next type of study that can be utilized is a 
contrasted study such as an upper gastrointestinal 
series (UGI). This test is useful for gauging the 
size of the hiatal hernia and localizing the gastro-
esophageal junction. It can also suggest dys-
motility of the esophagus that would benefit from 
high-resolution manometry (HRM). An UGI can 
also increase suspicion for a short esophagus 
which may require esophageal lengthening pro-
cedures such as a Collis gastroplasty [20]. Finally, 
these dynamic studies give information on the 
transit of contrast into and out of the herniated 
stomach and can be particularly useful when try-
ing to determine if a patient has complete gastric 
outlet obstruction. When performing an UGI 
barium should be used due to the risk of aspira-
tion that can occur with larger partially obstructed 
hernias. If ionic water-soluble contrast, such as 
gastrografin, is used and aspirated it can lead to 
chemical pneumonitis in the lungs [21].

UGI can also be used to calculate the cross- 
sectional area of the herniated intrathoracic stom-
ach as well as the hiatal surface area [22, 23]. 

Fig. 19.4 Plain chest radiograph with hiatal hernia. Open access from [19]
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However, the utility of this additional informa-
tion appears to be limited at this time. One study 
by Swanstrom et al. examined 100 patients with 
chronic gastroesophageal reflux disease (GERD) 
who were planned for laparoscopic fundoplica-
tion. Prior to operative intervention, the patients 
underwent barium study to measure the presence 
of a hiatal hernia and they concluded that barium 
swallow had no correlation with hiatal surface 
area or hiatal hernia size for all patients [24]. 
Another study by Aye et al. looked at diaphrag-
matic tension radiologically and then intraopera-
tively to determine shapes of diaphragmatic 
hernias and their associated tension. Again, there 
was a limited correlation between the width of 
the hiatal opening and associated tension [25]. 
These limitations of UGI series may be due to 
their two-dimensional perspective but is more 
likely due to the complexity of the diaphragmatic 
hiatus and its mobility which makes quantifica-
tion and characterization difficult.

Computed Tomography (CT) can be useful in 
the acute setting to determine complications 
related to a hiatal hernia but also in quantifying 
the size and complexity of a hiatal hernia. Unlike 
plain chest radiographs and UGI, a CT scan can 
clearly visualize the thoracic cavity and the hiatal 
hernia contents. Multi-slice CT scans with coro-
nal, sagittal, and 3D reformatted images have 
been shown to increase the sensitivity of CT 
scans for diagnosis of hiatal hernias [26]. The 
larger the hernia the more useful a CT scan will 
be in the preoperative setting but in smaller and 
less complex hernias an UGI may be sufficient. 
Generally, with Type 3 or 4 paraesophageal her-
nias, or redo foregut surgery, a CT scan should be 
performed prior to operative intervention.

Other types of imaging studies have been per-
formed for diagnosis of a hiatal hernia such as 
nuclear medicine studies [27], transesophageal 
echocardiogram [28], and endoscopic ultrasound; 
however, in the practical setting these modalities 
do not have a routine place in the diagnosis or 
management of hiatal hernias. In most hiatal her-
nias upper endoscopy and a contrast study will be 
sufficient testing prior to operative intervention.

 Intraoperative Testing

Some centers utilize High-Resolution Manometry 
(HRM) prior to hiatal hernia repair. This is to 
characterize the contractility function of the 
esophagus as well as visualize a hiatal hernia. 
However, due to the configuration of the stomach 
it is sometimes impossible to cannulate the GEJ 
and some have begun to evaluate intraoperative 
tools for use during hiatal hernia repair [29]. 
Impedance planimetry, or Endoluminal func-
tional lumen imaging probe (EndoFLIP), is a 
relatively new technology which can be used 
intraoperatively to evaluate the distensibility of 
the esophagus. This information may be used to 
characterize the esophagus both before and after 
repair with hopes of improving outcomes by indi-
vidualizing operative repair based on intraopera-
tive testing.

The specifics of the function of EndoFLIP 
may be found elsewhere, but briefly this modality 
introduces a balloon catheter into the esophagus, 
either 8 cm or 16 cm, then inflates to a fill volume 
of 30 or 40  mL, and measure pressure in a 
360-degree fashion along the catheter. In the 
operating room, the catheter used is 8 cm as the 
area being measured is just the GEJ. Measurements 
are recommended to be taken after crural dissec-
tion and hernia reduction, after crural closure, 
and after fundoplication/magnetic sphincter aug-
mentation. This provides multiple time points to 
evaluate the changes to the esophagus and disten-
sibility at each step of operative repair. Target 
distensibility index (DI) is the value targeted by 
surgeons when evaluating their repair. This value 
represents the change in esophageal compliance. 
The DI can be measured both with or without 
pneumoperitoneum in the abdomen. Without 
pneumoperitoneum present, the DI should be 
between 2.0 and 3.5 mm2/mmHg and with pneu-
moperitoneum should be >0.5 mm2/mmHg [30, 
31]. Other values that can be utilized by the sur-
geon include maximum diameter (Dmin) and 
cross-sectional area (CSA). One study demon-
strated a decrease of Dmin  ≤  0.15  mm or a 
decrease in CSA ≤ 1.5 mm2 resulted in persistent 
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Fig. 19.5 Example of intraoperative EndoFLIP values. Modified from [30]

heartburn symptoms [32]. How all these values 
correlate with both short- and long-term out-
comes is still an area of active research but it is 
possible that EndoFLIP may become a routinely 
used adjunct in the operating room for surgeons 
repairing hiatal hernias (Fig. 19.5).

 Postoperative Imaging 
and Perioperative Findings

Imaging after hiatal hernia repair varies by pro-
vider. Some believe in routine postoperative 
imaging as a means of documenting the repair of 
the hiatal hernia and ruling out immediate com-
plications. Others will selectively utilize imaging 
in patients with a difficult intraoperative dissec-
tion or a patient undergoing revisional surgery. 
While still others feel that symptoms should 
guide immediate postoperative imaging. The 
SAGES Guidelines for the management of hiatal 
hernia state that “routine postoperative contrast 
studies are not necessary in asymptomatic 
patients,” citing a strong level of evidence [3]. If 
patients are symptomatic then UGI and CT scans 
are useful in ruling out key postoperative compli-
cations. These postoperative complications 
include immediate postoperative recurrence, 
severe dysphagia, pneumothorax, and esopha-
geal/gastric leak.

Immediate postoperative recurrence can lead 
to transdiaphragmatic herniation of a fundoplica-

tion leading to ischemia and subsequent 
 perforation. Elderly patients and those with ath-
erosclerotic disease are at the highest risk of isch-
emia and perforation if wrap herniation occurs 
[33]. The incidence of wrap migration is 7–20% 
in the literature [34, 35]. Chest x-ray, UGI, and 
CT scan can be used to evaluate patients with 
findings of retrocardiac gas-filled structure with 
defined edges in continuity with the stomach 
being seen [36]. Patient with more chronic reher-
niation of the fundoplication leads to postopera-
tive failure including chronic postoperative reflux 
with or without dysphagia (Fig. 19.6).

In patients with immediate postoperative dys-
phagia, an UGI is helpful to determine the sever-
ity of any postoperative stenosis. Some 
postoperative dysphagia can be secondary to 
operative intervention and swelling but can also 
be secondary to an overly tight fundoplication or 
crural repair. Intolerance to saliva or liquids is 
concerning for dysphagia that will require inter-
vention. Findings consistent with dysphagia that 
may not resolve with conservative management 
include contrast stasis with no transit into the 
stomach and esophageal dilation. Some surgeons 
are utilizing EndoFLIP intraoperatively as a 
means of avoiding postoperative dysphagia [37].

With the size of some hernias, an extensive 
mediastinal dissection is sometimes required. As 
a result, patients may develop pneumothorax, 
mediastinal air, and even mediastinal abscesses. 
Patients with pneumothorax will present with 

19 Radiology of the Hiatal Hernia



232

Fig. 19.6 Plain chest X-ray, UGI, and CT scans consis-
tent with herniated nissen fundoplication. Creative 
Commons [36]

hypoxia and possibly findings of tension physiol-
ogy. These patients are treated with either a pig-
tail catheter or chest tube if clinically necessary. 

Smaller asymptomatic pneumothoraces do not 
require intervention if incidentally discovered on 
imaging for other reasons. In the setting of medi-
astinal air, consideration must be given to a pos-
sible leak even though pneumomediastinum may 
be normal in the immediate postoperative period. 
The same can be said of mediastinal fluid but this 
is more concerning for a mediastinal abscess or 
leak. UGI or CT scan with oral contrast can be 
used to further evaluate the mediastinum. 
Findings of air-fluid levels in the chest or a large 
contained fluid collection is concerning for a 
mediastinal abscess [33] (Fig. 19.7).

One of the most dreaded postoperative com-
plications is an esophageal leak which can pres-
ent on a spectrum. Presentations vary from 
tachycardia without any additional findings to a 
more pronounced presentation with high fevers, 
hypotension, and sepsis. UGI or CT scans with 
oral contrast are effective first-line tests to evalu-
ate for a leak. Differentiation should be made 
between a pseudoleak, contained leak, and free 
perforation. A pseudoleak is not a true leak and 
will not present with sepsis or hemodynamic 
instability. It is seen on CT scan as a smooth vari-
able defect in the region of the gastric fundus 
with a variable degree of edema at the GEJ.  A 
contained or small leak will show up as linear 
tracks of contrast extending from the wrap. The 
most common position is in the posterior inferior 
border. Larger or free leaks will show up as large 
collections of contrast with adjacent inflamma-
tory changes [33]. If there is any question of the 
location or severity of the leak and the patient is 
stable they can be taken for fluoroscopy to evalu-
ate the leak in real time [38]. Typically, patients 
should undergo emergent surgical repair with any 
suspicion of a leak [39] (Fig. 19.8).
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Fig. 19.7 CT scans with findings consistent with a 
mediastinal abscess (a and b) periesophageal fluid collec-
tion in the mediastinum (c) contrast leakage into the 

mediastinum (d) contrast leakage into the mediastinum. 
With permission from [33]

ba

Fig. 19.8 Leak after nissen with Type 3 giant hiatal her-
nia repair, (a) shows a large irregular extraluminal collec-
tion, (b) contrast in the right paracolic gutter, (c) is an 

example of extraluminal fluid with air contrast levels, and 
(d) shows a drain in position. With permission from [33]
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 Conclusion

Patients with a hiatal hernia require some form of 
imaging preoperatively to evaluate both the size 
and severity of the hernia. Additional testing to 
evaluate the hernia may be necessary and intra-
operative testing is becoming better character-
ized. Postoperatively patients without symptoms 
should not undergo imaging unless this is the 
practice of the provider or they become 
symptomatic.
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20Lumbar Hernias

David J. Lourié

 Introduction

Primary lumbar hernias, excluding those of inci-
sional, traumatic, or infectious etiology, are dorsal 
rather than ventral hernias and occur between 
gaps in overlapping muscle groups of the low 
back. These herniate through two small anatomic 
areas both located between the lowest rib and the 
iliac crest and may contain fat, and retroperitoneal 
or peritoneal organs and tissues. They are divided 
into superior lumbar hernias and inferior lumbar 
hernias. Radiographically these can be distin-
guished by their specific surrounding muscle 
groups, and by their proximity and relationship to 
bony landmarks. Cross-sectional imaging, partic-
ularly Computed Tomography (CT) of the abdo-
men/pelvis (not lumbar spine), is the imaging 
modality of choice and is generally diagnostic 
[1–4]. Non-contrast scans are generally sufficient, 
though contrast scans may be requested to more 
accurately delineate associated renal, vascular, or 
intestinal content or evaluate other patient pathol-
ogy. Ultrasound when CT scanning is not avail-
able can be utilized as an aid in the diagnosis, but 

is operator dependent, is less accurate in delineat-
ing surrounding landmark structures, has resulted 
in the misdiagnosis of lumbar herniated fat as 
subcutaneous lipomas, and is not recommended 
as the imaging modality of choice. Clinically 
these hernias present as external lumbar masses 
and can occasionally be painful [5–7]. Less than 
10% present with obstruction [7–10]. On physical 
examination, a visible and palpable bulge is usu-
ally present off midline in the mid to lower back 
inferior to the 12th rib or superior to the iliac 
crest. These usually become more prominent with 
Valsalva or spinal flexion. As mentioned, lumbar 
hernias are at times mistaken for lipomas and 
occasionally initially mistreated as such [11, 12].

 Normal Anatomy of the Lumbar 
Triangles

To recognize the pathology of lumbar hernias one 
must first understand the normal anatomy, and 
the boundaries of the two potential lumbar trian-
gle gaps (Fig. 20.1, Video 20.1).
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a b

Fig. 20.1 Inferior and superior lumbar triangles. Circled 
in blue, the inferior lumbar triangle (Petit’s triangle) is 
bordered by the iliac crest inferiorly, the external oblique 
muscle (purple) laterally, and the latissimus dorsi muscle 
(yellow) medially. Circled in red, the superior lumbar tri-
angle (Grynfeltt-Lesshaft) lies deep to the latissimus dorsi 
in (a), which forms a roof or covering over it. The latissi-

mus has been partially removed in (b) to show the deeper 
Grynfeltt-Lesshaft triangle, bordered superiorly by the 
12th rib (light blue) and serratus posterior inferior muscle 
(magenta), medially by both the deeper quadratus lumbo-
rum (brick red) and the overlapping erector spinae com-
plex (green), and laterally by the internal oblique muscle 
(shiny blue)

 Superior Lumbar Hernias (Grynfeltt- 
Lesshaft Hernias)

Superior lumbar hernias, first described by 
Grynfeltt in 1866 [13] and soon thereafter in 
1870 by Lesshaft [14], occur in the superior 
lumbar triangle bordered by the 12th rib and 
serratus posterior inferior muscle superiorly, 
the quadratus lumborum muscle and erector 
spinae muscle complex medially, and the inter-
nal oblique muscle laterally. The latissimus 
dorsi forms the roof of this superior triangle 
and the aponeurosis of the transversus abdomi-
nis forms its floor [15, 16].

Pathognomonic radiographic findings of a pri-
mary Grynfeltt-Lesshaft hernia are the relation-
ship and proximity to the 12th rib and the 
appearance of the overlying latissimus dorsi form-
ing a convex roof over the herniated contents. The 
author refers to this as the latissimus balloon sign 
(Figs.  20.2 and 20.3). Often these hernias are 
located posterior and lateral to the mid to inferior 
pole of the kidney which can be seen within the 
same axial cut (occasionally the kidney or the 
associated lateral conal, Gerota’s or Zuckerkandl’s 
fascias will be herniated into the defect) [17–19]. 
Video 20.2 details the CT interpretation of both 
superior and inferior lumbar hernias.
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a b

Fig. 20.2 Left-sided Grynfeltt-Lesshaft hernia. (a) Axial 
Computed Tomography (CT) abdomen cuts (background 
slice more cranial). (b) Same images, colored. Note the 
pathologic convexity of the left latissimus dorsi muscle 
(yellow) as it arches over the herniated contents (latissi-
mus balloon sign) compared to the normal right latissimus 

contour. Also note the proximity of the kidney (light 
orange) to the hernia. Psoas muscles (dark blue), quadra-
tus lumborum muscles (red), erector spinae muscle com-
plex (green), and only in the cranial cut: the tip of 12th rib 
(light blue)

a b

Fig. 20.3 Left-sided Grynfeltt-Lesshaft hernia. (a) 
Coronal CT abdomen cut, same patient as (Fig. 20.2) (b) 
Same image, colored. Note the hernia defect occurs infe-
rior to the tip of the 12th rib (light blue). Note the patho-
logic convexity of the left latissimus dorsi muscle (yellow) 

as it arches over the herniated contents (latissimus balloon 
sign) compared to the normal right latissimus contour. 
Quadratus lumborum muscles (red), erector spinae mus-
cle complex (green)
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 Inferior Lumbar Hernias (Petit’s 
Hernias)

Inferior lumbar hernias, described by Jean Louis 
Petit (published posthumously in 1774, more than 
90  years prior to the description of the superior 
lumbar triangle) [20], occur in the inferior lumbar 
triangle bordered by the iliac crest inferiorly, the 
latissimus dorsi medially, and the external oblique 
muscle laterally [15, 21] (Fig. 20.1). As this is a 
superficial defect, deep subcutaneous tissue forms 
the roof of the Petit’s hernia. Its floor is formed by 
the internal oblique muscle layer as this merges 
into the thoracolumbar fascia. Petit’s triangle rep-

resents the typical location of congenital lumbar 
hernias in infants (often associated with lumbo-
costovertebral syndrome and other developmental 
anomalies) [22–24]. In adults, inferior lumbar her-
nias are quite rare as primary acquired defects 
[25]. The interpreting physician should be aware 
that the overwhelming majority of hernias over-
lapping this same anatomic region will in fact be 
traumatic or incisional hernias [26, 27]. To distin-
guish a Petit’s hernia look for contact with the iliac 
crest, herniation through a gap between the exter-
nal oblique and latissimus dorsi muscle groups, 
and absence of an overlying latissimus dorsi 
(Figs. 20.4 and 20.5, Video 20.2).

a b

Fig. 20.4 Right-sided Petit’s hernia. (a) Axial CT abdo-
men cuts (background slice more cranial). (b) Same 
images, colored. Note that the herniation occurs in the 
inferior gap between the superficial external oblique (pur-
ple) and latissimus (yellow) muscles, and contacts the 

iliac crest inferiorly. Psoas muscles (dark blue), quadratus 
lumborum muscles (red), erector spinae muscle complex 
(green). Original CT series courtesy of Dr. Nicolás 
Quezada
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a b

Fig. 20.5 Right-sided Petit’s hernia. (a) Coronal CT 
abdomen/pelvis cut, same patient as (Fig. 20.4) (b) Same 
image, colored. Note that the herniation (red arrow) 

occurs in the gap medial to the external oblique muscle 
(purple), and contacts the iliac crest inferiorly. Original 
CT series courtesy of Dr. Nicolás Quezada

 Importance of the Quadratus 
Lumborum as a Lumbar Landmark

The author proposes that radiographic inter-
preters and surgeons use the quadratus lumbo-
rum muscle as the key orienting and 
differentiating landmark to both lumbar her-
nias. As illustrated in Fig. 20.6 and Video 20.2, 

the lateral border of the quadratus lumborum 
muscle is in relative anterior- posterior align-
ment with that of the erector spinae at the level 
of a superior lumbar (Grynfeltt-Lesshaft) her-
nia. At the level of an inferior (Petit’s) hernia, 
the lateral border of the quadratus lumborum 
muscle, in contrast, is far lateral to that of the 
erector spinae complex.

20 Lumbar Hernias
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a

b

Fig. 20.6 Quadratus lumborum as orienting lumbar land-
mark. Axial CT abdomen cuts, with and without color 
highlights. Note, in (a) Grynfeltt-Lesshaft hernia, the lat-
eral border of the quadratus lumborum muscle (red) lines 
up with that of the erector spinae complex (green) in the 

anterior/posterior plane (arrows). In (b) Petit’s hernia, by 
contrast, the lateral border of the quadratus lumborum is 
much more lateral than that of the erector spinae complex 
(arrows). Petit’s hernia image courtesy of Dr. Nicolás 
Quezada

 Details of Importance to Surgeons

Beyond the specific location of the lumbar hernia, 
features that should be noted on cross- sectional 
imaging include the dimensional measurements of 
both the defect and the contents/sac/pseudosac, 
the organ(s) or tissue(s) forming the herniated con-
tents, and other associated or adjacent abdominal 
wall hernias and pathology. In evaluating thera-
peutic candidacy and planning an operative repair, 
the surgeon will want to assess proximity and 
extent of any adjacent bone margin involvement, 
any associated muscular atony (more typical of 

incisional hernias), evidence of prior mesh if a 
recurrence, the anticipated area available for 
appropriate therapeutic mesh overlap, and the 
degree of surrounding adiposity.

Additional details which may or may not be 
apparent to the radiographic interpreter that are 
important to the surgeon include a history of spe-
cific prior surgery and patient medical comorbidi-
ties (including notably obesity, smoking, diabetes, 
coagulation, and cardiopulmonary status). Imaging 
studies may offer clues to some of the above, even 
when paramount patient history and exam findings 
are not available to the radiographic interpreter.
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 Epidemiology

Twenty percent of lumbar hernias are congenital 
and seen at birth or soon after, while 80% of lum-
bar hernias are acquired [7, 28–30]. Acquired her-
nias can be primary or secondary (incisional, 
traumatic, infectious) in etiology. Though inci-
sional flank and lumbar hernias are not uncom-
mon, true primary lumbar hernias are less so, 
making up fewer than 1% of all abdominal wall 
hernias [7, 27]. Primary superior lumbar 
(Grynfeltt-Lesshaft) hernias are much more com-
mon than primary inferior lumbar (Petit’s) hernias 
in adults. Superior lumbar hernias are more often 
left sided, and seen more often in males [6, 7, 25, 

28–30]. Traumatic hernias in the lumbar area more 
commonly affect the area crossing Petit’s triangle, 
with those being caused by blunt force trauma, 
deceleration injury, and/or seat belt injury often 
associated with avulsion of the obliques off the 
iliac crest or disruption of a portion of the iliac 
crest itself [27, 31–33]. Bone graft harvest from 
the iliac crest is a well- documented precedent to 
incisional hernias near the inferior lumbar triangle 
[34, 35] (Fig.  20.7). Other operative procedures 
including renal surgery, spinal and vascular access, 
and latissimus dorsi harvesting for reconstructive 
flaps not uncommonly result in incisional hernias 
crossing the superior, inferior, or both (diffuse) 
lumbar areas [7, 36–39].

Fig. 20.7 Incisional left-sided hernia after iliac bone 
graft harvest. Axial CT abdomen/pelvis cuts (background 
slices more cranial). This incisional hernia crosses the 
area of Petit’s triangle. Note encircled (yellow): the bone 
fragment attached to the internal oblique muscle, the 

marked deformity of the left iliac wing, and the subcuta-
neous stranding deep to Scarpa’s fascia. These findings 
generally exclude the diagnosis of a primary or true Petit’s 
hernia. Original CT series courtesy of Dr. Peter Santoro

20 Lumbar Hernias



244

 Radiographic Findings Suggesting 
a Traumatic/Incisional/Infectious 
Etiology

The focus of this chapter is acquired primary 
lumbar hernias (see Chap. 18 on Flank Hernias 
for traumatic and incisional hernias impact-
ing this region). Imaging clues as to traumatic, 
incisional, or infectious etiology are suggested 
by bone deformity or bone shrapnel, surround-
ing soft tissues fluid, stranding or density con-
sistent with hemorrhage, hematoma, or abscess 
or detached adjacent oblique muscles [40] 
(Fig.  20.7). Other suspicious features include 
hernias which may cross the normal anatomic 
boundaries of the lumbar triangles, or the pres-
ence of adjacent muscular atrophy or eventration 
from sequelae of prior neuropathy. Surgically 
absent ipsilateral kidney, spinal deformity, hard-
ware, or other suggestions of postoperative state 
in the adjacent area, may raise suspicion of a 
non- primary etiology. Hernias in this region 
which pass between ribs are intercostal, not pri-
mary lumbar, hernias.

 Treatment

The treatment of lumbar hernias is surgical. 
Though tissue repairs (both primary and mus-
cle flap) have been described in earlier decades, 
mesh repairs resulting in lower recurrence rates 
are now the standard of care. Mesh placement 
positions ranging from onlay to sublay to dual 
sandwich techniques (with mesh positioned in 
both planes at the same operation) have been 
reported. Open techniques with larger inci-
sions, minimally invasive techniques (laparo-
scopic and robotic) using various preperitoneal 
approaches, and hybrid techniques combin-
ing open and minimally invasive approaches 
have also all been reported [15, 22, 26, 28–30, 
41–45]. When possible, content reduction, pri-
mary defect closure especially when greater 
than 2.5 cm and wide overlap with mesh in the 
extraperitoneal space is generally the preferred 
repair [4, 25]. Thus, careful preoperative plan-
ning using the anatomy and pathology appar-

ent in a well-performed and well-interpreted 
cross-sectional imaging study is crucial.

 Summary

In this chapter, the quadratus lumborum muscle 
(an under-appreciated guide to the lumbar area) 
was presented as a key radiographic orienting 
and differentiating landmark to both lumbar her-
nias. With the insight provided in the above dis-
cussion and accompanying videos, the 
radiographic interpreter should be able to differ-
entiate a primary superior lumbar hernia from an 
inferior lumbar hernia, even on a single axial CT 
cut through the hernia. In the case of a 
 Grynfeltt- Lesshaft superior lumbar hernia, addi-
tional clues such as the latissimus balloon sign, 
and the proximity of the 12th rib and kidney to 
the hernia were highlighted. In a Petit’s inferior 
lumbar hernia, confirmation of contact with the 
iliac crest, herniation between the external 
oblique and latissimus dorsi muscles, and the 
absence of the latissimus dorsi roof overlying the 
hernia were reviewed. The key imaging findings 
of importance to surgical planning and treatment 
were emphasized and should be clearly delin-
eated in any radiographic interpretation and 
report concerning lumbar hernias.
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21Spigelian Hernia

Allie E. Steinberger and Sara E. Holden

 Introduction

Spigelian hernias are exceedingly rare with an 
incidence ranging from 0.12–2.4% of all abdomi-
nal wall hernias [1]. They result from a defect in 
the Spigelian fascia which is composed of the 
transversus abdominis and internal oblique apo-
neuroses. Anatomically, the aponeurosis lies lat-
eral to the rectus muscle and medial to the linea 
semilunaris, where the external oblique becomes 
the anterior rectus sheath. It extends longitudi-
nally from the ninth rib to the pubic tubercle. A 
congenital or acquired weakening in this fascia 
permits deeper intra-abdominal contents such as 
preperitoneal fat, peritoneum, or intra-abdominal 
organs to protrude through the transversus 
abdominis aponeurosis and in most cases, the 
internal oblique aponeurosis as well. However, 
Spigelian hernias do not penetrate or disrupt the 
overlying external oblique aponeurosis, which 
often makes them diagnostically challenging to 
ascertain on physical exam. While these hernias 

can occur anywhere along the Spigelian aponeu-
rosis, 90% arise inferior to the arcuate line in the 
“Spigelian hernia belt.” The belt is approximately 
6  cm in length and located between horizontal 
lines drawn just distal to the umbilicus crani-
ally—where the linea semilunaris bisects the 
arcuate line—and at the anterior superior iliac 
spines (i.e., horizontal interspinous plane) cau-
dally. The increased incidence of herniation in 
this region has been attributed to multiple factors 
including the absence of posterior sheath below 
the arcuate line, the parallel interdigitation of the 
contributing fascial layers at this level, and the 
Spigelian fascia being penetrated and weakened 
by the inferior epigastric vessels [2–5]. A sche-
matic of the relevant abdominal wall anatomy for 
Spigelian hernias is shown in Fig. 21.1.

The risk factors for Spigelian hernias are simi-
lar to those associated with the development of 
other types of abdominal wall hernias. Perhaps 
the most recognized is abdominal wall strain sec-
ondary to sustained increases in intra-abdominal 
pressure. Causes include, but are not limited to, 
marked obesity, multiparity, chronic cough, 
heavy lifting, and ascites. Additionally, there are 
a number of predisposing conditions that inher-
ently attenuate the aponeurotic strength layer of 
the abdominal wall, such as connective tissue dis-
orders, smoking, poor nutritional status, signifi-
cant weight loss, and exogenous steroid use. 
Defects in the Spigelian fascia can also occur in 
the setting of trauma or previous abdominal sur-
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Fig. 21.1 Schematic illustration showing the pertinent abdominal wall anatomy

gery (e.g., drain placement, laparoscopic port 
sites, peritoneal dialysis catheters, and previous 
stomas). While the literature reports that nearly 
50% of patients with Spigelian hernias have had 
previous abdominal surgery, there remains some 
debate as to whether these should be classified as 
true primary Spigelian hernias or secondary lat-
eral incisional hernias. Certainly, this is an impor-
tant distinction given the proven differences in 
patient complexity and postoperative morbidity 
between the groups [6, 7].

The interparietal nature and vague symptom-
atology of Spigelian hernias make them particu-
larly difficult to identify on history and physical 
exam alone. When these hernias are suspected but 
clinically occult, various imaging studies have 
proven to be valuable diagnostic adjuncts. 
Ultrasonography (US) allows for an inexpensive, 
noninvasive, and dynamic assessment of the soft 
tissues of the abdominal wall. Though it is the pre-

ferred first-line imaging modality for Spigelian 
hernias, its accuracy is somewhat limited by oper-
ator dependency and body habitus. Computed 
tomography (CT) has the highest sensitivity and 
positive predictive value among radiologic investi-
gations. It also gives clinicians the opportunity to 
visualize important anatomy and diagnose any 
concomitant intra-abdominal pathology. The 
major disadvantage of CT is the exposure to ion-
izing radiation. Magnetic resonance imaging 
(MRI) is a more costly option without much-added 
benefit. While historically herniography has been 
utilized in the setting of Spigelian hernias, it has 
largely fallen out of favor given the risk of visceral 
organ injury and potential allergic reaction to the 
injected contrast medium. Lastly, when a defini-
tive diagnosis remains elusive, some surgeons will 
opt to proceed straight to laparoscopy which per-
mits real- time identification of any hernia defects 
along with immediate surgical repair.
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 Patient Selection

Spigelian hernias generally occur in the fourth to 
seventh decades of life, though there are rare 
reports of congenital Spigelian hernias in the 
pediatric population. The male-to-female ratio is 
negligible at 1:1.18, and the majority are unilat-
eral with a slight predominance on the right side 
[8–10]. There are a few notable comorbidities 
that confer an increased risk of developing a 
Spigelian hernia including chronic obstructive 
pulmonary disorder, collagen disorders such as 
Ehlers-Danlos, ascites, and morbid obesity.

While there is a diverse range of symptom pat-
terns, the most common presentation among 
patients is intermittent lower abdominal pain with 
or without a reducible, palpable mass along their 
side. This pain is typically postural, worse when 
standing, and reproducible during provocative 
maneuvers such as Valsalva. As previously 
described, the physical exam does not reliably 
reveal a discrete bulge as the external oblique apo-
neurosis is often intact thus obscuring the underly-
ing fascial defect. Identification can also be greatly 
confounded by obesity. Figure 21.2 shows an exam-
ple of a left-sided Spigelian hernia. In the absence 
of a definable abnormality on clinical grounds, pre-
operative imaging should be performed to confirm 
the suspected diagnosis of Spigelian hernia.

While the majority of patients describe a 
vague, indolent course, the rate of incarceration 
and strangulation in Spigelian hernias is quite 
high at 17–24% [11, 12]. As such, clinicians 
should maintain a high index of suspicion when 
confronted with a chief complaint of lateral 
abdominal wall pain and bulge. Definitive opera-
tive management is recommended for all 
Spigelian hernias upon diagnosis.

 Ultrasound Scanning

The ultrasound examination of a Spigelian her-
nia should be performed with the patient in an 
upright, standing position. The study is primar-
ily done using linear transducers with frequen-
cies of 7–12 MHz. However, for obese patients, 
3.5–5 MHz convex transducers may prove use-
ful [12].

Diagnosis of a Spigelian hernia with ultra-
sonography requires a discrete understanding 
of the abdominal wall anatomy. The differen-
tial echogenicities of the various layers help the 
operator orient themselves and define the appro-
priate planes. At the most superficial position, 
skin is echogenic below which is a stratum of 
hypoechoic subcutaneous fat of variable thick-
ness. Deep to the fat, the muscle layers can be 
identified with the paired rectus abdominis at 
midline and the external oblique (EO), internal 
oblique (IO), and transversus abdominis (TA) 
muscles anterolaterally. The muscles connote a 
medium-level echogenicity and have a discern-
ible lamellar pattern to their fibers. Finally, there 
is a second layer of preperitoneal fat before peri-
toneum is encountered.

The abdominal wall musculature is held 
together by a fortified network of fascia. The apo-
neuroses of the anterolateral EO, IO, and TA 
travel medially to encase the rectus muscles as 
the rectus sheath. The rectus sheath consists of 
two layers, anterior and posterior, until the level 
of the arcuate line, below which the posterior 
leaflet disappears. The arcuate line is located 
approximately half of the distance from the 

Fig. 21.2 Clinical image of a patient with a left-sided 
Spigelian hernia
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umbilicus to the pubic crest. The anterior and 
posterior rectus sheaths fuse at the midline to 
form the linea alba which separates the two rec-
tus muscles. Lateral to the rectus muscles and 
medial to the obliques, the rectus sheath forms 
the vertical semilunar lines bilaterally.

A systematic approach to the sonographic 
examination of the abdominal wall should be 
 performed at each evaluation, starting first with 
the aponeurotic borders. The linea alba should 
be carefully assessed from xiphoid to pubic 
symphysis including the umbilicus, followed by 
an interrogation of the semilunar lines bilater-
ally from costal margins to pubis. Next, atten-
tion should be turned to both inguinal regions to 
rule out direct and indirect inguinal as well as 
femoral hernias. It is also recommended to 
assess all previous surgical scars for the pres-
ence of incisional hernias. Any defects that are 
discovered should be characterized in terms of 
greatest dimension, contents of the hernia sac, 
and reducibility under transducer compression. 
Lastly, due to the inherent mobility of non-
incarcerated hernias, the examination should be 
repeated during cough test and Valsalva maneu-
vers [12].

Spigelian hernias are confirmed sonographi-
cally by the presence of a well-defined orifice or 

defect along the semilunar lines or Spigelian fascia. 
Defects will appear as interruptions in the echo line 
of the aponeurosis. The majority are small, measur-
ing less than two centimeters in diameter. Since the 
external oblique aponeurosis is often intact, ultra-
sound will demonstrate a dynamic spreading of 
hernia contents below the external oblique muscle 
or within the rectus sheath. This makes identifica-
tion of the three anterolateral muscle layers crucial 
for diagnosis. Findings of echogenic mesentery 
and omentum or shadowing from air-filled bowel 
in the anterior abdominal wall also lend themselves 
to the diagnosis. Dynamic maneuvers such as the 
Valsalva will often show widening of the hernia 
orifice and greater protrusion of sac contents with 
narrowing and intra-abdominal recession upon 
relaxation. Figure 21.3 demonstrates a schematic 
of the pertinent abdominal wall anatomy in regards 
to a Spigelian hernia with the corresponding sono-
anatomy side by side.

 Clinical Pearls

Spigelian hernias have a highly variable clini-
cal picture and therefore lack a characteristic set 
of signs and symptoms. A patient’s presentation 
could range from asymptomatic to vague lower 

Fig. 21.3 Schematic illustration of a Spigelian hernia and anterior abdominal wall layers in the axial plane with the 
corresponding sono-anatomy side by side
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abdominal pain to overt obstruction depending 
on the hernia contents. The sac itself is typically 
composed of extraperitoneal fat and peritoneum 
with or without abdominal viscera. Reports of 
various organs found within Spigelian hernias 
include omentum, small bowel, colon, stom-
ach, bladder, appendix, ovaries, and testes. 
Infrequently, a Richter-type Spigelian hernia may 
be seen where the antimesenteric border of the 
intestine protrudes through the defect. The diag-
nostic uncertainty of Spigelian hernias is further 
exacerbated by subtle or even absent findings 
on physical exam. Spigelian hernias are con-
sidered interparietal or interstitial, meaning the 
defect and its contents spread along the planes 
between the oblique musculature making a bulge 
difficult to detect. Only half of the patients will 
actually have a lump along the lateral abdominal 
wall on inspection or palpation thus requiring a 
strong clinical suspicion to diagnose accurately. 
The differential diagnosis of a Spigelian hernia 
is broad. Consideration should be given both to 
abdominal wall lesions (benign and malignant 
neoplasms, rectus sheath hematoma, spontaneous 
rectus muscle rupture, seromas, granulomas, 
other abdominal wall, or high groin hernias) as 
well as intra-abdominal pathologies (appen-
dicitis, diverticulitis, Meckel’s diverticulum, 
gallbladder disease, intermittent bowel obstruc-
tion, ovarian cysts, abscesses, tumor implants). 
Certainly, in older patients with intermittent pain 
or swelling in the ventrolateral abdominal wall in 
the setting of increased intra-abdominal pressure 
or previous surgery, the concern for Spigelian 
hernia should be high.

If a Spigelian hernia is suspected but not con-
firmed on physical exam, additional radiographic 
investigations are warranted given the high inci-
dence of incarceration. Owing to its relative 
accuracy, inexpensive cost, low risk, and lack of 
radiation exposure, ultrasonography should be 
performed first line in the majority of cases. For 
those in whom ultrasound is equivocal, CT scan 
should be obtained next. It is recommended that 
the CT be done with oral contrast as it provides 
better visualization of the bowel contour. 
Figures 21.4 and 21.5 demonstrate CT findings 
of right and left-sided Spigelian hernias, respec-

tively. Lastly, if both US and CT are negative, 
MRI can be a valuable imaging modality for 
visualizing any soft tissue abnormalities in the 
ventral abdominal wall.

It is critical to understand the sonographic 
signs of strangulation. Findings indicative of 
compromised visceral contents include a thick-
ened hernia sac and bowel wall, diminished or 
absent blood flow, and lack of normal peristaltic 
movement. Failure to recognize incarcerated and 
strangulated bowel can cause delay of definitive 
surgical intervention leading to increased mor-
bidity and mortality. While the operative approach 
(minimally invasive vs. open, primary vs. mesh) 
should be determined on a case-by-case basis, 
long-term outcomes are excellent with low rates 

Fig. 21.4 CT scan of a right Spigelian hernia causing a 
partial small bowel obstruction. The hernia was reduced at 
the bedside and the patient underwent a semi-elective 
minimally invasive hernia repair with mesh

Fig. 21.5 CT scan of a small, fat-containing left 
Spigelian hernia in an elderly patient with an extensive 
surgical history. This was repaired in an open onlay 
fashion with mesh
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of recurrence and complications across repairs. 
Video 21.1 demonstrates a robotic preperitoneal 
repair of a right-sided Spigelian hernia with 
mesh.

 Literature Review

While Spigelian hernias comprise only 0.12–
2.4% of all abdominal wall hernias, they confer a 
17–24% risk of incarceration, strangulation, and 
obstruction. As such, identification is the indica-
tion for operative intervention. The literature is 
punctuated with the numerous diagnostic chal-
lenges associated with this type of hernia in par-
ticular. Only half are diagnosed preoperatively 
[13, 14]. Furthermore, in one series, nearly 50% 
of patients who underwent hernia repair on the 
basis of clinical examination alone had no defect 
present. As such it is strongly recommended that 
clinicians utilize imaging adjuncts to optimize 
their diagnostic yield prior to surgery.

A few reports have attempted to characterize 
the true sensitivity and specificity of the common 
imaging modalities used in association with 
Spigelian hernias. In these reports, neither US 
nor CT had 100% sensitivity. Namely, there were 
a number of false negative scans in patients who 
ultimately went on to have clear evidence of a 
Spigelian hernia at the index operation. It should 
be noted though, that most of these false nega-
tives were from the earliest time points in the ret-
rospective review periods when imaging was less 
accurate and Spigelian hernias were less of a con-
sideration. As far as correlation with operative 
findings, CT has the highest sensitivity and posi-
tive predictive value (PPV) at 100%. Ultrasound 
has a sensitivity of 90% and a PPV of 100%; the 
slight inferiority is attributable to user depen-
dence and body habitus [15]. These were both 
markedly better than the clinical exam alone, 
which had a sensitivity of 100% (only if a palpa-
ble bulge was present) and a PPV of 36%.

Upon review of the literature, there are nota-
ble accounts of extensive, noninvasive radiologic 
workups failing to provide a conclusive diagnosis 
of Spigelian hernia. In light of this, several case 

reports and series have gone on to describe the 
beneficial use of laparoscopy in this setting [16]. 
This minimally invasive surgical technique per-
mits a thorough, real-time assessment of the 
entire intra-abdominal cavity allowing for local-
ization of hernia defects, identification of con-
temporaneous pathologies (including occult 
bilaterality), and definitive repair [17]. These 
findings are further reinforced by the only pro-
spective trial to directly compare open versus 
laparoscopic repair of Spigelian hernias [18]. 
This study concluded that laparoscopy led to sta-
tistically significant reductions in both morbidity 
and hospital stay with no difference in recurrence 
rate at a mean follow-up of 3.4 years. Moreover, 
a minimally invasive approach could be safely 
performed on an outpatient basis, similar to other 
types of laparoscopic ventral hernia repairs. With 
diagnosis being the primary indication for repair, 
the literature supports the use of laparoscopy as a 
feasible and effective way to both diagnose and 
treat Spigelian hernias [19, 20].

 Conclusion

Spigelian hernias comprise a rare subtype of ven-
tral hernia. They are the consequence of congeni-
tal or acquired defects in the fascial layer bound 
by the rectus muscle and the linea semilunaris. 
These hernias present a diagnostic challenge as 
an intact external oblique aponeurosis often pre-
cludes frank protrusion at the most superficial 
layers of the abdominal wall. As with other her-
nias, predisposing conditions include those of 
increased intra-abdominal pressure and decreased 
connective tissue tensile strength. While their 
onset is often insidious and symptomatology 
highly variable, Spigelian hernias confer a high 
risk of incarceration and strangulation. As such, 
imaging is often necessary for diagnostic confir-
mation, starting first with US and progressing to 
CT or MRI if findings are equivocal. Sonographic 
evidence of disruption along the semilunar lines 
or dynamic spreading of sac contents below the 
external oblique or within the rectus sheath is 
highly suggestive of a Spigelian hernia. 
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Identification is the primary indication for surgi-
cal intervention. Fortunately, both open and 
 minimally invasive repairs of Spigelian hernias 
yield low rates of recurrence and peri-operative 
complications.
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22Umbilical and Epigastric Hernia

Jesse Bandle and Alisa M. Coker

 Introduction

Umbilical and epigastric hernia are common dis-
orders evaluated and treated by general surgeons. 
The prevalence of umbilical hernia has been 
noted to be as high as 23% in patients screened 
using ultrasound (US) [1]. Though studies have 
demonstrated that epigastric hernias are less 
common, accounting for only 1–5% of abdomi-
nal wall hernias, they were noted in up to 10% of 
subjects in an autopsy study, demonstrating a 
combination of underdiagnosis and the frequently 
asymptomatic nature of the defect [2, 3]. This 
group of hernias contributes a significant cost 
burden to our health system. In the United States, 
more than 350,000 ventral midline hernias are 
repaired every year, at least 75% of which are 

classified as primary umbilical or epigastric her-
nias at a cost of over $2.4 billion [4–6].

Umbilical hernias occur due to an inadequate 
closure of the orifice that transmits the umbilical 
cord in-utero. According to the European Hernia 
Society classification system, umbilical hernias 
are located within 3 cm inferior or superior to the 
umbilicus (Fig. 22.1) [6]. The inferior portion of 
the umbilicus is typically more protected from 
herniation due to the fibrotic remnants of the 
vitelline duct, umbilical vein, and paired umbili-
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cal arteries. The superior portion of the umbilicus 
however has a thinner aponeurosis which makes 
it more vulnerable to the stress of increased intra- 
abdominal pressure over time.

The risk factors for umbilical hernia are well 
described and include obesity, pregnancy, ascites, 
and other conditions that increase intrabdominal 
pressure. Umbilical hernias were traditionally 
thought to occur far more frequently in women 
than men (3:1) owing to the greater risk incurred 
from pregnancy however more recent studies 
demonstrate that men are actually more likely to 
have an umbilical hernia repair [7, 8].

Epigastric hernias are located in the anterior 
midline starting 3  cm inferior to the xiphoid 
process and extending to 3  cm superior to the 
umbilicus (Fig. 22.1) [6]. These hernias are typ-
ically in the linea alba, linea semilunaris, or are 
associated with one of the linea transversus of 
the rectus sheath [9, 10]. Reported risk factors 
for epigastric hernias are extensive physical 
training or coughing (from unrelated lung 
pathology), obesity, steroid use, and smoking. 
Up to 20% of epigastric hernias are found to 
have multiple defects [10]. A recent large 
Danish population- based study demonstrated 
that epigastric hernias were repaired equally 
among men and women [11].

Several studies have attempted to elucidate the 
origin of epigastric hernias—which were origi-
nally believed to be congenital but likely have a 
more complex etiology. Focusing on cadaveric 
specimens, investigations have highlighted the 
importance of fascial patterns of decussation and 
the three-dimensional structured meshwork of col-
lagen fibers in the linea alba and rectus sheath as 
an underlying issue [12]. Ultimately, conclusions 
about the pathologic origins of epigastric hernias 
remains unclear but seem to correspond to under-
lying fascial weakness in the face of  sustained 
increased intra-abdominal pressure over time.

Umbilical hernias most commonly present with 
a reducible bulge near the umbilicus with varying 
degrees of tenderness to palpation. Epigastric her-
nias may also present with a bulge but commonly 
the presenting symptom is pain at the site of the 
hernia. The pain is frequently out of proportion to 
the relative size of the hernia, which may represent 
the early increased risk of incarceration of preperi-

toneal fat through a very small defect [10]. Both 
hernias can also result in acute incarceration of 
omentum, which can present with increased pain 
and overlying skin erythema. Bowel obstruction 
and perforation may result if incarceration and/or 
strangulation of digestive tract viscera occurs. It 
may be difficult to estimate the size of the defect 
with physical exam alone due to obesity, incarcer-
ated contents, or tenderness of the hernia with pal-
pation. Imaging of these hernias may be useful in 
both diagnostic capacity and in guiding surgeon 
choice of repair. Repair of umbilical and epigastric 
hernias can be achieved using an open, laparo-
scopic, or robotic approach depending on patient 
factors and surgeon experience.

 Selection Criteria

Previous generations of physicians had only a his-
tory and physical exam to rely upon when diag-
nosing a hernia. With the increase in availability 
and prevalence of imaging, both computed tomog-
raphy (CT) and ultrasound have become very 
common diagnostic tools for hernia detection and 
characterization. The benefit of imaging may seem 
clearer in more complex hernias such as recurrent 
or incisional hernias—these are topics addressed 
in chapters within this book. One could argue that 
the primary umbilical or epigastric hernia does not 
require any imaging. This may be true for some 
patients and we would urge the reader to use imag-
ing selectively, rather than reflexively, when it will 
add value. There are many situations however 
where the value of imaging is present—even for 
this “simple” class of hernias.

It should also be noted there are many patients 
that may present to you from a referring provider 
with imaging already obtained. If you are a sur-
geon, we would encourage you to communicate 
with your referring providers about your algo-
rithms and desire for imaging in order to avoid 
unnecessary imaging and cost to the patient. 
Even if you would not have required or obtained 
imaging yourself, the images can still be benefi-
cial in your operative planning or simply in dis-
cussing the diagnosis with the patient.

There are situations where imaging may be 
required for diagnosis or beneficial in operative 
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planning. The first group of patients is that in which 
the diagnosis is not clear. If the clinician suspects a 
hernia, but is unable to definitely appreciate this on 
exam, imaging is useful in confirming this. This 
would include patients that do not tolerate an exam 
given tenderness produced on palpation, and those 
that are patients with obesity and you are simply 
unable to appreciate a hernia given the excessive 
subcutaneous fat. This diagnostic imaging can also 
be useful in ruling out other mimicking pathologies 
such as seromas, hematomas, abscesses, and des-
moid tumors. While these pathologies would be 
discovered intraoperatively you can save the patient 
a potentially  unnecessary procedure with the cor-
rect diagnosis preoperatively.

The second group which may benefit from 
imaging are those patients we would classify as 
complex. They may be complex because of the 
characteristics of the hernia itself or patient char-
acteristics. This includes recurrent hernias, very 
large hernias, or those with multiple hernias sus-
pected or appreciated on exam. The latter is also 
included in the third group of patients: those who 
benefit from imaging for preoperative planning. 
An example would be a patient with a larger 
defect, diastasis, and suspected additional hernias. 
Imaging allows the surgeon to plan procedure type 
based on the ability to close the defect and poten-
tially address diastasis and additional defects. 
While some of these decisions can be made intra-
operatively, the knowledge ahead of time is useful 
for informed consent and scheduling.

 Choosing a Modality

There are several considerations when choosing a 
specific imaging modality. If the purpose is sim-
ply to confirm the existence of a hernia you can-
not appreciate otherwise, and you do not feel 
more information would change your operative 
approach, an ultrasound will often suffice. If your 
main intent is to further define anatomy and 
determine the best approach to repair, a com-
puted tomography will provide much more 
detailed information. While imaging can provide 
a wealth of information, the associated risks and 
benefits should be considered. Unfortunately, we 
cannot ignore the financial impact on both our 

healthcare system and our patients. While the 
specific financial impact will vary greatly, often 
influenced by payer contracts, ultrasound is gen-
erally a much cheaper modality than CT [13].

Patient factors may also contribute to your 
choice of imaging. CT is generally performed 
with intravenous iodinated contrast to enhance 
image contrast by increasing the attenuation of 
the x-ray beam. Given concerns of nephrotoxic-
ity associated with this administration, the risks 
should be carefully considered when dealing 
with patients with preexisting renal insufficiency 
[14]. Radiation exposure should be considered as 
well. The actual dose is dependent on many 
patient and protocol factors. For a comparative 
understanding, a CT of the abdomen pelvis 
exposes the patient to about 8.7  mSv, whereas 
chest radiography is about 0.1 mSv [15]. While a 
single scan may certainly outweigh the small 
increased risk of cancer, the clinician should con-
sider alternative methods in a young patient or 
one with an extensive imaging history as the dose 
is cumulative.

This chapter concentrates on ultrasound and 
computed tomography, as these are generally the 
modalities of choice for surgeons. It should be 
noted however that other modalities can be use-
ful. Plain radiographs, particularly when com-
bined with enteric contrast, can confirm the 
presence of a hernia with incarcerated bowel and 
provide information regarding the state of that 
bowel. They can also demonstrate a resulting 
bowel obstruction but they provide little informa-
tion about the actual hernia defect causing the 
obstruction [16]. Magnetic resonance imaging 
(MRI) has significant drawbacks that include 
high cost and long scan times (30–60 min) [13, 
14]. It does provide superior soft tissue contrast 
but this is generally not required for the purpose 
of identifying and defining the extent of a hernia. 
Additionally, most surgeons are trained on inter-
pretation of computed tomography but not 
MRI.  Thus, US and CT remain the preferred 
modalities.

If you are responsible for placing the order for 
the imaging, keep in mind the overall benefit of 
the study will also depend on appropriate com-
munication between the ordering provider, the 
radiologist, and technologist performing the test. 
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Details provided by the ordering provider give 
the radiologist a clinical context that will be use-
ful in focusing attention on relevant anatomy. 
They will also help explain what you are looking 
for, particularly important when ordering 
dynamic studies.

 Modality: Ultrasound

The vast majority of umbilical hernias can be 
diagnosed by physical exam and history. There 
are however several situations in which US may 
provide additional, useful, information in diagno-
sis and operative planning. This is especially true 
for obese patients for whom the physical exam 
may be challenging as well as for pediatric 
patients where ultrasound provides improved 
diagnostic accuracy without the need for the ion-
izing radiation of a CT scan. A study by Bloemen 
et  al. demonstrated that the addition of US to 
physical exam findings increased the detection of 
ventral hernia by more than 20% [17]. When 
physical exam is inconclusive, and there is a con-

cern for differential pathology, ultrasonographic 
appearance may help narrow your differential 
(Table 22.1). Finally, the use of US in the clinic 
may help to improve patient understanding of 
their pathologic process, as they can actively par-
ticipate in diagnostic elements of the exam and 
see their own study in real time.

The advantages of US for umbilical and epi-
gastric hernias include:

 1. Accessible exam: can even be performed dur-
ing a clinic visit or at bedside.

 2. No ionizing radiation.
 3. The ability to scan the patient in multiple 

positions.
 4. Incorporation of real-time dynamic maneu-

vers to observe the motion of hernia contents 
and recognize occult defects.

 5. Ruling out mimicking pathology when the 
clinic exam is inconclusive.

While diagnosing the presence, or absence, of 
a hernia is the primary goal of the US examina-
tion, additional useful information can be obtained 

Table 22.1 Differential diagnosis of abdominal soft tissue mass

Diagnosis Ultrasonographic findings
Lipoma Circumscribed hypo or hyperechoic soft tissue swelling commonly ovoid or spindle 

shape with interlacing echogenic fibrous bands giving a feathery appearance (Fig. 22.2)
Endometrioma Typically following abdominal gynecologic surgery; sonographically has different 

shapes varying from simple cystic, complex cystic, and even solid mass-like lesions
Hematoma A recent hematoma has a heterogenous echogenic pattern with possible layering fluid 

or fluid-fluid levels. Older hematomas tend to be partially absorbed or liquefied giving a 
cystic appearance

Abscess Complex fluid collection with debris and low- to medium-level internal echoes. 
Irregular walls, marginal vascularity, and the surrounding inflammatory changes may 
help to differentiate abscess from hematoma

Metastasis Melanoma, bronchogenic carcinoma, or lymphoma are most common. Appears as an 
ill-defined hypoechoic mass with increased internal vascularity

Neurogenic Tumors Either schwannoma or neurofibroma—appear as well- circumscribed fusiform or ovoid 
swellings with tapering ends to the parent nerve

Urachal cyst Fluid-filled, septated mass with thickened walls and faintly echogenic fluid running 
from the bladder superiorly to the umbilicus in the midline

Vascular malformations Intercommunicating cystic spaces are found and may show by color Doppler either a 
pure venous flow (low-flow type) or evidence of arteriovenous shunting (high-flow)

Desmoid tumor Appears as a poorly circumscribed, hypoechoic soft tissue lesion that infiltrates the 
abdominal wall muscles and may present internal vascularity. Lesions typically do not 
cross the midline

There are several masses which may be confused with a hernia on exam. Ultrasound findings as described above may 
be useful in discriminating these hernia-mimicking pathologies [18–22]
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Table 22.2 Tips for viewing ultrasound images

1. Top is always the skin side
2.  Fluid does not reflect sound waves, making it 

anechogenic (black)
3.  Calcified structures (such as foreign bodies) may 

cause acoustic shadowing
4.  Comparison with normal anatomy is useful and 

can help improve the identification of pathology 
(e.g., Normal bowel vs thickened, dilated bowel 
incarcerated in a hernia)

Fig. 22.2 Sonographic appearance of a subcutaneous 
lipoma

during the study. Identifying the composition and 
reducibility of herniated contents is helpful for 
surgical planning. Additionally, US images can 
clearly identify the size of the hernia defect in 
multiple dimensions gaining useful information 
for selecting a surgical approach as well as guid-
ing the selection of mesh needed for the repair.

Gaining experience and comfort utilizing US 
in the clinical settings can open opportunities to 
expand its use in operative and perioperative set-
tings. Estimating the thickness of the abdominal 
soft tissue in obese patients can assist in planning 
incision location as well as confirm the expected 
depth of Veress needle insertion for insufflation 
of the abdomen. Becoming facile with US can 
also provide the opportunity to perform adjunc-
tive periprocedural anesthesia such as image- 
guided regional nerve blocks.

 Ultrasound Anatomy of the Anterior 
Abdominal Wall

Reading an US of the abdominal wall requires a 
rudimentary understanding of the principles of 
acoustic physics. At the most basic level, an ultra-
sound transducer sends a sound wave through a 
substance and then receives the “echoes” back. 
The echoes contain spatial and contrast informa-
tion due to changes in amplitude and the fre-
quency shift in the returning sound waves from 
the interface of each tissue plane [23]. 

Radiologists will report on the echogenicity of 
the various structures in the scan; frequently 
referring to hyper- or hypoechoic structures 
which correspond to the viewer as whiter or 
darker images, respectively.

There are some basic guidelines that are useful 
in reading an US (Table 22.2). Chapter 7 of this 
book is dedicated to normal anatomy seen in US 
and is worth reviewing. In brief, US imaging of 
the normal anterior midline abdominal wall will 
demonstrate three tissue layers. The skin and sub-
cutaneous fat appear as a thin hyperechogenic 
structure with variably thick underlying ovoid 
hypoechoic nodules separated by echogenic septa 
and perforating vessels. The rectus muscles have 
a medium echogenicity (grey) and are surrounded 
by the more echogenic fascia. The anterior and 
posterior fascial lines will join at the midline and 
form a thicker plane at the linea alba. The preperi-
toneal fat layer is typically thin and has similar 
echogenicity to the subcutaneous fat [24].

Abdominal wall hernias appear as a break in 
the otherwise smooth contour of the hyperechoic 
fascia and are highlighted by the mixed echo-
genicity of the hernia contents. Omental or pre-
peritoneal fat may be slightly more hyperechoic 
and intestinal loops may have gas which will have 
a “dirty” acoustic shadow on US (Fig.  22.3). In 
healthy small bowel you expect to see symmetric, 
clear, and relatively thin wall layers surrounding a 
central lumen and peristaltic motion may be wit-
nessed. US findings consistent with incarceration 
include free fluid in the hernia sac, bowel wall 
thickening within the hernia, fluid within the her-
niated loop of bowel, and dilated loops of bowel in 
the abdomen. Studies have demonstrated that if 
two or more of these findings are noted, US pro-
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Fig. 22.3 Ultrasound of bowel containing umbilical her-
nia demonstrating “dirty” acoustic shadowing resulting 
from gas within loops of bowel

Fig. 22.4 Ultrasound of umbilical defect. Arrows indi-
cate the edges of the fascial defect

Fig. 22.5 Sagittal view of a fat-containing supraumbili-
cal hernia. Dotted line demonstrates the craniocaudal 
measurement of the defect

vided 100% sensitivity and 100% specificity for 
the detection of incarceration [25]. The use of 
color doppler blood flow in the evaluation of the 
herniated bowel and absence of peristalsis has not 
demonstrated adequate sensitivity or specificity to 
inform clinical decision-making.

 Technique for Clinic Use 
of Ultrasound

For most patients, a high-frequency (7-MHz or 
greater, 50 mm long) linear transducer is used. In 
obese patients however a lower frequency curved 
array transducer may be helpful [26, 27]. The 
general steps for midline abdominal ultrasound 
use are listed below:

 1. Identify landmarks (rectus abdominus), 
attempting to display the medial margin of 
both muscles/fascia in the same image (Fig. 
22.4).

 2. Work cephalad to caudad along the linea alba 
with the probe in the transverse orientation in 
a slow and deliberate manner. The DASH 
(Dynamic Abdominal Sonography for Hernia) 
technique of sequential craniocaudal passes 
of the probe in vertical “columns” can be used 
as a systematic approach for US evaluation of 

the entire anterior abdominal as described by 
Beck et al. [28]. A sagittal view can help to 
estimate the superior/inferior dimension of 
the defect (Fig. 22.5; Video 22.1).

 3. Repeat with the patient in a provocative pos-
ture or with Valsalva if needed (Fig. 22.6).

 4. Measure the neck and assess reducibility by 
applying pressure manually or with the probe 
to a relaxed abdomen.

Begin scanning in the supine position and tran-
sition the patient to the position (standing, strain-
ing, etc.) that is associated with symptoms if the 
hernia is difficult to detect or you would like to 
better evaluate what hernia contents are present 
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Fig. 22.6 Supraumbilical hernia with omental fat pro-
truding through defect with Valsalva maneuver

during that activity. Care should be taken not to 
apply too much pressure with the transducer ini-
tially, as reduction of any hernia contents may 
make it more difficult to appreciate small hernias. 
Starting your scan distant from the obvious hernia 
may help to identify additional asymptomatic 
lesions, especially for smaller epigastric hernias 
that may have multiple midline defects [10]. 
Identification of these lesions can influence surgi-
cal approach or identify the need for a preopera-
tive CT scan to further clarify the anatomy.

There are limitations to the use of US in 
umbilical and epigastric hernia diagnosis. 
Learning how to properly use your institution’s 
particular machine, or multiple machines, can 
require an investment of time. If you are relying 
on the selected images from your US tech or the 
radiologist, you may not get all the information 
you would like from the exam and the images. 
Training in an US course can be helpful to over-
come the initial learning curve and gain confi-
dence in the equipment and technique. Close 
communication with your radiologist/US tech or 
your presence during the exam can help ensure 
you get the desired information from the exam.

 Modality: Computed Tomography

When more detailed anatomic description of a her-
nia is desired, CT is the modality of choice for cost 
and efficiency considerations. Benefits include 
gathering detailed anatomic description of both 

the hernia and the patient’s anatomy at baseline 
that can be useful in planning an operative repair. 
As with US, the clinician may also choose to 
obtain a CT because they were unable to appreci-
ate the defect on exam but have high clinical sus-
picion. This is very common in the obese patient 
population where excess subcutaneous fat makes 
palpating a defect more difficult (Fig. 22.7).

We cannot stress the importance of looking at 
your own imaging enough. Additionally, we rec-
ommend reviewing the images with your patients. 
This can be a wonderful adjunct to informed con-
sent as patients can gain a better understanding of 
their pathology and the planned repair. Our pre-
ferred approach to evaluation is to start with the 
axial views. Most hernias will easily be seen in 
this view and you can see where on the abdomen 
the hernia lies relative to other landmarks. From 
this view, we measure the width of the fascial 
defect. This has implications in operative plan-
ning as the size may influence whether to use 
mesh, help plan for appropriate size of mesh 
needed for adequate overlap, and determine 
whether a fascial closure will be possible without 
additional tissue manipulation such as a rectus 
sheath release.

Many of these umbilical hernias will be the 
simple “bread and butter” hernias that many cli-
nicians see. These are a single defect right at the 
umbilicus and may have a narrow (Fig. 22.8) or a 
wide base (Fig. 22.9). The smaller hernias tend to 
present with pain as preperitoneal or omental fat 
herniates through the defect. The larger hernias 
may present with pain as well, but commonly the 
chief complaint is the more notable bulge. The 
imaging of many umbilical hernias however will 
reveal the defect is actually several defects that 
are directly adjacent to each other (Fig. 22.10).

Note that some radiologists, when reporting 
the hernia size report the size of the hernia con-
tents. We recommend against this practice and 
instead stress the importance of measuring the 
actual fascial defect as this is what is relevant to 
operative planning. Figure  22.11 depicts an 
umbilical hernia with a small to moderate defect 
but a large amount of herniated omentum. This 
was described in the report as a 9.9 cm by 8 cm 
hernia, which is misleading as the actual hernia 
defect is only 3.5 cm wide by 3 cm long.
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a b

Fig. 22.7 (a) Axial and (b) sagittal views of an epigastric hernia (arrow) in a patient with obesity (BMI 50 kg/m2). 
Hernia consists of multiple defects spanning 4 cm wide by 15 cm long. Subcutaneous fat (line) is 6 cm deep

a b

Fig. 22.8 (a) Axial and (b) sagittal view of a narrow-based umbilical hernia

a b

Fig. 22.9 (a) Axial and (b) sagittal view of a wide-based umbilical hernia
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a b

Fig. 22.10 (a) Axial view of a fat-containing umbilical hernia. (b) Sagittal view reveals two hernias are present directly 
adjacent to each other

a b

Fig. 22.11 (a) Axial and (b) sagittal views of a fat-containing umbilical hernia. The fascial defect (solid line) is only 
3 cm long while the herniated omentum (dashed line) is 8 cm in diameter

The axial view will also provide a nice view of 
the rectus abdominus muscles. The width and 
position of these provide potentially useful 
 information (Fig.  22.12). For example, if the 
width is diminutive, certain approaches—such as 
an extended view totally extraperitoneal (eTEP) 
repair—can be difficult given the limited space. 
For larger defects, the rectus width in relation to 
defect size can also help the surgeon recognize, 
preoperatively, that a separation of components 
may be necessary to achieve fascial closure. In 
normal anatomy, these muscles run parallel with 
minimal separation. In some patients, usually 
associated with prior pregnancy or obesity, these 
separate over time and result in a diastasis 
(Fig. 22.13). This is worth noting as within this 
weakened area the clinician may find additional, 

occult defects (Video 22.2). The debate over 
whether diastasis should be plicated at the time of 
hernia repair is beyond the scope of this chapter, 
but the reader should be aware that some do 
advocate this in hopes of decreasing recurrence 
rates and improving cosmetic outcome [29].

After reviewing the axial images, we routinely 
review the sagittal images. This view will allow 
easy measurement of the length of the fascial 
defect. Probably more important however this 
view allows for easy identification of occult 
defects that may have been difficult to appreciate 
in the axial view. Given umbilical and epigastric 
hernias occur frequently together, it is worth 
looking carefully for these (Fig.  22.14) [2]. 
Missing one of these hernias can lead to unneces-
sary reoperations for the patient.
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Fig. 22.12 Axial view of a small, fat-containing umbili-
cal hernia. The width of the rectus abdominus muscle 
(right side highlighted with a line) can be useful in preop-
erative planning Fig. 22.13 Axial view of an epigastric hernia containing 

fat. There is a diastasis recti present (line) measuring 6 cm 
in width

a

c d

b

Fig. 22.14 CT images of a patient with both a tiny fat- 
containing umbilical and epigastric hernia. (a) Axial and 
(b) sagittal view demonstrating a small fat-containing 
umbilical hernia. (c) Axial view of the epigastric hernia as 

seen by only a tiny fascial defect (arrow). (d) Sagittal view 
of the same epigastric hernia. Herniated fat is seen pro-
truding through the fascial defect (arrow)
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Failure to carefully evaluate for a defect can 
lead to significant distress to the patient as well. 
Particularly when you add in complexity factors 
such as obesity and diastasis, a small defect may 
be overlooked. Figure 22.15 highlights the case 
of a patient that suffered from abdominal pain for 
over 3 years as her initial CT scan was interpreted 
as no hernia when in fact there was an umbilical 
hernia present within a massive diastasis. This 
highlights the importance of both having a high 
clinical suspicion for these small umbilical and 
epigastric hernias and for carefully reviewing 

images yourself and not relying only on a dic-
tated interpretation if you are the ordering 
clinician.

A patient may present with a concurrent her-
nia in other locations as well. Figure 22.16 dem-
onstrates a patient that presented with an 
umbilical hernia and CT demonstrated both the 
umbilical hernia and a fat-containing right ingui-
nal hernia. Knowing about these ahead of time 
allows the surgeon to offer a concurrent repair 
and the approach may be influenced by knowing 
both hernias need to be addressed.

a

c d

b

Fig. 22.15 Patient with significant diastasis who initially 
presented with supraumbilical pain. A CT was obtained at 
that time and the final interpretation was “no hernia pres-
ent.” On axial image (a) a small fascial defect is seen 
within the large diastasis with a faint outline demonstrat-

ing herniated fat. This defect (arrow) is seen in a supraum-
bilical position in the sagittal view (b) 3 years later, the 
patient had repeat imaging for the ongoing pain, the axial 
(c) and sagittal (d) views demonstrate a slightly larger 
defect, still with herniated fat present
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a

c

b

Fig. 22.16 CT images of a patient that presented com-
plaining of an umbilical hernia but was found to have both 
an umbilical and an inguinal hernia. (a) Axial and (b) sag-

ittal view of a fat-containing umbilical hernia measuring 
2 cm wide by 1.5 cm long. (c) Axial view demonstrating 
right-sided fat-containing inguinal hernia

We have seen several examples of both fat 
and bowel-containing umbilical and epigastric 
hernias. When the hernia contains bowel, the 
clinician must often rely upon signs and symp-
toms the patient is exhibiting to determine 
urgency of repair. A patient in distress, with a 
hernia which cannot be reduced, should not 
have intervention delayed. Some of these images 
however may have just captured a transient 
moment of bowel herniation. The condition of 
the bowel on imaging can also point to the 
urgency. Figure 22.17 depicts an infra-umbilical 
hernia with a herniated loop of the small bowel. 
There is no evidence of obstruction as contrast 
is present throughout and there are no dilated 
loops of bowel. This patient was seen in the 
clinic weeks after this image, in no distress, and 

with a reduced hernia. In contrast, Fig.  22.18 
depicts an umbilical hernia containing multiple 
loops of bowel. This patient came in emergently 
with an irreducible hernia and the CT demon-
strates a small bowel obstruction resulting from 
the incarcerated hernia.

Like any modality, computed tomography has 
its limitations. As previously mentioned, it car-
ries risks of radiation exposure, is more expen-
sive than ultrasound, and it cannot be performed 
at bedside. Notably different from US, it is also a 
static image and the supine positioning may 
result in spontaneous reduction of hernia con-
tents. While this may make the hernia less obvi-
ous, it stresses the importance of looking carefully 
at the fascia for any defects and not relying on 
herniated fat or bowel to reveal the hernia.
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 Conclusion

We would argue that for most umbilical and epi-
gastric hernias, imaging is not a necessity but is a 
luxury. There are patients where imaging is a nice 
adjunct and may assist with diagnosis when there 
is high clinical suspicion or patients whose oper-
ative plan may be influenced by imaging. It is 
critical that the clinician know when and what to 
order to obtain the desired information, and for 
radiologists to understand what critical informa-
tion is to be obtained from these images. Careful 
review of imaging and understanding of anatomy 
will only enhance the patient’s experience and 
operative outcome.
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Thoracoabdominal Hernia

Michael Genz, John Childress III, 
and Vedra A. Augenstein

 Introduction

Thoracoabdominal hernias are rare and therefore 
not well represented in the literature. 
Thoracoabdominal hernias can be congenital or 
acquired, the latter usually the result of blunt 
trauma or forceful coughing; however, thoracic 
and retroperitoneal surgery also account for iat-
rogenic causes [1–4]. The hernia literature con-
sists of relatively few case reports of 
thoracoabdominal hernias. In one literature 
review, 14 total cases were published in the liter-
ature spanning a period of 30 years, from 1977 to 
2017 [5]. A separate study from 2014 reported on 
19 thoracoabdominal hernias [2]. More recently, 
a two-institution series was published consisting 
of 16 patients, all with spontaneous, cough- 

induced thoracoabdominal hernias. This particu-
lar series focused on the physiology and optimal 
surgical repair of these rare hernias [4].

The exact definition of a thoracoabdominal 
hernia is vague. For the purpose of this chapter, 
thoracoabdominal hernia is defined as a hernia 
that involves a defect in the region of the “thora-
coabdominal zone,” which is the area bounded 
superiorly by the fourth intercostal space; anteri-
orly by the sixth intercostal space; laterally by the 
eighth intercostal space; and inferiorly by the 
costal margin [6]. A commonality of all thora-
coabdominal hernias is an intercostal defect 
(Fig. 23.1).

In addition to the intercostal defect, disruption 
of the diaphragm may also be present, often with 
herniation of abdominal visceral contents into the 
chest and subsequently through the intercostal 
defect. If a diaphragmatic hernia defect is present, 
the term “transdiaphragmatic intercostal hernia” 
(TDIH) has been proposed (Fig.  23.2) (Videos 
23.1, 23.2, 23.3, and 23.4). In the absence of a dia-
phragmatic hernia, the term “abdominal intercos-
tal hernia” has been suggested as an apt descriptor 
[7]. Involved visceral organs described in the lit-
erature include liver, small and large bowel, omen-
tum, and gallbladder [8] (Videos 23.5 and 23.6). 
The term thoracic intercostal hernia is reserved for 
a hernia that involves a protruding thoracic organ, 
most commonly the lung, through an intercostal 
defect in the  thoracoabdominal zone in the pres-
ence of an intact diaphragm [9].
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Fig. 23.1 Thoracoab-
dominal zone

Fig. 23.2 TDIH
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 Pathophysiology

Acquired thoracoabdominal hernias are more 
commonly caused by trauma or previous surgery 
although can rarely be caused by forceful cough-
ing. Ribs are often fractured in acquired thora-
coabdominal hernias, allowing for a separation of 
the intercostal space that results in a hernia. One 
proposed mechanism for cough-induced rib frac-
tures is that the intrathoracic and intra-abdominal 
force applied to the chest wall during a forceful 
cough exceeds the elasticity of the bone. A sec-
ond proposed theory is that the opposing forces 
of the intercostal muscles, abdominal wall mus-
cles, and diaphragm muscle result in sufficient 
force to fracture an adjacent rib [5]. The intratho-
racic pressure generated during a forceful cough 
has been described as a “modified Valsalva 
maneuver,” with pressures of 140–300  mm Hg 
and expiratory velocities reaching 28,000  cm/s 
[10]. For the sake of comparison, chest compres-
sions during cardiopulmonary resuscitation gen-
erate intrathoracic pressures of approximately 
75 mm Hg [11].

Comorbidities thought to contribute to sponta-
neous thoracoabdominal hernias include chronic 
lung diseases such as chronic obstructive pulmo-
nary disease and cystic fibrosis, respiratory infec-
tions and smoking, and corticosteroid use [4].

When a diaphragmatic defect is present, 
abdominal viscera can migrate into the chest and 
subsequently through an intercostal defect (if 
present) above the diaphragm. This migration 
occurs due to a pressure gradient generated by 
the mechanics of breathing. During inspiration, 
the diaphragm and intercostal muscles contract, 
resulting in negative intrapleural pressure. This 
negative pressure results in a gradient that facili-
tates the migration of the intra-abdominal vis-
ceral contents into the chest. Upon expiration, the 
intrapleural pressure reverts to positive pressure, 
in effect “pushing” the abdominal visceral con-
tents through the intercostal defect [12]. Of note, 
the chest wall is weaker between the costochon-
dral junction and sternum anteriorly, and the cos-
tal angle posterior to the spine, due to the lack of 
external intercostal muscle mass and intercostal 
muscle mass, respectively [13]. These inherent 

weaknesses in the chest wall could contribute to 
the development of abdominal intercostal 
hernias.

 Presentation

Most patients will present with a palpable mass 
on exam. It is often possible to appreciate the her-
nia defect along the rib edges and due to rib sepa-
ration. Patients often complain of pain as the 
hernia defect enlarges and the gap between the 
involved intercostal space increases. There are 
reports of complicated small bowel obstructions 
secondary to thoracoabdominal hernias, occa-
sionally associated with bowel strangulation 
[14]. In a TDIH, the mass should be prominent on 
inspiration and less so on expiration if the hernia 
contents are components of the abdominal vis-
cera. The opposite is true when lung is herniated 
[13].

 Radiological Assessment

Diagnosis of a thoracoabdominal hernia requires 
a high index of suspicion. Chest radiograph may 
reveal a pleural effusion or bowel gas in the base 
of the thorax as well as intercostal space widen-
ing in patients with associated rib fractures. 
Comprehensive computed tomography (CT) of 
the chest and abdomen with axial, coronal, and 
sagittal reconstructions will aid in surgical plan-
ning. Although CT is not optimal for detecting a 
diaphragm injury and can in some cases miss tho-
racoabdominal defects (Fig.  23.3), multidisci-
plinary review including radiology and thoracic 
surgery may be helpful.

Surgical Management:
Given the low incidence of thoracoabdominal 

hernias, there is no standard technique for the 
repair of thoracoabdominal hernias. Open and 
minimally invasive approaches to these repairs 
have been described [15]. In addition, primary 
suture repair with and without mesh reinforce-
ment, and the reapproximation of ribs utilizing 
peri-costal/peri-ostial sutures have been described 
[7, 16]. In 2004, Losanoff et al. repaired an inter-
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Fig. 23.3 Left thoracoabdominal bulge present on exam

costal hernia with steel cables which was found 
to be more durable than peri-costal sutures or 
wires [17]. In our experience, we have noted that 
thoracoabdominal hernias repaired by suture 
alone had unacceptable recurrence rates with 
long-term follow-up [4]. Further examination 
and consultation led to the implementation of rib 
fixation utilizing titanium plates and steel cables.

In the operating room, the patient is positioned 
in the lateral decubitus position using a bean bag. 
A double lumen tube may be used after the induc-
tion of general endotracheal anesthesia. The 
entirety of the chest wall, from the sternum medi-
ally to the spine posteriorly, as well as the ipsilat-
eral hemi-abdomen is prepped in a sterile fashion. 
An incision is made over the area of the hernia 
defect. Access to the chest wall is gained by 
either dividing or retracting the latissimus dorsi 
muscle and splitting or dividing the serratus ante-
rior. Next, the diaphragm is identified and 
assessed for a defect. It is also important at this 
time to identify any possible rib fractures. If a 
diaphragmatic defect is present, it can be repaired 
primarily with permanent sutures and reinforced 
with mesh if possible. It may also be necessary to 
transpose the diaphragm to a rib located more 
cranially. In our practice, mesh is typically placed 
in the preperitoneal plane. As with abdominal 

hernias, enough preperitoneal dissection needs to 
be performed circumferentially around the 
defect, in order to allow for wide mesh overlap in 
all directions. Mesh is fixated in the usual fash-
ion. Titanium rib fixation plates are placed and 
secured with screws on the separated ribs. The 
specific numbers and sizes of plates used vary 
depending on the associated fracture present, as 
well as the number of levels involved. Screws are 
placed in intended spaces, leaving a few empty 
spaces to pass multistrand cables (available in 
stainless steel and titanium) later in the operation. 
Metal crimpers are used to secure the cables in 
place and reconstruct the chest wall injury. We 
have found that simple wire repair of the ribs 
alone is not durable and should be avoided. 
Hernia cavity drains are placed, and chest tubes 
are placed as needed if there was a diaphragm 
repair. Chest wall muscles are then closed in lay-
ers with absorbable sutures.

Repair of the abdominal wall defect is per-
formed in conjunction. Patients subsequently 
undergo routine postoperative care.

 Cases

Case 1
Patient is a 68-year-old male who presented to 
the clinic in July 2018 with left thoracoabdomi-
nal pain and bulge (Fig. 23.3). He first noticed the 
bulge in 2016 after an episode of severe  coughing. 
This was followed by severe left chest wall pain 
and bruising. Shortly thereafter, he noticed a 
bulge in this region which was lifestyle-limiting. 
He had a medical history notable for hyperten-
sion, renal stones, and gastroesophageal reflux 
disease. Cross-sectional imaging was obtained in 
the form of computed tomography and demon-
strated a left intercostal hernia (Figs. 23.4, 23.5, 
and 23.6). He was subsequently taken to surgery 
the following month for a left thoracoabdominal 
hernia repair. The hernia was repaired with poly-
propylene mesh placed in the preperitoneal plane, 
extending from the umbilicus to the psoas mus-
cle. The ribs were reapproximated by open reduc-
tion and internal fixation with titanium plates and 
steel cables (Figs.  23.7, 23.8, 23.9, and 23.10). 
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Fig. 23.4 Axial image demonstrating the hernia neck 
(red double arrow) and the hernia defect containing a por-
tion of the descending colon. The external oblique muscle 
demonstrates eventration and attenuation (blue arrow)

Fig. 23.5 Coronal image demonstrating the intercostal 
defect. Rib separation is depicted (blue arrows)

Fig. 23.6 Sagittal image of the intercostal defect. 
Highlighted is the separation of the interspace between 
ribs 9 and 10 (green double arrow). It is noticeably wider 
compared to the more superior intercostal space (blue 
double arrow)

Fig. 23.7 Development of the preperitoneal space

Postoperative chest x-ray demonstrated proper 
positioning of the rib plates (Fig. 23.11). He was 
discharged on postoperative day 5 after a rela-
tively uncomplicated postoperative course.

Case 2
Patient is a 64-year-old male who presented to 
the clinic with an enlarging acquired left thora-
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Fig. 23.8 Preperitoneal mesh placement with transab-
dominal suture fixation

Fig. 23.9 Placement of rib plates adjacent to hernia 
defect

Fig. 23.10 Rib plates with intercostal wires secured 
between plates

Fig. 23.11 Pigtail catheter in the left pleural space (blue 
arrow). Rib plates in the right lower portion of the image 
about inferolateral left ribs (orange arrow)

coabdominal hernia. His past medical history 
included hypertension, obesity, chronic obstruc-
tive pulmonary disease, and smoking. Five years 
earlier, the patient developed a violent coughing 
episode and then felt a “pop” that was associ-
ated with significant pain. Cross-sectional imag-
ing demonstrated a hernia in the area of the left 
thoracoabdominal region. The patient was ini-

tially taken to surgery for resection of a frac-
tured, necrotic rib and did not have the hernia 
addressed. The patient then presented to our 
clinic with chronic pain due to enlargement. 
Cross-sectional imaging was obtained in the 
form of computed tomography and demon-
strated a left abdominal intercostal hernia 
(Figs. 23.12, 23.13, and 23.14)
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Fig. 23.12 Axial image demonstrating a large hernia 
defect (red double arrow) containing colonic splenic flex-
ure with overlying attenuated external oblique muscle 
(blue arrow)

Fig. 23.13 Coronal image demonstrating herniation of 
the left hemidiaphragm into the defect (blue arrows)

Fig. 23.14 Sagittal image demonstrating the extent of 
the hernia defect; 11 cm in craniocaudal dimension

Fig. 23.15 Axial image of a right intercostal hernia 
between ribs 10 and 11. Liver is depicted herniating 
through the defect (blue arrow)

Case 3
The patient is a 54-year-old female with a history 
of prior right radical nephrectomy for renal cell 
carcinoma followed by resection of a disease 
recurrence with laparoscopic right thoracoab-
dominal hernia repair after each operation. She 
presented with a recurrent incisional thoracoab-
dominal hernia. Cross-sectional imaging was 

obtained and demonstrated a right intercostal 
hernia containing colon and liver (Figs.  23.15 
and 23.16). In the operating room, she underwent 
old mesh explantation, open reduction, and inter-
nal fixation of the adjacent ribs with plates and 
wires and implantation of a large polypropylene 
mesh.
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Fig. 23.16 Axial image of the hernia demonstrating 
hepatic flexure herniated through the defect (red double 
arrow). The defect includes intercostal musculature and 
the abdominal wall oblique muscles (blue arrow)
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24Diaphragmatic Hernia

Samuel J. Zolin, Aldo Fafaj, and Diya Alaedeen

 Anatomy and Embryology

The diaphragm separates the abdominal and tho-
racic cavities, with three main orifices allowing 
the passage of the inferior vena cava (IVC) at the 
level of T8, the esophagus at T10, and the aorta, 
azygos vein, thoracic duct, and splanchnic nerves 
at T12 (Fig.  24.1). The diaphragm consists of 
three major muscle groups and a large central 
tendon. The sternal, costal, and lumbar muscle 
groups are attached to their corresponding bones 
anterolaterally, and the arcuate ligaments posteri-
orly. The esophageal hiatus is made up of the 
right crus muscle bundles, which arise from L1–3 
of the lumbar vertebrae, and the left crus muscle 
bundles, which arise from L1–2. The right crus 
muscle fibers split, with some passing anteriorly 
to the esophagus, and some passing posterior and 
medially. The left crus muscle fibers meet with 
the right crus fibers anterior to the esophagus, 

and the fibers of both crura attach to the central 
tendon of the diaphragm. The fusion of endoab-
dominal and endothoracic fascias constitutes the 
phrenoesophageal membrane, which circumfer-
entially connects to the esophagus at the squamo-
columnar junction, and helps to fix the esophagus 
to the crura. The anatomy of the esophageal hia-
tus is particularly important, as this is the most 
common site at which acquired diaphragmatic 
hernias occur (Fig. 24.2).

Blood supply to the majority of the diaphragm 
comes from the left and right phrenic arteries, 
which arise directly from the abdominal aorta. 
Additional perfusion is provided from branches 
of the internal mammary arteries. Venous drain-
age follows the arterial supply, ultimately leading 
medially into the IVC.  Innervation of the dia-
phragm is almost exclusively from the right and 
left phrenic nerves, which originate from cervical 
nerves 3–5. Each nerve divides into four trunks 
that innervate the anterolateral, posterolateral, 
crural, and sternal areas of the diaphragm. Injury 
to either phrenic nerve results in an elevated 
hemidiaphragm and impaired respiration, while 
injury to both phrenic nerves results in complete 
diaphragmatic paralysis.

The diaphragm begins to develop during the 
fourth to seventh weeks of gestation and com-
pletes its development by the 10th–12th week. 
Four structures comprise the diaphragm during 
embryogenesis: (1) the muscular body wall along 
the periphery, (2) the esophageal mesentery asso-
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ciated with the esophagus, the IVC, and the aorta, 
(3) the left and right pleuroperitoneal folds 
located posteriorly, and (4) the transverse septum 
anteriorly. The central tendon is formed from the 
septum transversum, while the posteromedial 
portion of the diaphragm develops from the dor-
sal mesentery of the esophagus, and the right and 
left pleuroperitoneal membranes grow medially 
to fuse with the central tendon. Migration of the 

neuromuscular components completes diaphrag-
matic development. The myocytes migrate from 
the third, fourth, and fifth cervical myotomes, 
and the bilateral phrenic nerves evolve from the 
third, fourth, and fifth cervical nerves. While 
embryologic development of the diaphragm is 
generally very consistent, aberrant maturation 
can lead to congenital hernias. Furthermore, dia-
phragmatic hernias can also be acquired in the 
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Fig. 24.3 Normal coronal and sagittal CT appearance of the diaphragm (arrows)

context of injury or secondary to age- or disease- 
related weakening of the phrenoesophageal 
membrane (Fig. 24.2) [1].

Many imaging modalities, including fluoros-
copy, magnetic resonance imaging (MRI), and 
ultrasound, have been utilized to visualize the dia-
phragm. However, computed tomography (CT) 
remains the most widely used modality for dia-
phragmatic evaluation, especially in the adult pop-
ulation. Figure  24.3 shows the normal CT 
appearance of the diaphragm. The diaphragm usu-
ally has a smooth contour with increased thickness 
at its edges. Diaphragmatic slips, or folds, are nor-
mal anatomic variants and should not be confused 
with defects of the diaphragm [2].

 Bochdalek Hernia

Initially described by anatomist Vincent 
Bochdalek in a population of newborns who 
experienced significant abnormalities of respira-
tion, Bochdalek hernia is the term used to refer to 
posterolateral diaphragmatic hernias (Fig. 24.2). 
These hernias are thought to result from failure of 
fusion of the pleuroperitoneal folds and the trans-
verse septum, leading to a diaphragmatic hernia 
in a posterior and lateral location [3].

Bochdalek hernias are estimated to constitute 
approximately 90% of congenital diaphragmatic 

hernias (CDHs). Despite this, they are relatively 
rare overall, estimated to occur at a rate between 
1 in 12,500 and 1 in 2200 live births. Bochdalek 
hernias are described as having a left-sided pre-
dominance, with an approximate 75–90% inci-
dence on the left side (Fig. 24.2) [4]. It is possible 
that the presence of the liver, preventing hernia-
tion of viscera into the chest on the right, is the 
reason left-sided defects are more prevalent.

The presence of abdominal viscera in the tho-
racic cavity during development may lead to pul-
monary hypoplasia as well as vascular and 
cardiac abnormalities. This can lead to the devel-
opment of severe pulmonary symptoms at birth. 
While rates of neonatal mortality associated with 
CDH were an estimated 50% in the 1980s and 
1990s, these have declined to less than 30% as of 
2013 [5].

Though CDH may be diagnosed prenatally or 
shortly after birth in many, some individuals 
progress to adulthood without being diagnosed, 
and therefore it is difficult to estimate the number 
of asymptomatic adults who may have a 
Bochdalek hernia. One retrospective review of all 
abdominal CT scans performed in a single year at 
the Massachusetts General Hospital estimated 
the prevalence of Bochdalek hernia in adults to 
be 0.17% [6]. In contrast, a significantly higher 
prevalence of Bochdalek hernia has been reported 
elsewhere in the literature, with 5% of patients 
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between ages 40 and 49, 15% of patients between 
ages 50 and 69, and 35% of patients age 70 or 
older being estimated to have Bochdalek hernias. 
This age-related increase in Bochdalek hernia 
prevalence suggests that small congenital defects 
may enlarge over time [7]. Furthermore, condi-
tions that raise intra-abdominal pressure such as 
coughing, chronic obstructive pulmonary dis-
ease, vigorous activity, chronic constipation, 
pregnancy, and childbirth have been suggested to 
act as precipitating factors for the manifestation 
of Bochdalek hernias [8].

The literature is replete with case reports 
describing acute and sometimes dramatic presen-
tations of Bochdalek hernias in adults, including 
reports of volvulus, strangulation, and perforation 
secondary to these hernias. A recent review of 226 
reported cases of Bochdalek hernias indicates that 
most commonly patients present with abdominal 
pain (62%) and pulmonary symptoms (40%). 
Additionally, obstructive symptoms occur in 36% 
and bowel strangulation in 26% [8]. Together, 
these data suggest that diaphragmatic hernia must 
be considered in the differential diagnosis of 
patients presenting with bowel obstruction. 
Although rates of surgical emergencies attribut-
able to Bochdalek hernia may be slightly inflated 
due to publication bias, it is likely that elective 
repair of these hernias is warranted when they are 
discovered incidentally. Furthermore, because of 

their age-related increase in prevalence, Bochdalek 
hernias cannot be excluded on the basis of previ-
ously normal imaging.

Most CDHs are diagnosed by neonatal ultra-
sound before the 25th week of gestation. 
Polyhydraminos, a poor prognostic sign, is pres-
ent in 80% of cases. The presence of the stomach 
in the left hemithorax, with a right shift in the 
mediastinum, is the most common ultrasound 
finding. Fetal MRI can further identify the loca-
tion, contents, and effect of the CHD on adjacent 
structures (Fig. 24.4).

With regard to imaging findings in adults, 
chest x-ray may demonstrate evidence of 
Bochdalek hernia, including elevation of the left 
hemidiaphragm and potentially intestinal air- 
fluid levels in the hemithorax. Radiographs are 
not always diagnostic, and other disease pro-
cesses including pulmonary, pleural, mediastinal, 
diaphragmatic, or paravertebral masses may be 
confused for Bochdalek hernias. Furthermore, a 
chest x-ray without obvious evidence of a dia-
phragmatic hernia does not rule out this diagno-
sis [9]. Upper gastrointestinal (UGI) studies may 
be useful in determining whether there is a volvu-
lus or malrotation of involved hollow viscera, 
particularly if consideration is being given to a 
thoracic approach for repair (Fig. 24.5).

CT scan remains the most diagnostic imaging 
modality for Bochdalek hernia in adults. Cross- 

Fig. 24.4 Ultrasound (left) and MRI (right) images revealing Bochdalek hernia in an infant in utero. The arrows point 
to the stomach and intestine in the left hemithorax
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Fig. 24.5 An upper GI study in an adult patient present-
ing with congenital Bochdalek hernia. There is elevation 
of the left hemidiaphragm, and the stomach is seen within 
left thoracic cavity

Fig. 24.6 The coronal CT of the same adult patient 
depicted in Fig. 24.5. The arrow points to the diaphrag-
matic defect of this Bochdalek hernia

sectional imaging will demonstrate a posterior 
diaphragmatic defect occurring lateral to the 
crura. Small defects may contain only retroperi-
toneal fat, while larger defects may contain other 
abdominal viscera (Fig. 24.6) [10]. Fat or soft tis-
sue may be visualized above the diaphragm, with 
a mass adjacent to the diaphragmatic defect and a 
continuous density over and under the disconti-
nuity of the diaphragm [8].

Due to the risk of emergent presentation, it is 
generally recommended that Bochdalek hernias 
be repaired in patients who are candidates for 
surgery [9]. Historically, many Bochdalek  hernias 

in adults were repaired via the open approach. 
However, the safety and feasibility of minimally 
invasive repairs make this approaches a popular 
option.

 Morgagni Hernia

In 1769 the Italian anatomist Giovanni Morgagni 
described an abnormal defect that exists between 
the diaphragm and the sternum, and subsequently, 
anteromedial subcostosternal defects have been 
termed Morgagni hernias (Fig.  24.2). Morgagni 
hernias constitute fewer than 10% of all CDHs and 
result from an embryological defect in fusion of 
the transverse septum to the lateral body wall [3]. 
The foramen of Morgagni is covered by the peri-
cardium on the left, leading to an estimated 90% 
prevalence of rightward herniation (Fig.  24.2) 
[11]. Although this is a congenital hernia, it is 
more commonly diagnosed in adults as they 
become symptomatic later in life, or incidentally 
discovered on radiological studies. It is thought 
that increased abdominal pressure related to obe-
sity, pregnancy, constipation, and chronic cough, 
as well as trauma or substantial core effort, may 
contribute to these hernias increasing in size across 
one’s lifespan [12]. These hernias commonly con-
tain omentum, colon, stomach, liver, or small 
intestine [10]. The term “Morgagni hernia” may 
also be used to refer to an acquired, iatrogenic 
anterior diaphragmatic hernia that may occur most 
commonly after cardiac surgery, although in this 
context the term is used imprecisely.

While some patients with Morgagni hernias 
are asymptomatic, symptomatic Morgagni her-
nias may present a diagnostic challenge. 
Diagnosis may be delayed due to the presence of 
nonspecific symptoms including epigastric and 
lower sternal discomfort or vague cardiorespira-
tory and gastrointestinal symptoms [12]. It has 
been reported that pulmonary symptoms are the 
presenting symptom of Morgagni hernia in more 
than a third of cases, suggesting that normal gas-
trointestinal function does not exclude this diag-
nosis [13].

Findings on chest x-ray (CXR) are dependent 
on the organ or organs involved. If omentum 
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alone is involved, Morgagni hernia may be seen 
as a smooth, well-defined opacity in the right 
anterior cardiophrenic angle. If the hernia is large 
enough to contain bowel, gas shadowing may 
appear in the right cardiophrenic angle, or may 
even obliterate the cardiac silhouette in antero-
posterior views. In this case, lateral views may 
reveal loops of intestine herniating into the chest 
posterior to the sternum. The CXR may also 
reveal marked elevation of the right hemidia-
phragm (Fig. 24.7) [10].

Upper gastrointestinal series or contrast ene-
mas may reveal herniated bowel in the right chest 
depending on whether the intestine is involved 
and whether it is small or large bowel, but CT 
scan is usually the most diagnostic. The CT will 
show the diaphragmatic defect, and axial and 
sagittal images may clearly demonstrate the pres-
ence of abdominal fat and potentially bowel ante-
rior to the heart. Additionally, a high-riding 
transverse colon may also be seen if omentum is 
present in the hernia and exerts upward traction 
(Fig. 24.8, Video 24.1) [10, 14].

While it has been proposed that all Morgagni 
hernias should be repaired, even in asymptomatic 
patients, the rarity and heterogeneity of this con-

dition and its clinical presentations have pre-
vented a standardized approach from being 
developed. Both transabdominal and transtho-

Fig. 24.7 Postero-anterior and lateral CXR revealing marked elevation of the right hemidiaphragm (arrows) in an adult 
patient with Morgagni hernia

Fig. 24.8 Coronal CT scan of the same patient depicted 
in Fig. 24.7 revealing large left diaphragmatic defect, with 
herniating transverse colon into the left posterior thoracic 
cavity
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Fig. 24.9 Laparoscopic views of a large Morgagni hernia. The repair proceeded with primary closure of the defect and 
then mesh reinforcement

racic approaches have been reported, and both 
minimally invasive and open approaches from 
both the abdomen and the chest have been 
described (Fig.  24.9). While prosthetic mesh 
reinforcement during Morgagni hernia repair has 
been reported, particularly in contexts of large 
hernias or where primary repair was not possible, 
there is generally a lack of long-term data to 
guide the decision-making when a tension-free 
primary repair is feasible [12]. Ultimately, opera-
tive strategy will depend on the clinical situation 
and surgeon’s preference.

 Traumatic Diaphragmatic Hernia

Traumatic diaphragmatic hernias are acquired 
hernias resulting from herniation of abdominal 
contents through a diaphragmatic injury. It should 
be noted that diaphragmatic injury and traumatic 
diaphragmatic hernia are not synonymous. 

Diaphragmatic injury may occur without devel-
opment of herniation. Though, unrecognized dia-
phragmatic injury may subsequently lead to 
development of a traumatic diaphragmatic her-
nia. Therefore, absence of a diaphragmatic hernia 
immediately after injury does not exclude the 
presence of a diaphragmatic injury. While the eti-
ology of diaphragmatic injury in the context of 
penetrating mechanisms is straightforward, dia-
phragmatic injury is thought to occur in blunt 
mechanisms secondary to sudden increases in 
intrathoracic or intra-abdominal pressure against 
a fixed diaphragm. Fractured ribs may also cause 
diaphragmatic injury through penetration of the 
diaphragm or due to avulsion of the diaphragm 
from its peripheral attachment [9].

Traumatic diaphragmatic injury (TDI) is 
thought to be relatively rare; however, the true 
incidence is uncertain as these injuries may be 
difficult to diagnose. In the largest examination 
of TDI to date, 833,309 patients in the 2012 
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National Trauma Data Bank were reviewed for 
diagnosis of TDI [15]. The overall incidence of 
TDI was 0.46%, with TDI being diagnosed more 
often after penetrating injury than blunt injury 
(67% vs. 33% of patients with TDI). Patients 
with blunt TDI tended to be older and had greater 
overall injury severity. Blunt TDI was more com-
monly associated with thoracic aortic, pulmo-
nary, splenic, and bladder injuries, whereas 
penetrating TDI was more often associated with 
hollow viscus injury, hemothorax, esophageal, 
gastric, pancreatic, and hepatic injuries. Mortality 
in the population of patients with penetrating TDI 
was 8.8%, and 19.8% for blunt TDI. The substan-
tially higher mortality rate associated with blunt 
TDI is likely secondary to higher burden of 
severe injury. Given increasing nonoperative 
management of abdominal injuries, particularly 
for blunt mechanisms, it is possible that the inci-
dence of TDI is higher than this estimate and 
small TDI are simply not being detected with 
imaging. While TDI is a rare clinical entity, it is 
clear that its occurrence and diagnosis is often a 
marker of injury severity.

Left-sided TDI is described more often in the 
literature than right-sided TDI. This may be due 
to the presence of the liver on the right, which 
could prevent other viscera from herniating into 
the chest, and hence prevent right-sided injuries 
from being readily diagnosed [16]. Additionally, 
left-sided injury may be more common with 
sharp penetrating mechanisms due to greater 
prevalence of right-handed assailants.

The evolution of diaphragmatic injury into a 
diaphragmatic hernia has been posited to have 
three stages: (1) the acute phase, from the time of 
injury to apparent recovery from the most life- 
threatening concomitant injuries, which may 
include states of shock, respiratory insufficiency, 
respiratory injury, and acute head injury, (2) the 
latent phase, in which abdominal viscera begin to 
occupy the defect and herniate into the hemitho-
rax, producing symptoms including upper gastro-
intestinal complaints, left upper quadrant and/or 
left shoulder pain, and shortness of breath, and 
(3) the obstructive phase, which consists of vis-
ceral obstruction or ischemia [17]. While identifi-
cation of all injuries a patient has is a key goal of 

early trauma management, the clinical signs that 
a patient has a diaphragmatic injury may be sub-
tle, and many patients may not be identified as 
having a diaphragmatic injury until it results in a 
diaphragmatic hernia of substantial size. 
Clinically, when herniation is manifested, 
patients may experience chest or abdominal pain, 
dyspnea, respiratory failure, and ventilation dif-
ficulty. On physical exam, it may be possible to 
auscultate bowel sounds over the thorax. If a 
chest tube is placed, abdominal viscera may be 
seen or palpated during chest tube insertion.

In the acute setting, traumatic diaphragmatic 
hernias may be suspected on chest x-ray when 
the diaphragmatic contour is irregular or 
obscured, with a persistent opacity in the lower 
hemidiaphragm, elevation of the hemidiaphragm 
more than 4 cm higher than the contralateral side, 
and contralateral mediastinal shift without an 
effusion or pneumothorax. Clearer evidence of a 
traumatic diaphragmatic hernia includes obvious 
stomach or bowel loops in the chest, or extension 
of the tip of a correctly placed gastric tube from 
below to above the diaphragm [16, 18].

In the modern era, most TDIs are identified on 
CT scan. CT scan has been estimated to have a 
sensitivity and specificity of 0.77 and 0.91 for 
TDI, respectively [19]. CT scan may reveal a 
sharp cutoff of the diaphragm, herniated abdomi-
nal viscera (including stomach, small bowel, 
large bowel, omentum, spleen, and kidney), nar-
rowing of abdominal viscera through the site of 
herniation (the so-called collar sign), and contact 
between the stomach, bowel, spleen, or upper 
one-third of the liver with the posterior ribs (the 
so-called dependent viscera sign). It may be help-
ful to review coronal and sagittal reconstructions 
of scans to identify subtle defects, particularly 
looking for the collar sign [10, 11]. (Fig. 24.10, 
Video 24.2).

While CT is relatively sensitive for these inju-
ries, diagnostic laparoscopy may be indicated for 
a subset of patients who are not otherwise under-
going abdominal or thoracic exploration in whom 
there exists a high likelihood of TDI (Fig. 24.11).

Management of TDI and subsequent hernia is 
dependent on how the injury or hernia is discov-
ered, including in the context of other injuries 
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Fig. 24.10 Coronal CT images of posttraumatic left 
flank and diaphragmatic hernias after blunt abdominal 
trauma. The stomach can be seen herniating into the left 
hemithorax

Fig. 24.11 Laparoscopic view of a left traumatic dia-
phragmatic injury after penetrating trauma

being managed. If diaphragmatic injury is dis-
covered during laparotomy or thoracotomy, 
repair may be performed at that point in time and 
from either approach. If diaphragmatic injury is 
the indication for operation in the acute setting, 
then an abdominal approach is typically favored 
as other intra-abdominal injuries may be 
addressed at that time, and reduction of viscera 
may be easier. In the context of delayed recogni-
tion of a traumatic diaphragmatic hernia, surgical 
dogma has typically recommended a thoracic 
approach for chronic traumatic hernias, as it may 

be easier to address intrathoracic adhesions from 
the chest. However, this dogma has been chal-
lenged and many surgeons are now addressing 
chronic traumatic diaphragmatic hernias transab-
dominally and with minimally invasive 
approaches [18].

 Hiatal and Paraesophageal Hernias

Hiatal hernias are hernias in which abdominal 
viscera extrude into the mediastinum between the 
diaphragmatic crura at the esophageal hiatus. 
Hiatal hernias are most commonly classified as 
type I–IV, with the degree of involvement of the 
stomach and other intra-abdominal organs distin-
guishing between types:

• Type I hiatal hernias involve herniation of the 
gastroesophageal junction (GEJ) above the 
diaphragm, and are also known as sliding hia-
tal hernias.

• Type II hiatal hernias involve herniation of the 
gastric fundus above the diaphragm, with the 
GEJ remaining in its anatomical position.

• Type III hiatal hernias involve herniation of 
both the GEJ and the stomach into the chest.

• Type IV involves herniation of the stomach 
and another abdominal organ—commonly the 
colon, small bowel, omentum, or spleen—
above the diaphragm.

Collectively, type II–IV hiatal hernias are 
known as paraesophageal hernias (PEH). Type I 
hiatal hernias are estimated to account for 
approximately 95% of hiatal hernias, while PEH 
constitute the remaining 5% [20].

The exact mechanism or mechanisms by 
which hiatal hernias occur remain uncertain. At 
this point, most evidence supports the concept 
that structural changes of the periesophageal lig-
aments and muscular crura at the esophageal hia-
tus lead to the formation of hiatal hernias [21]. 
Increased intra-abdominal pressure, esophageal 
shortening from fibrosis or excess vagal stimula-
tion, and enlargement of the hiatus from congeni-
tal defects or acquired molecular/cellular changes 
are posited to contribute to the development of 
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these hernias, and it is likely that this is multifac-
torial [22]. Incidence of hiatal herniation also 
increases with age, with hiatal hernia found on 
cross-sectional imaging in approximately 5% of 
patients under 40, 30% of patients between 40 
and 59, and 65% between 60 and 79 years old [7].

The symptomatology and clinical presentation 
of patients with hiatal hernias can vary drasti-
cally. Sliding hiatal hernias are sometimes 
asymptomatic, but when symptoms manifest, 
they most commonly consist of gastroesophageal 
reflux disease (GERD) due to displacement of 
the GEJ into the mediastinum. For PEH, some 
asymptomatic patients are discovered inciden-
tally during imaging studies for other conditions, 
while other patients with PEH may be severely 
affected by symptoms including dysphagia, 
GERD, postprandial abdominal pain, regurgita-
tion, chest pain, and/or shortness of breath, which 
result from abnormal location of the GEJ, inter-
mittent gastric outlet obstruction, and mass effect 
on the intrathoracic organs. Cameron lesions 
related to hiatal hernias—linear ulcers or ero-
sions of the gastric mucosal folds at the site of 
diaphragmatic indentation—may lead to gastro-

intestinal bleeding and anemia and are more 
common with larger hernia size [23]. Rarely, 
large PEH may present acutely with gastric vol-
vulus leading to obstruction, incarceration, and 
ultimately strangulation. This presentation may 
be suggested by Borchardt’s triad, consisting of 
epigastric pain, inability to vomit, and failure to 
pass a nasogastric tube into the stomach [20], and 
constitutes a surgical emergency. Consequences 
of longstanding GERD related to hiatal hernias 
include esophagitis, Barrett’s metaplasia, and 
esophageal cancer.

A variety of radiographic tests are helpful in 
the workup of hiatal hernias and may be supple-
mented by other endoscopic studies. The utility 
of chest x-ray may be limited based on the type of 
hiatal hernia. For sliding hiatal hernias with only 
upward GEJ displacement, there may be no obvi-
ous findings on chest x-ray. With larger PEH, 
chest x-ray may reveal a retrocardiac mass with 
an air-fluid level (Fig. 24.12a). In these cases, a 
lateral view is helpful to distinguish between a 
Morgagni hernia and a hiatal hernia, which may 
be differentiated by the position of air-fluid levels 
relative to the position of the heart (Fig. 24.12b). 

a b

Fig. 24.12 (a, b) Posterio-anterior and lateral CXR illustrating retrocardiac air-fluid levels (arrows) seen in a patient 
with a large paraesophageal hernia

S. J. Zolin et al.



287

In the setting of gastric volvulus, two retrocardiac 
air-fluid levels may be present due to gastric rota-
tion and obstruction [24].

Barium upper GI studies yield a large amount 
of useful information related to hiatal hernias 
(Fig.  24.13). These may demonstrate presence 
and relative size of a hiatal hernia, as well as 
presence of any esophageal strictures secondary 
to GERD. As these can be performed as dynamic 
tests, they may also demonstrate reducibility of 
the hiatal hernia as well as any abnormalities of 
esophageal motility. Because of this, upper GI 
studies are highly valuable in planning for elec-
tive hiatal hernia repair and may assist with the 
decision of whether further workup is needed and 
whether or not to perform a fundoplication. 
Typically, the finding of the GEJ 2 cm above the 
diaphragm on upper GI is used to define presence 
of a sliding hiatal hernia [24–26].

While CT scan does not provide a substantial 
amount of information in the setting of sliding 
hiatal hernias, it can distinguish between these 
and PEH. For PEH specifically, CT scan is useful 
for distinguishing the relative size of the hernia, 
whether organs other than the stomach are 
involved and their orientation in the mediasti-
num, and the relative size of the defect at the 
esophageal hiatus. If a diagnosis of acute gastric 

volvulus is suspected, CT scan is helpful as a 
rapid test to distinguish between gastric volvulus 
and the myriad other causes of acute abdominal 
pain. As with other diaphragmatic hernias, a 
review of sagittal and coronal images can be par-
ticularly helpful in delineating the involved anat-
omy (Fig. 24.14a, b, Video 24.3) [10].

Several invasive tests are helpful for supple-
menting the workup of hiatal hernias. 
Esophagogastroduodenoscopy (EGD) may dem-
onstrate esophageal length, presence of esophagi-
tis, Barrett’s changes, or esophageal neoplasm, 
and gastric abnormalities including ulcers and gas-
tritis, and is therefore a key test in the  evaluation 
and management of hiatal hernia [20]. Esophageal 
manometry provides information about lower 
esophageal sphincter position, contraction, and 
relaxation, as well as esophageal motility. Again, 
this can influence the decision of whether further 
workup is needed and whether a partial or full fun-
doplication should be performed, if at all. A pH 
probe test is not necessary in most cases but may 
help in the setting of sliding hiatal hernias without 
endoscopic evidence of increased acid exposure. 
This test provides information about whether a 
patient’s subjective symptoms correspond to 
objective decreases in pH; this can help to avoid 
unnecessary fundoplication and its potential com-
plications in an individual whose symptoms are 
not attributable to acid reflux [24, 25].

Management of hiatal hernias is dependent on 
the type of hiatal hernia present as well as the 
symptoms. The Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) guidelines recommend that repair of 
type I hiatal hernia in the absence of reflux dis-
ease is not necessary, while all patients with types 
II–IV hiatal hernias who have symptoms should 
undergo repair [25]. Asymptomatic patients with 
PEH may not require repair, although many 
patients will report at least mild symptoms 
depending on how questions are posed. A full 
discussion of operative approaches is beyond the 
scope of this chapter; however, both transabdom-
inal and transthoracic approaches are possible, 
with a laparoscopic transabdominal repair being 
the preferred operation for most patients with 
hiatal hernias [25, 26].

Fig. 24.13 An upper GI revealing a large fixed parae-
sophageal hernia containing the entire gastric fundus and 
a portion of the gastric body
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Fig. 24.14 (a, b) Axial and coronal CT scan images revealing paraesophageal hernia with the stomach in the retrocar-
diac mediastinal cavity

 Conclusion

Congenital and acquired diaphragmatic hernias 
are less common, but advanced imaging technol-
ogies, and the recent increase in their utilization, 
have increased the detection of these hernias. 
Cross-sectional imaging, namely CT scan, 
remains the most widely used modality for dia-
phragmatic evaluation in adults, while UGI stud-
ies may be essential in evaluating hiatal hernias. 
The repair of these hernias via the minimally 
invasive approach has been feasible, safe, and 
effective.
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25Obturator, Perineal, Sciatic, 
Internal, and Paraduodenal 
Hernias

Yang Lu, David C. Chen, and Ian T. MacQueen

 Introduction

As groin and anterior abdominal wall hernias 
constitute the majority of hernias encountered 
in practice, most providers are familiar with 
these hernias and there is an abundance of 
expertise in the diagnosis and management of 
these conditions. In contrast, there exists a range 
of less common hernias which pose significant 
diagnostic and therapeutic challenges, mainly 
stemming from the rarity and relative obscurity 
of these afflictions. Despite the low prevalence 
of these hernias, it is crucial that primary care 
physicians, radiologists, and surgeons be famil-
iar with these rare hernias and maintain a high 
degree of suspicion when a patient’s clinical 
presentation is consistent with one of these 
diagnoses. This chapter seeks to describe sev-
eral of these uncommon hernias, with a focus on 

anatomy, epidemiology, clinical presentation, 
diagnostic workup, and treatment.

 Obturator Hernias

An obturator hernia is present when peritoneal 
contents protrude through the obturator canal, 
within the obturator foramen. The obturator fora-
men is a large opening situated between the 
ischium and pubis, filled almost completely by 
the obturator internus and externus muscles. The 
obturator canal is a passageway through the obtu-
rator foramen and is bordered by the obturator 
muscles. The canal is approximately 1/3  cm in 
size and allows for the passage of the obturator 
nerve, artery, and vein from the pelvis to the 
medial thigh. An obturator hernia passes immedi-
ately adjacent to these structures within the obtu-
rator canal.

Though it is an extremely rare form of abdom-
inal wall hernia (<1%), the obturator hernia car-
ries one of the highest mortality rates [1]. It has 
earned the moniker “little old ladies’ hernia,” 
because the classic patient is an elderly, thin 
woman. Typical presentation includes repeated 
episodes of bowel obstruction accompanied by 
weight loss. Other risk factors include those asso-
ciated with pelvic laxity, such as multiparity, and 
conditions that increase intra-abdominal pres-
sure, such as chronic constipation or ascites. An 
obturator hernia occurs more often unilaterally 
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and on the right side because the left obturator 
foramen is often shielded by the sigmoid colon. 
The rarity of obturator hernias often leads to a 
delay in diagnosis and thus results in gangrenous 
bowel requiring surgical resection in half of all 
cases [2]. Clinical symptoms depend on the size 
of the hernia and its contents. While most patients 
present with subtle symptoms of pelvic discom-
fort, those with mechanical obstruction will 
endorse crampy abdominal and pelvic pain, nau-
sea, and vomiting.

On physical examination, tenderness may be 
elicited upon palpation of the obturator foramen. 
A visible or palpable bulge on the medial thigh is 
only found in 20% of patients. The Howship- 
Romberg sign is a pathognomic exam finding 
which describes referred pain down the medial 
aspect of the thigh during medial rotation of the 
hip, due to compression of the cutaneous branch 
of the obturator nerve [3, 4]. Pain is often exacer-
bated by provocative maneuvers such as cough-
ing or extension, adduction, and medial rotation 
of the hip. It may be relieved by flexion of the 
hip. Another exam finding suggestive of an obtu-
rator hernia is the Hannington-Kiff sign, which is 
characterized by the loss of thigh adductor reflex 
in the presence of a positive patellar reflex.

Although physical examination is important 
in the diagnosis of this challenging hernia, most 
cases of asymptomatic obturator hernias are dis-
covered incidentally during laparoscopic surgery 
for a separate indication. In a symptomatic indi-
vidual, the diagnosis of an obturator hernia can 
be readily made on cross-sectional imaging 
including CT or MRI, in which fluid or bowel can 
be traced along the obturator canal to lie in the 
medial upper thigh (Figs.  25.1 and 25.2, Video 
25.1). The treatment of obturator hernias is surgi-
cal repair, either via transabdominal, inguinal, or 
obturator approaches [4, 5]. For patients present-
ing with bowel obstruction, a transabdominal 
approach is preferred because of the possible 
need for bowel resection.

Fig. 25.1 Obturator hernia. A 94-year-old female pres-
ents with abdominal distention. The red arrow indicates a 
right obturator hernia with an incarcerated loop of the 
bowel, along with significant free fluid in the hernia sac

Fig. 25.2 Obturator hernia. A 76-year-old female with a 
history of gastric bypass presented with generalized 
abdominal pain. CT demonstrated high-grade obstruction 
of the pancreaticobiliary limb with transition point 
(marked by yellow arrow) within a small left obturator 
hernia containing a small portion of bowel

Y. Lu et al.
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 Perineal Hernias

A perineal hernia is a protrusion of visceral con-
tents through a defect in the pelvic floor, either 
anterior or posterior to the superficial transverse 
perineal muscles. Perineal hernias may be pri-
mary or secondary based on the occurrence of 
prior surgery. Primary perineal hernias are 
extremely rare and may be due to a failure of 
regression of the peritoneal cul de sac of the 
embryo, leading to a relatively weakened pelvic 
floor [6]. Acquired perineal hernias may occur 
later in life through an accumulation of risk fac-
tors associated with increased intra-abdominal 
pressure, such as chronic constipation and multi-
parity. Primary perineal hernias have also been 
described after pelvic fractures following major 
trauma such as a motor vehicle accident. 
Secondary perineal hernias are complications 
following major pelvic surgery such as abdomi-
noperineal resection, pelvic exenteration, or 
orthopedic operations that remove the coccyx or 
distal sacrum without adequate reconstruction.

Patients typically describe symptoms includ-
ing pelvic pain, which is often exacerbated by 
standing up and may be associated with impaired 
urination or defecation. Perineal hernias tend to 
have a wide neck, and strangulation or obstruc-
tive symptoms are relatively uncommon [6]. On 
physical examination, perineal hernias may be 
palpated on bimanual rectal-vaginal  examination. 
Pelvic ultrasound and CT imaging may be used 
to further evaluate the severity of a perineal her-
nia. Due to the location of perineal hernias, skin 
erosion and problems with urination and defeca-
tion often necessitate surgical repair. Various 
techniques have been described to correct this 
difficult problem, including perineal, transab-
dominal, and combined abdominoperineal 
approaches. The defect in the pelvic diaphragm 
may be closed primarily or by using autogenous 
material or synthetic mesh.

 Sciatic Hernias

A sciatic hernia is the protrusion of intra- 
abdominal contents through the greater or lesser 
sciatic foramen of the pelvis. The greater sciatic 
foramen is bounded by the ilium, sacroiliac liga-
ment, sacrospinous ligament, and sacrotuberous 
ligament. The piriformis muscle passes through 
and nearly fills this foramen. Hernias through the 
greater sciatic foramen may occur in the supra- 
piriform space (adjacent to the superior gluteal 
vessels and nerve) or in the infra-piriform space 
(adjacent to multiple vessels and nerves includ-
ing the sciatic nerve). The lesser sciatic foramen 
is bounded by the sacrospinous ligament, the 
sacrotuberous ligament, and the ischial tuberos-
ity. Lesser sciatic hernias occur adjacent to the 
multiple nerves and vessels that traverse this 
foramen, including the internal pudendal vessels 
and the pudendal nerve. Regardless of whether 
they occur in the supra-piriformis, infra- 
piriformis, spinotuberous location, and sciatic 
hernias are typically overlaid by the gluteus max-
imus and only large sciatic hernias protrude from 
under the distal aspect of the muscle. In female 
patients, sciatic hernia defects are generally 
found in the ovarian fossa. In males, the internal 
topography of sciatic hernias is less consistent, 
but they may frequently be found laterally and 
posteriorly to the rectum [7].

Sciatic hernias are one of the rarest forms of 
pelvic hernias and their presentation is highly 
variable. When symptomatic, patients may com-
plain of dull, pressure sensation in the pelvis, 
radiating to the gluteal muscle or posterior thigh. 
Patients may also experience sharp pain traveling 
down the posterior thigh related to compression 
of the sciatic nerve. Due to the sciatic hernia’s 
location deep in the gluteal maximus muscle, 
early detection of a bulge is rare. Palpation of a 
tender, reducible mass with a cough can be diag-
nostic of a sciatic hernia. Digital rectal or vaginal 
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Fig. 25.3 Sciatic hernia. A 68-year-old female with an 
incidentally found sciatic hernia on cross-sectional imag-
ing. The red arrow indicates a small right sciatic notch 
hernia with protrusion of small bowel into the greater sci-
atic foramen Fig. 25.4 Internal hernia. A 89-year-old male presents 

with severe abdominal pain and vomiting. The red arrow 
marks an internal hernia in the transverse mesocolon, 
causing significant gastric outlet obstruction in this patient

Fig. 25.5 Internal hernia. A 48-year-old female with a 
history of Roux-en-Y gastric bypass presents with symp-
toms of bowel obstruction. CT demonstrates dilated distal 
esophagus, stomach and proximal loops of small bowel 
with the yellow indicator pointing to a transition point in 
the left central abdomen

examination may also be performed to facilitate a 
diagnosis, as a mass may be felt within the sciatic 
region. As with the other types of hernias 
described in this chapter, a definitive diagnosis is 
most frequently made on cross-sectional imaging 
(Fig.  25.3, Video 25.2). CT with water-soluble 
rectal contrast may be helpful in characterizing a 
sciatic hernia containing colon. In addition, an 
excretory urography can be useful in diagnosing 
a ureteric sciatic hernia. In such a study, a curling 
ureter, also known as the “curlicue ureter” sign, is 
considered pathognomonic and is seen when the 
herniated ureter passes laterally to the medial 
wall of the pelvis. Surgical management of  sciatic 
hernias can be performed via transgluteal, trans-
abdominal, or combined approaches.

 Internal Hernias

An internal hernia is a protrusion of viscus 
through a foramen or retroperitoneal fossa within 
the abdominal cavity. Internal hernias may be 
congenital or acquired. Acquired internal hernias 
are frequently due to surgically created foramina 
or mesenteric defects, which may be formed after 
bowel surgery such as Roux-en-Y procedure or 
liver transplantation (Figs.  25.4 and 25.5) [8]. 
Internal hernias are frequently found in the fol-
lowing locations: paraduodedunal, pericecal, 
foramen of Winslow, parasigmoid, transmesen-
teric, pelvic, and transomental (Fig.  25.6) [9]. 

Internal hernias are rare and have an autopsy inci-
dence of <1%, but account for nearly 5% of all 
cases of small bowel obstruction [8, 10].

Y. Lu et al.
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Fig. 25.6 Common locations and relative frequencies 
of internal hernias. Paraduodenal 53%, Pericecal 13%, 
Foramen of Winslow 8%, Transmesenteric 8%, Perisigmoid 
6%, Pelvic and supravesical 6%, Transomental 4%

Fig. 25.7 Axial and coronal views of a paraduodenal her-
nia. A 27-year-old female presents with diffuse abdominal 
pain. The small bowel can be seen herniating into a large 
left paraduodenal hernia through the fossa of Landzert

Hernia
neck

Vessels of
transverse
mesocolon

Fig. 25.8 Axial and coronal views of a paraduodenal her-
nia. A 27-year-old female presents with diffuse abdominal 
pain. The small bowel can be seen herniating into a large 
left paraduodenal hernia through the fossa of Landzert

 Paraduodenal Hernias

Paraduodenal hernias account for over half of all 
internal hernias. They occur with a male-to- 
female predominance of 3:1, and may occur at 
any age [8, 10]. Patients classically present with 
symptoms of intermittent post-prandial abdomi-
nal pain and weight loss. Paraduodenal hernias 
occur more frequently on the left side (75%), 
where visceral contents protrude through the 
fossa of Landzert, a congenital defect which is 
found just left of the duodenojejunal junction [8, 
11]. The defect is bordered anteriorly by perito-
neal tissue overlying the inferior mesenteric vein 
and ascending left colic artery. A small bowel 
loop may enter through the mesocolic defect and 
become entrapped in the fossa of Landzert. On 
computed tomography, herniated small bowel 
loops can be visualized posterior to the ascending 
left colic artery near the ligament of Treitz 
(Figs. 25.7 and 25.8, Video 25.3) [12]. Additional 
signs of bowel compromise include vessel 
engorgement, bowel-wall thickening, and 
absence of wall enhancement after contrast 
injection.

Twenty-five percent of paraduodenal hernias 
occur on the right side, where viscera herniate 
through the fossa of Waldeyer within the proxi-
mal jejunal mesentery [8, 13]. Right paraduode-
nal hernias are congenital disorders that result 

from absent or malrotation of the midgut. In these 
cases, the small bowel is located to the right of 
the superior mesentery artery (SMA) and may be 
entrapped as it tunnels into a peritoneal recess 
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posterior to the SMA. CT imaging reveals small 
bowel loops posterior to the SMA or branches of 
the ileocolic arteries positioned within the fossa 
of Waldeyer.

 Pericecal Hernias

Pericecal hernias make up 6–13% of all internal 
hernias and frequently present with entrapment 
of ileum through the paracolic sulcus posterior to 
the cecum, which is bordered by the parietocecal 
fold laterally and the mesentericocecal fold medi-
ally [8]. Clinical symptoms related to pericecal 
hernias include intense right lower quadrant pain, 
which may mimic appendicitis, but will often 
also include obstructive symptoms such as nau-
sea, vomiting, obstipation, and abdominal disten-
sion. On barium enema or computed tomography, 
pericecal hernias can be identified by visualizing 
fixed and dilated small bowel loops posterior- 
lateral to a normal-appearing cecum, with exten-
sion into the right paracolic gutter [13].

 Foramen of Winslow Hernias

The foramen of Winslow is a normal peritoneal 
opening situated in the portacaval space and bor-
dered by the portal vein anteriorly and inferior 
vena cava posteriorly. Factors that predispose 
herniation of viscera through the foramen of 
Winslow include an abnormally enlarged fora-
men and extended bowel mesentery. Herniation 
of small bowel contents through this space is 
most commonly reported, but there have also 
been reported cases of hernias including colon 
and gallbladder. On computed tomography, the 
presence of bowel and mesenteric fat tracking 
from lateral to medial between vena cava and 
porta hepatis, extending into the lesser sac and 
anteriorly displacing the stomach supports the 
diagnosis of a foramen of Winslow hernia.

 Transmesenteric, Petersen Defect, 
Parasigmoid, and Transomental 
Hernias

In adults, transmesenteric hernias are frequently 
related to prior abdominal operations, particularly 
when Roux-en-Y anatomy is created (Fig.  25.9) 
[12]. Transmesenteric defects causing internal her-
nias most commonly occur in the transverse meso-
colon and may occasionally be found in the small 
bowel mesentery. Roux-en-Y anatomy may result 
in a transmesenteric defect in the small bowel 
mesentery as well as a “Petersen defect,” which is 
a potential space found between the transverse 
mesocolon and the small bowel mesentery, and 
may be present in any patient with a gastrojejunos-
tomy. In children, transmesenteric hernias are a 
leading cause of internal hernias, usually through a 
congenital defect in the small bowel mesentery 
near the ileocecal segment [12]. In a unique case 
shown in Fig.  25.10, a closed-loop small bowel 
obstruction developed from herniation of small 
bowel into a mesenteric defect in a young patient 
without prior abdominal surgery.

Fig. 25.9 Internal hernia. A 31-year-old female with a 
history of Roux-en-Y gastric bypass presents with abdom-
inal pain. The red arrow indicates an internal hernia con-
taining ischemic small bowel

Y. Lu et al.
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Fig. 25.10 Internal hernia. A 38-year-old male with no 
prior surgical history presents with abdominal pain. The 
red arrow indicates small bowel herniation through what 
was suspected to be a mesenteric defect. On laparoscopy, 
an adhesive band was seen between mesentery and epi-
ploic appendage, which created a small defect that led to a 
closed-loop bowel obstruction

Parasigmoid hernias make up 6% of all inter-
nal hernias [8]. Due to the redundant nature of 
sigmoid colon, an intersigmoid fossa may be 
formed between two neighboring loops, through 
which a segment of small bowel may become 
entrapped, resulting in obstruction. In a separate 
process, a transmesosigmoid hernia results when 
there is protrusion of viscera through a direct 
defect in the sigmoid mesocolon. Finally, a tran-
somental hernia, which accounts for approxi-
mately 4% of internal hernias, describes 
protrusion of viscera through the greater or lesser 
omentum and is usually congenital in nature [14]. 
Treatment for internal hernia consists of transab-
dominal reduction of hernia contents with surgi-
cal closure of the internal foramen through which 
the hernia occurred.

 Conclusion

Obturator, perineal, sciatic, internal, and paradu-
odenal hernias are a complex and difficult group 
of hernias to diagnose accurately and in a timely 
fashion due to the rarity of their presentation. 
However, understanding their clinical and radio-
graphic presentation is paramount in order to pro-

vide appropriate and timely treatment in order to 
avoid significant morbidity and mortality.
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26Diastasis Recti
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Abbreviations

AP Antero-posterior
BMI Body mass index
CT Computed tomography
IEHS International Endohernia Society
MHz Megahertz
MRI Magnetic resonance imaging
US Ultrasound

 Introduction

 Anatomy of the Linea Alba

Diastasis recti, otherwise known as rectus diasta-
sis, can be understood as a separation between 
the rectus abdominis muscles at the midline of 
the abdomen due to attenuation of the linea alba. 
It is important to note that rectus diastasis does 
not constitute a true hernia, as there is no fascial 
defect or hernia sac encountered in these patients. 

The linea alba comprises the midline confluence 
of the aponeuroses of the musculature of the 
abdominal wall. In the midline, the linea alba 
extends from the xiphoid process superiorly to 
the pubic symphysis inferiorly. There is a trian-
gular reinforcement inferiorly termed the admi-
niculum lineae albae, which is composed of the 
aponeuroses of the external oblique, internal 
oblique, and transversus abdominis. There are 
also anatomic variations of the linea alba, for 
instance, in a minority of the population, the linea 
alba may not be present at the origin of the 
xiphoid, but rather found more lateral on the cos-
tal margin [1, 2]. The linea alba is also composed 
of both obliquely and transversely oriented fibers. 
Variation of composition has been shown 
between males and females, and in general the 
male linea alba is thicker, whereas the female 
linea alba is wider [3]. Additionally, anatomic 
studies have shown the linea alba to vary in 
deformability, elasticity, and width along its 
supero-inferior course [4]. Above the umbilicus, 
the linea alba has generally been found to be 
wider in this region compared to points at or 
below the umbilicus [1, 4]. Although width varies 
along the length of the linea alba, differences in 
physical properties of resistance to linear traction 
and deformability between the supra- or infra- 
umbilical regions have not been found [4].
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 Etiology of Rectus Diastasis

The linea alba may become attenuated and the 
inter-rectus distance widened due to various rea-
sons. A common cause in females is pregnancy, 
as the increased intra-abdominal force outwards 
causes attenuation and thinning of the fibers of 
the linea alba, changes which can be permanent. 
Another common contributor to increased 
 intra- abdominal pressure is obesity, seen in both 
male and female patients. A history of previous 
abdominal surgery is also associated with this 
condition. Generally, the inter-rectus distance is 
smaller in nulliparous females compared to males 
and parous females [5].

Congenital lateral insertion of the paired rec-
tus abdominis muscle also leads to an increase in 
the inter-rectus distance, though the true inci-
dence of this, and any associated symptomatol-
ogy is not known. This is clinically important in 
that the etiology of rectus diastasis can dictate 
surgical management strategies [2, 6].

Less commonly, congenital conditions have 
been implicated in causing thinning and widen-
ing of the linea alba in neonates. Prune Belly 
Syndrome is one such condition, wherein hypo-
plasia of the abdominal wall musculature is 
caused by genitourinary tract obstruction (ure-
thral obstruction sequence). This leads to massive 
fetal abdominal wall distention. Prune Belly 
Syndrome occurs in approximately 1/40,000 live 
births, with over 95% of patients being male. 
Pseudo Prune Belly Syndrome is used to describe 
patients with partial or unilateral abdominal wall 
deficiency, unilateral undescended testis, or 
female neonates with significant abdominal wall 
laxity. It is difficult to determine the true inci-
dence of this, though it is estimated to occur in 
3–5% of those with Prune Belly Syndrome [7]. A 
separate clinical entity—familial abdominal wall 
muscular hypoplasia—has been described as an 
isolated finding in case reports, and not as part of 
the Prune Belly Syndrome or sequence. In one 
case report of this, a 3-year-old male was noted to 
have significant rectus diastasis associated with 
bowel and bladder dysfunction [8].

Vertical transmission of non-syndromic ante-
rior abdominal wall deficiency has also been 

described in case reports. Linea alba weakness 
and rectus diastasis have been shown to exhibit 
familial segregation with autosomal dominant 
transmission. Considering the embryologic pro-
cess of ventral abdominal wall closure, disor-
dered ventral migration of mesenchyme leads to 
a spectrum of known congenital abnormalities 
such as Cantrell pentalogy, bladder extrophy, 
omphalocele, and weakness or hypoplasia of the 
rectus and linea alba. It is possible for weakness 
of the linea alba and diastasis rectus to be due to 
maturational deficiency and not occur as part of a 
sequence or syndrome [8, 9].

 Clinical Significance of Rectus 
Diastasis

Rectus diastasis is a clinically important entity. 
Increased inter-rectus distance due to attenua-
tion of the linea alba potentially contributes to 
symptoms of abdominal pain and weakness, low 
back pain, and impairments with urologic func-
tion. The literature suggests that a diastasis 
wider than 3 cm may benefit from repair from a 
functional, pain, and cosmetic standpoint [10]. 
Postpartum female patients have been shown to 
have an improvement in symptoms of back pain 
and urinary incontinence after undergoing tradi-
tional abdominoplasty to repair rectus diastasis 
[11]. The International Endohernia Society 
(IEHS) guidelines state the goal of reconstruc-
tion of the linea alba to more normal anatomy is 
to restore functionality of the abdominal wall, 
with the added secondary benefit of improved 
cosmesis [12].

 Classification Systems of Rectus 
Diastasis

There are various classification systems that 
attempt to define pathologic or clinically signifi-
cant inter-rectus distances. By the simplest defini-
tion, pathologic rectus diastasis can be considered 
present when the inter-rectus distance is greater 
than 2 cm. Currently established classification sys-
tems include: (1) Beer, (2) Rath, and (3) Nahas 
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classifications (Tables 26.1, 26.2, and 26.3). These 
named classifications aim to expand beyond one 
simple measurement in distinguishing a normal 
linea alba from one considered pathologically 
widened. Various clinical characteristics have been 
considered and included in these three classifica-
tions in an attempt to create a more meaningful 
and clinically useful construct.

 Beer Classification

The Beer classification is the most recently pub-
lished classification system (2009) which sets a 
maximum inter-rectus distance that can be con-
sidered normal in females. The Beer system 
defines the maximum normal width of the linea 
alba based on measurements obtained from a 
study population of 150 nulliparous females aged 
20–45 years, with a body mass index (BMI) less 
than 30 kg/m2, and without a history of signifi-
cant weight loss or previous surgery. The width 
of the linea alba (or inter-rectus distance) was 
measured at three points along its length from 
superior to inferior, including: (1) at its origin at 
the xiphoid, (2) 3 cm above the umbilicus, and 
(3) 2 cm below the umbilicus. Measurements of 
the inter-rectus distances at these points were 
obtained via ultrasound using a high-resolution 
linear array transducer.

Measurements within the range of the 10–90 
percentile dictate “normal” widths of the linea 
alba at the respective points. Maximum “normal” 

Table 26.1 Beer classification

Level
Average width 
(mm)

Maximum normal 
width (mm)

Xiphoid process 7 ± 5 15
3 cm above 
umbilicus

13 ± 7 22

2 cm below 
umbilicus

8 ± 6 16

Beer et al. set the maximum inter-rectus distance that can 
be considered normal based on a study of 150 nulliparous 
females aged 20–45 years, with a body mass index (BMI) 
less than 30  kg/m2 and no history of significant weight 
loss or previous surgery. The width of the linea alba was 
measured at three points using ultrasound. Measurements 
falling within the 10–90 percentile were considered “nor-
mal.” Maximum normal widths are listed. According to 
this investigation, the linea alba is consistently widest at a 
point 3 cm above the umbilicus [1]

Table 26.2 Rath classification

Level Age < 45 years Age > 45 years

–
Normal 
(mm)

Pathologic 
(mm)

Normal 
(mm)

Pathologic 
(mm)

Above 
umbilicus

5–6 10 12–14 15

At 
umbilicus

19–23 27 19–23 27

Below 
umbilicus

5–6 9 9–11 14

The Rath classification was developed from the compari-
son between gross measurements of the inter-rectus dis-
tance in male and female cadavers, and those obtained by 
CT. Patients fall into two age groups: under 45 years, and 
over 45 years. There are three points of interest: (1) supra- 
umbilical (halfway between xiphoid and umbilicus), (2) at 
the umbilicus, and (3) infra-umbilical (halfway between 
the umbilicus and pubic symphysis). Normal and patho-
logic ranges of the inter-rectus distances at these three 
points are given, according to age [4]

Table 26.3 Nahas classification

Type Etiology Corrective measure
A Pregnancy Anterior rectus sheath 

plication
B Lateral, infra- 

umbilical 
myoaponeurotic 
laxity

Anterior rectus sheath + 
external oblique plication

C Congenital lateral 
insertion of rectus 
abdominis

Rectus abdominis 
advancement

D Obesity Anterior sheath 
plication + external 
oblique advancement

The Nahas classification describes rectus diastasis accord-
ing to the etiology of myofascial defects. Corrective mea-
sures are recommended based on the etiology of the 
diastasis, which takes into account various anatomic 
causes for the rectus diastasis. Type A deformity due to 
pregnancy is most common and is best repaired with stan-
dard abdominoplasty techniques using anterior rectus 
sheath plication [6, 13]
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widths are defined as 15  mm at the xiphoid; 
22 mm at 3 cm above the umbilicus; and 16 mm 
at 2 cm below the umbilicus. Average widths at 
the xiphoid were 7 mm ± 5; at 3 cm above the 
umbilicus the average width was 13 mm ± 7; and 
at 2 cm below the umbilicus, the average width 
was 8 mm ± 6. According to this investigation, 
the linea alba is consistently widest at a point 
3 cm above the umbilicus. This classification sys-
tem does not include other variables, such as age, 
body habitus, or height, as these were not found 
to be statistically correlated with the width of the 
linea alba in the study population [1] (Table 26.1).

 Rath Classification

The Rath classification was developed and pub-
lished in 1996 as part of an early anatomic and 
radiologic study of the linea alba, using both male 
and female cadavers. This classification system 
was borne out of cross-comparisons between gross 
anatomic measurements of the inter-rectus dis-
tance and measurements obtained by computed 
tomography (CT). In this classification system, the 
age of the patient is considered in determining 
whether an increased inter-rectus distance should 
be defined as pathologic. Two age groups are 
included: one of patients under 45 years of age and 
the other including patients above 45 years of age. 
Using the fixed anatomic reference points of the 
xiphoid, umbilicus, and pubic symphysis, three 
points are included along the supero-inferior 
extension of the linea alba: (1) supra-umbilical, or 
halfway between the xiphoid and umbilicus, (2) at 
the umbilicus, and (3) infra- umbilical, or halfway 
between the umbilicus and pubic symphysis.

Normal ranges of the inter-rectus distances, or 
linea alba width, in the supra-umbilical region 
are 5–6 mm before age 45 and 12–14 mm after 
the age of 45. Normal ranges at the umbilicus are 
19–23 mm, without a difference for age. Normal 
ranges below the umbilicus are 5–6 mm before 
45 years and 9–11 mm after age 45.

The Rath classification defines rectus diastasis 
in those aged 45  years or younger as an inter- 

rectus distance greater than 10  mm above the 
umbilicus (halfway between xiphoid and umbili-
cus), 27 mm at the umbilicus, and 9 mm below 
the umbilicus (halfway between the umbilicus 
and pubic symphysis). In those older than 
45 years, cut-offs for abnormal inter-rectus dis-
tances are 15 mm, 27 mm, and 14 mm, respec-
tively. Generally, the width of the supra-umbilical 
linea alba increases with age and is wider in 
females [4] (Table 26.2).

 Nahas Classification

The Nahas classification describes rectus diasta-
sis according to the etiology of myofascial 
defects and recommends appropriate surgical 
intervention for each type of rectus diastasis. 
Deformities are given type, A through D. Type A 
deformity is due to pregnancy and according to 
this classification is best repaired with anterior 
rectus sheath plication. Type B deformity is due 
to myoaponeurotic laxity, and recommended sur-
gical repair includes anterior rectus sheath and 
external oblique plication. Type C deformity is 
due to congenital defects, and should be 
approached with rectus abdominis muscle 
advancement. Type D deformity is due to obesity, 
and should be approached with both anterior 
sheath plication and external oblique muscle 
advancement [6, 13] (Table 26.3).

Overall, agreement and standardization 
among these three classification systems are cur-
rently lacking both in the literature and in prac-
tice [14, 15]. Attempts have been made by major 
hernia societies, such as the International 
Endohernia Society (IEHS) and the German 
Hernia Society, to more clearly delineate and 
propose formal guidelines. Even after forming a 
working group to review the literature on rectus 
diastasis and its treatment, no clear guidelines or 
agreed-upon definitions were discovered [15]. 
Nevertheless, the three classification systems—
Beer, Rath, and Nahas—do provide a framework 
for the diagnosis and management of rectus 
diastasis.
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 Diagnostic Imaging

Imaging has a role in accurately diagnosing rec-
tus diastasis by proving objective measurements 
of the inter-rectus distance [14]. While it is pos-
sible to measure the inter-rectus distance using 
physical exam and direct measurement tech-
niques, there is a lack of standardization to these 
techniques. For instance, in the preoperative set-
ting, the finger breadth test characterizes the dis-
tance based on the number of finger breadths 
wide the medial edges of the rectus muscles are 
palpably separated, which is obviously variable 
among individuals. The use of calipers or tape 
measures provides more quantitative informa-
tion, although unless performed directly in situ 
during surgical abdominoplasty, these tools may 
also give inconsistent results as a result of the 
inability to accurately identify the actual medial 
border of the rectus [16] (Figs.  26.1 and 26.2). 
These issues may be overcome with imaging 
techniques that are able to accurately and clearly 
identify fascial borders.

In terms of assessing reliability and reproduc-
ibility of the various techniques used to measure 
the inter-rectus distance, the relaxation or con-
traction state of the abdominal wall should be 
taken into account. There may be variations of 

the inter-rectus distance as a result of muscle 
relaxation or paralytics used during surgery, 
though this has not been shown definitively to 
contribute to measurable changes in the inter- 
rectus distance [17]. When using imaging modal-
ities, respiratory variations and the imposed 
tension or laxity that occurs naturally with inspi-
ration and expiration may also cause the inter- 
rectus distance to vary at certain points in the 
respiratory cycle [18]. Attention should be paid 
to these variables in patients requiring compari-
sons of repeat or serial imaging to ensure 
control.

 Radiograph (X-Ray)

Radiograph, or X-ray, may be used to measure 
the linea alba and inter-rectus distance both in 
patients with suspected rectus diastasis or in 
those who have undergone corrective surgery 
who require postoperative imaging. The use of 
plain abdominal radiograph taken in the supine 
position has been described for these purposes.

The only reported method for imaging the 
linea alba with X-ray is by using metal or radio- 
opaque clips or markers. Placement of radio- 
opaque clips may be done in situ during surgical 
repair of rectus diastasis, wherein these clips are 
placed along the medial edge of the rectus after 
plication is performed. In addition to measuring 

Fig. 26.1 Direct intra-operative measurements of the 
inter-rectus distance can be done using tools such as a 
ruler or caliper. In this patient with rectus diastasis noted 
on clinical exam preoperatively, the inter-rectus distance 
was directly measured to be 5 cm. The ruler sits with its 
edges at the medial borders of the rectus abdominis 
muscles

Fig. 26.2 The medial borders of rectus abdominis mus-
cles are outlined with ink along their entire length, reveal-
ing separation of the muscle bellies away from the 
midline
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the distance between the medial edges of the rec-
tus muscle, the vertical distance of the linea alba 
may also be discerned. Shortening of the vertical 
length of the linea alba is also achieved during 
surgical plication and is clinically important in 
achieving tightening and stabilization of the 
abdominal wall. Radio-opaque markers placed at 
the cranial and caudal ends of the linea alba after 
surgical plication provide landmarks for assess-
ing the vertical length.

Direct measurements of the distance between 
clips on the actual radiograph do not necessarily 
correlate with the actual in situ distance between 
clips. Radiographic magnification should be cor-
rected by comparing the actual length of the clip 
(known at the time of placement) to the measured 
length of the clip on the radiograph. Using the 
appropriate multiplier, the in situ distance 
between clips can be calculated. In this way, the 
inter-rectus distance or the vertical length of the 
linea alba can later be imaged in the case of sus-
pected clinical recurrence of rectus diastasis, or 
for study purposes.

The longest reported follow-up imaging using 
X-ray was obtained 1 year postoperatively after 
abdominal wall plication. It is unclear if the accu-
rate representation of significant diastasis (> 
3  cm) is able to be captured using radiographs 
alone. Agreement between independent raters 
has been reported to be acceptable, though this 
methodology of assessing rectus diastasis using 
metal markers and radiographs has not been vali-
dated [19–21]. Although feasible, current 
advancements in imaging techniques make the 
use of X-rays less likely to be utilized for the pur-
pose of imaging rectus diastasis or for obtaining 
anatomic measurements of the inter-rectus 
distance.

 Ultrasound

Ultrasound (US) is a frequently employed imag-
ing modality to evaluate rectus diastasis. There 
are more data in the literature evaluating ultra-
sound measurement of the inter-rectus distance 
than any other imaging modality. Overall, ultra-
sound has been shown to be reliable when used 

by a sonographer with experience in imaging the 
abdominal wall [16]. Level 4 evidence shows that 
high-frequency US is helpful in diagnosing and 
measuring rectus diastasis, and the IEHS recom-
mends its use [12, 16].

There are anatomic considerations when using 
ultrasound to image the anterior abdominal wall 
structures. On ultrasound, fascia will appear 
hyperechoic (bright) and muscle will appear 
hypoechoic (dark). The medial border of the rectus 
can be easily identified based on this, as the ante-
rior and posterior rectus sheaths fuse into the linea 
alba at the midline (Fig. 26.3, Video 26.1). Intrinsic 
muscle quality changes with age or disease, so 
there may be a replacement of the normal water 
content with fibro-fatty tissue, causing muscle to 
appear more hyperechoic and blurring the sharp 
demarcation between muscle and fascia [22]. 
Moving from the umbilicus inferiorly towards the 
pubic symphysis, there is a normal thinning and 
then absence of the posterior rectus sheath. This 
causes a loss of echogenicity and may contribute 
to increased difficulty in visualizing the fascial 
borders in this area. This has been shown to result 
in greater variability in measurements of the inter-
rectus distances at these levels [23]. Additionally, 
there may be significant limitations in using ultra-
sound to measure the inter-rectus distance in 
patients with significant abdominal wall adiposity 

Fig. 26.3 Ultrasound is a frequently used imaging 
modality and is able to easily demonstrate the hypoechoic 
rectus abdominis muscle belly (yellow arrow) and the 
hyperechoic fascia of the linea alba (red arrow). Note the 
medial confluence of the anterior and posterior rectus 
sheaths in the midline which form the linea alba. The 
inter-rectus distance in this patient is widened (medial 
edge of the contralateral rectus muscle is not visible)
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or a BMI of 30 kg/m2 or greater. It is also impor-
tant to note the surgical history of the patient, as 
postsurgical scarring can contribute to difficulty in 
accurately defining the borders of the rectus. This 
can be particularly so in patients who are postpar-
tum and have undergone Cesarean section, further 
contributing to difficulty in imaging the infra-
umbilical region [24–27].

Patient positioning should be considered when 
using ultrasound to evaluate rectus diastasis. 
While resting supine with the arms at the side and 
the knees bent at 90 degrees, the patient is argu-
ably relaxed with no contraction of the abdomi-
nal wall musculature. This is the most commonly 
described patient position. Attention should also 
be paid to when in the respiratory cycle measure-
ments are taken [28]. Image capture at the end of 
passive exhalation arguably gives a picture of the 
most relaxed state of the abdominal wall [29].

There are a multitude of ultrasound probes 
and settings available to image the soft tissue of 
the anterior abdominal wall. Two-dimensional 
brightness (B) mode is the most frequently 
described, wherein sound waves are reflected 
back towards the probe in different intensities 
based on the intrinsic properties of the tissues. 
High-frequency linear transducers consisting of 
3–10 megahertz (MHz), 4–13  MHz, and 
5–10 MHz probes have been described in the lit-
erature for the purpose of assessing the inter- 
rectus distance specifically. Linear probe sizes 
range in width and length and there are various 
sizes appropriate for this type of abdominal wall 
imaging [24, 27, 29].

Operator technique plays a role in any ultra-
sound exam, and also applies to imaging of rectus 
diastasis. The ultrasound transducer can be posi-
tioned transversely (perpendicular to the axis of 
the linea alba) in the midline of the abdominal 
wall at set points, and then moved laterally to the 
medial edge of the rectus. Image distortion can 
occur if movement of the transducer by the oper-
ator is not smooth or steady [24]. The examiner 
should also be cognizant of the external pressure 
being placed on the abdominal wall, as signifi-
cant downward pressure may cause flattening or 
widening of the rectus, thereby changing the 
inter-rectus distance [29].

Ultrasound use may be difficult if the inter- 
rectus distance is very wide. In patients with 
severe rectus diastasis with widths up to or 
greater than 5 cm, the entire width of the rectus 
may not be captured on a standard ultrasound 
probe. Ultrasound techniques to increase the 
field of view include the use of an acoustic 
standoff pad, which increases the distance 
between the probe surface and underlying tissue 
in question, in this case, the linea alba and the 
distance between the rectus muscles [12, 24]. 
Another way to extend the field of view is by 
panoramic technology, wherein multiple adja-
cent images are synthesized to create a final 
composite image over a distance that is larger 
than able to be captured singly by the probe. 
These techniques have been used in imaging 
other larger muscle bellies such as the quadri-
ceps. Conventional ultrasound and extended 
field-of-view techniques have been compared 
for both validity and internal consistency with 
regard to imaging the anterior abdominal wall 
for rectus diastasis. Both panoramic ultrasound 
and use of an acoustic standoff pad to extend the 
field of view have been deemed equivalent and 
reliable compared to standard ultrasound imag-
ing techniques for evaluating the inter-rectus 
distance. Of note, there is a decrease in image 
quality when using an acoustic standoff pad, 
likely due to artifacts imposed by the additional 
physical barrier of the standoff pad and from 
signal attenuation, as a result of the increased 
distance the sound waves must travel [24].

Ultrasound is the only imaging modality that 
is able to capture both static and dynamic images 
in real time. Its use has been described to evaluate 
the movement of the rectus edges and the changes 
in the linea alba as a result of various active 
movements. Exercise tasks such as abdominal 
crunch, drawing in of the abdominal wall, pelvic 
floor contraction, and head lift all cause changes 
in the inter-rectus distance. These tasks generally 
lead to contraction of the rectus abdominis mus-
cles and the shortening of the inter-rectus dis-
tance. Conversely, activation of the transversus 
abdominis muscles acts to pull the abdominal 
wall in the transverse direction (lateral vector of 
pull) and leads to widening of the linea alba. 
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Variations in linea alba appearance during a task 
have been described as minimally distorted, fol-
lowing a smooth curved path ventrally or dor-
sally, or as having an undulating appearance. In 
addition, during tasks where the inter-rectus dis-
tance is shortened, this may lead to increased 
overall distortion of the line alba (in the ventral- 
dorsal plane), though this does not appear to 
functionally affect abdominal wall stability.

Generally, the inter-rectus distance is smaller 
in nulliparous females compared to males and 
parous females, and this has been seen in both the 
resting and contractile states [5]. Ultrasound 
measurements obtained during these active tasks 
have been compared to direct measurement and 
produce reliable and comparable results [25, 29, 
30]. There has been variation reported at the 
infra-umbilical level, where ultrasound measure-
ments of the inter-rectus distance may not corre-
late as well to other methodologies [22]. These 
imaging findings are used to guide targeted ther-
apy for musculoskeletal rehabilitation in patients 
with rectus diastasis [31].

Ultrasound measurements have also been 
applied to ascertain the physical characteristics 
of the linea alba in patients with rectus diastasis. 
Shear-wave elastography is an ultrasound tech-
nique that is able to measure tissue stiffness or 
deformability and has been applied to the linea 
alba specifically. The distortion index is a calcu-
lation based on the area of the linea alba seen on 
ultrasound. This index estimates linea alba dis-
tortion at the time of tension and measures the 
average deviation of the path of the linea alba 
from the shortest path between its attachments. 
Women with rectus diastasis have been shown to 
have a lower measure of stiffness and a signifi-
cant distortion of the linea alba on exercise tasks 
compared to individuals without diastasis. In 
women without pathologic rectus diastasis, the 
stiffness of the linea alba is greatest during exer-
cise tasks [31–33].

Ultrasound measurements have been com-
pared against direct intraoperative measurements 
of the inter-rectus distance. Direct intraoperative 
measurement is performed using calipers or a 
ruler at the time of surgical intervention, where 
the rectus fascia and linea alba are exposed 

directly after elevating the subcutaneous tissue 
and skin during abdominoplasty. There may be 
variability in measurements obtained in these two 
settings when looking at the region below the 
umbilicus. Methods of direct intra-operative or in 
situ measurement may also yield greater inter- 
rectus distances compared to ultrasound, though 
the magnitude of difference has been reported to 
be small [26, 28].

Ultrasonography has been used to provide 
anatomic measurements in preoperative planning 
and has been described for use in children with 
congenital abdominal wall anomalies, such as 
omphalocele with associated rectus diastasis. 
Ultrasound in this case is able to provide ample 
information on the abdominal wall anatomy for 
preoperative planning and is useful in compli-
cated patients such as those planning to undergo 
repair of omphalocele defects [34].

Ultrasound can also be used in the postopera-
tive phase to confirm the suspected clinical recur-
rence of rectus diastasis [35, 36]. It also can be 
used to guide physical therapy in patients under-
going abdominal wall strengthening for rectus 
diastasis. In pregnant patients, abdominal wall 
activation with rectus contraction (abdominal 
crunch) has been shown over time to decrease the 
inter-rectus distance at points above and below 
the umbilicus. Conversely, drawing in, or 
repeated activation of the transversus abdominis 
muscle can lead to a widening of the inter-rectus 
distance below the umbilicus, which is likely 
explained by the anatomy in this region as the 
linea alba thins out [23].

 Computed Tomography (CT)

Computed tomography (CT) is widely used today 
in imaging the abdomen. The use of intravenous 
contrast is not required to assess rectus diastasis 
or to measure the inter-rectus distance, as there is 
high attenuation between the muscle and fascia at 
baseline. Standard CT imaging using millimeter 
cuts is sufficient for evaluating rectus diastasis 
(Figs. 26.4, 26.5, and 26.6). It is possible in coop-
erative patients to obtain CT images during vari-
ous points of the respiratory cycle, which affects 
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Fig. 26.4 CT abdomen in a patient with ventral hernia 
and concomitant rectus diastasis. This axial cut shows the 
thinned rectus abdominis muscle bellies (yellow arrows) 
and a widened linea alba between them (red arrow)

Fig. 26.5 CT abdomen in the same patient in the sagittal 
plane showing a splaying of the rectus abdominis muscles 
(yellow arrows)

Fig. 26.6 CT abdomen in the same patient displaying the 
inferior attachment of the paired rectus abdominis mus-
cles (yellow arrows) at the pubic symphysis, and a widen-
ing of the inter-rectus distance

the intra-abdominal pressure and the inter-rectus 
distance. CT also has the added benefit of ruling 
out any associated intra-abdominal pathology or 
hernias in patients where there is clinical con-
cern. In addition, CT scan of the abdomen is not 
overly time-consuming to perform, and there is 
no operator dependency as with ultrasound 
(Video 26.2).

The downsides to CT imaging include cost 
and patient exposure to radiation. There are ways 
to decrease radiation exposure from CT, such as 
obtaining single slice images at predefined points 
of interest along the linea alba. These points can 
be tagged within the imaging system using a 
bony landmark for reference, as the bony 
 landmark is not mobile and will allow for repeat 
imaging at the same axial level. These prespeci-
fied points can be imaged at multiple time points 
or after an intervention that has addressed the 
diastasis [37]. Despite the ability to limit the 
amount of radiation exposure with single slice 
imaging, CT still may not be the best imaging 
choice in patients requiring repeated interval 
assessment of rectus diastasis, nor is it advised in 
pregnant patients. However, CT is generally the 
preferred imaging modality in patients with sus-
pected hernias and may incidentally capture 
information about a rectus diastasis as well, 
either alone (if the patient is obese and physical 
exam is confounded), or within the context of a 
true hernia (Fig. 26.7).

As with ultrasound, variability in measuring 
the infra-umbilical inter-rectus distance has also 

26 Diastasis Recti



308

Fig. 26.7 CT abdomen showing severe rectus diastasis 
with significant displacement of the rectus abdominis 
muscle bellies (yellow arrows). This patient also had a 
large ventral wall hernia inferior to the level shown

Fig. 26.8 MR image performed in the T1 phase. In this 
phase, the rectus abdominis muscles (yellow arrows) are 
bright

Fig. 26.9 MR image performed in the T2 phase in the 
same patient displaying rectus diastasis (red arrow). The 
rectus muscles (yellow arrows) appear dark due to high 
water content

been reported when using CT exam at various 
distances between the umbilicus and pubic sym-
physis. These variations were noted when com-
paring direct measurement techniques to 
CT-obtained measurements, with some reports of 
underestimation of the inter-rectus distance on 
CT.  In one study, the largest variation reported 
between measurement modalities was 0.3  cm, 
which is unlikely to translate to clinical relevance 
in the operative setting [38, 39].

 Magnetic Resonance Imaging (MRI)

Reports of the use of magnetic resonance imag-
ing (MRI) for the assessment of musculoskeletal 
abdominal wall characteristics are limited. This 
is possibly due to numerous factors, such as the 
increased cost and time required to perform this 
exam. On the other hand, there is no radiation 
exposure risk to the patient, nor is there operator 
dependency as there is in ultrasound. This may 
make MRI a more desirable choice for patients 
undergoing repeat studies for investigative 
research purposes.

MRI may have more use in neonates with con-
genital abdominal wall deformities. There has 
been case reports of this use in patients with 
Prune Belly Syndrome (Eagle-Barrett Syndrome) 
and Pseudo Prune Belly Syndrome. MRI was 
specifically used in these cases to define anatomy 

related to the abnormal anterior abdominal wall, 
in addition to aiding in preoperative planning [7]. 
Ultrasound does have a similarly effective use in 
these patients as well.

The use of MRI to investigate rectus diastasis 
and to measure the inter-rectus distance has been 
described similarly to other imaging techniques. 
Various points along the linea alba between the 
xiphoid, umbilicus, and pubic symphysis are able 
to be targeted for measurement in both pre- and 
post-intervention states. Both T1- and 
T2-weighted thin slice images can be used. MRI 
also has the benefit of being able to image the 
entire abdomino-pelvic anatomy, much like CT 
scan (Figs.  26.8 and 26.9). MRI has also been 
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used to compare pre- and postoperative abdomi-
nal girth in the antero-posterior (AP) and trans-
verse dimensions in patients undergoing surgical 
repair of rectus diastasis [17].

 Operative Repair of Rectus Diastasis 
and Appearance on Imaging

There are various techniques described for the 
repair of rectus diastasis [40]. It is important to 
know the surgical history in patients undergoing 
postoperative imaging after rectus diastasis 
repair, as there may be differing appearances on 
imaging based on the repair performed.

The most commonly employed and traditional 
method of repair is standard abdominoplasty 
where the subcutaneous tissue and skin are ele-
vated revealing the anterior abdominal wall fas-
cia and linea alba directly. The attenuated linea 
alba is then plicated and the inter-rectus distance 
is shortened by bringing the medial borders of the 
rectus back to midline. This is done using single 
or multilayer permanent sutures. Suture plication 
is generally done vertically, from xiphoid to 
pubic symphysis, leaving the umbilical stalk free 
to be reset on the anterior abdominal wall. 
Depending on the laxity and excess of the attenu-
ated linea alba, plication can also be done hori-
zontally, obliquely, or in combination (Figs. 26.10 
and 26.11). Afterward, the skin and subcutaneous 
tissue are redraped, pulled taught, and the excess 
tissue trimmed. The new position of the umbili-
cus is marked on the skin and a hole is cut out so 
that the umbilicus can be fixed in place [41]. 
“Stapler abdominoplasty” is described mostly in 
the setting of minimally invasive endoscopic 
approaches wherein a linear cutting stapler is 
used to trim and remove the excess attenuated 
linea alba fascial tissue [42]. Permanent sutures 
are not likely to be visible on imaging techniques, 
though staple lines will be. In either, the medial 
borders of the paired rectus with interposing fas-
cia will be identifiable after diastasis repair, as it 
is preoperatively. Additionally, when the existing 
linea alba is only plicated and not resected, 

infolding of that fascial tissue will be visible and 
identifiable, giving hint to the radiologist that sur-
gical plication was performed.

Repair of rectus diastasis with the use of mesh 
also commonly occurs. Mesh reinforcement, 

Fig. 26.10 Traditional abdominoplasty involves eleva-
tion of the subcutaneous tissue and skin off of the anterior 
abdominal wall fascia revealing the attenuated linea alba 
at the midline. The entire length of the rectus diastasis is 
exposed, from xiphoid process to pubic symphysis. 
Standard surgical repair techniques for rectus diastasis 
include single or double-layer plication with permanent 
sutures. This is performed from the xiphoid process supe-
riorly, coursing around the umbilicus, and completing the 
plication all the way down to the pubic symphysis

Fig. 26.11 Final postoperative view after abdominal pli-
cation for rectus diastasis. The medial edges of the rectus 
have been brought back to midline, decreasing the inter- 
rectus distance and tightening the abdominal wall. By 
nature of the plication, the vertical distance of the linea 
alba is effectively decreased as well, contributing to 
abdominal wall stability
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placed either open or minimally invasively (lapa-
roscopic or endoscopic) has been deemed safe in 
the correction of rectus diastasis and may have 
use in more severe cases. Mesh may be placed in 
multiple different planes along the abdominal 
wall [10]. Mesh may be used in the repair of con-
comitant ventral hernias and can be located in the 
retrorectus plane, intra-peritoneal, or in pre- 
peritoneal plane. Mesh can also be placed as an 
onlay, sitting on top of the anterior rectus fascia 
and reinforcing an underlying primary repair of 
diastasis [42, 43].

Various mesh material may be used in the ven-
tral abdominal wall, both permanent and absorb-
able. Depending on the time frame of imaging and 
the type of mesh used, mesh may or may not be 
visible on imaging studies, or may have the 
appearance of scar tissue. Mesh may also be seen 
in various planes of the abdominal wall 
(Fig.  26.12). In addition, mesh fixation can be 
done with permanent or semi-permanent suture 
material, absorbable or nonabsorbable tacks, or 
glue products [44]. These possibilities should be 
noted as fixation methods also may or may not be 
visible on currently available imaging modalities. 
Surgical drains are commonly used in these surgi-
cal procedures and may also be placed in various 
planes, so their presence should be noted during 
postoperative imaging exams as well [45, 46].

 Assessing Clinical Outcomes

Postoperative imaging (US, CT, MRI) has been 
used in the literature to provide objective out-
come measures after surgical intervention for 
rectus diastasis [14, 37].

Recurrence of rectus diastasis after surgical 
repair is a possibility and is concerning to both 
patient and clinician. Confirmation of a postop-
erative recurrence may be difficult as the clinical 
exam alone may not be as reliable in the postop-
erative state. In the immediate months after stan-
dard abdominoplasty, there is anterior abdominal 
wall swelling that may be particularly or asym-
metrically prominent above the umbilicus. This 
can persist for months, and it is difficult in this 
time frame to assess unanticipated recurrence of 
rectus diastasis or failure of surgical repair [2]. 
Imaging in this case is able to provide a detailed 
view of the abdominal wall and inter-rectus dis-
tance, where physical exam and direct measure-
ment cannot.

The use of ultrasound, CT, and MRI for the 
detection of postoperative recurrence of rectus 
diastasis has been reported. Overall, the longev-
ity and durability of rectus diastasis repair is 
good with current surgical repair techniques. 
This has been confirmed by multiple studies 
using various imaging techniques to provide 
objective measurements of the inter-rectus dis-
tance [17, 35, 37, 39, 40, 44, 47, 48].

It may not be possible to compare a patient’s 
pre- and postoperative inter-rectus distance. 
Many patients do not routinely undergo preoper-
ative imaging prior to abdominoplasty, nor is the 
inter-rectus distance measured routinely as part 
of the surgical procedure. In cases with concern 
for possible postoperative recurrence, imaging 
will provide an accurate measure of the inter- 
rectus distance, but it is difficult to know how this 
may have compared to preoperative values. In 
these instances, the classification systems 
described earlier in this chapter may be useful in 
determining the pathologic widening of the dias-
tasis. Studies have used classification systems as 
well to define recurrence [2, 49, 50].

Postoperative complications other than recur-
rence of rectus diastasis can also occur, and the 

Fig. 26.12 CT abdomen showing significant splaying of 
the rectus abdominis muscles (yellow arrows), an attenu-
ated linea alba (red arrow), and an intra-peritoneal inlay 
mesh (blue arrow). In this case, a biologic mesh was used 
and is visible on this CT scan performed 1  year 
postoperatively
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presence of pain, new onset swelling, or other 
concerning symptoms warrants investigation. CT 
scan is the most commonly performed test for 
imaging the symptomatic abdomen, and may be 
beneficial over ultrasound exam as it gives a more 
global picture and is better able to rule out seri-
ous intra-abdominal pathology. In patients who 
have undergone diastasis repair, seroma is one of 
the more common complications and is readily 
imaged on US and CT scans [41, 51–53].

 Conclusion

Agreement and standardization of the classifica-
tion of rectus diastasis is currently lacking in the 
literature and in practice. Overall, published lit-
erature dating back from the 1980s on the topic 
of rectus diastasis and surgical repair is mostly 
case-based and retrospective, with few prospec-
tive studies. Imaging studies most commonly 
used to image the musculoskeletal abdominal 
wall are CT and US. These imaging modalities 
are able to provide detailed images and specific 
measurements of the inter-rectus distance under 
varying conditions, and can aid in operative plan-
ning. There is a large role for postoperative imag-
ing to provide objective outcome measures, to 
compare different types of surgical intervention, 
and to assess complications [14, 15, 54, 55].
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27Athletic Pubalgia

Matthew Peacock and Brian P. Jacob

 Introduction

There are a variety of terms used synonymously 
with athletic pubalgia including “sports hernia” 
or “hockey groin” and “Gilmore’s groin.” These 
describe a condition characterized by persistent 
pain in the groin without a definitive hernia typi-
cally in competitive athletes which has gained 
increasing attention since its first description in 
1980 as a source of disability and time lost from 
athletics [1]. The interchangeable use of these 
terms can confound the imaging evaluation, but 
the term sports hernia has come to refer to a pos-
terior inguinal wall deficiency whereas athletic 
pubalgia is a general term for groin pain in ath-
letes rather than a specific diagnosis. The true 
incidence of athletic pubalgia is difficult to evalu-
ate given the lack of uniform definition, but it is 
estimated to be in approximately 50–80% of ath-
letic patients presenting with chronic groin pain 
of unknown etiology [2, 3]. Sports hernias are 

more common in men and in athletes participat-
ing in sports including but not limited to hockey, 
soccer, rugby, and football in which athletes tend 
to bend or lean forward. Risk factors for injury 
were assessed in hockey players and found play-
ers with prior injury, those who did not aggres-
sively train in off season and age as factors 
predictive of groin injury [4].

 Mechanism/Presentation

There are several hypotheses for the mechanisms 
of athletic pubalgia including increased tension 
in the groin due to strenuous activity which 
causes tears to the supporting structures of the 
inguinal area to loss of hip motion causing pubic 
symphysis stress and instability [5]. Another pro-
posed mechanism is nerve compression or con-
joined tendon inflammation which was supported 
in a study using radiofrequency denervation 
(RFD) of the ilioinguinal nerve and inguinal liga-
ment. This study found RFD treatment to be 
associated with significant improvement above 
baseline at an interval of up to 6 months using 
pain and function scoring systems. Although 
multiple hypotheses exist, the underlying etiol-
ogy is abnormal tension in the inguinal canal 
causing pain which may present as tears in the 
external oblique, conjoined tendon, inguinal liga-
ment, or posterior abdominal wall weakness 
without true herniation (Fig. 27.1) [6].
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Fig. 27.1 Inguinal 
anatomy. Injury at 
tendons (arrows) 
implicated in athletic 
pubalgia

The presentation of patients can be variable but 
typically patients complain of gradually increasing 
activity-related lower abdominal or adductor-
related pain. Symptoms may be exacerbated by 
coughing and athletes may complain of radiation of 
pain to the groin or thigh possibly representing 
nerve entrapment. Patients with lateral pain with sit-
ting, flexion, or abduction should be evaluated for 
intra-articular hip pathology as well.

 Diagnosis

Eliciting patient history is the first step in diagno-
sis and it is important to determine the location of 
the patient’s pain. Diagnosis of sports hernia can 
be made based on the following history and exam 
findings

 1. Supra-inguinal exercise-related groin pain.
 2. Tenderness to palpation at the pubic tubercle 

or at the deep inguinal ring or at the adductor 
longus tendon.

 3. Abnormal conjoint tendon on imaging or 
physical exam and a bulge of the posterior 
inguinal wall when contracting the abdominal 
muscles on dynamic imaging.

The first imaging modality chosen is usually 
radiographs of the pelvis and hip to evaluate the 
osseous structures and rule out other diagnosis 
[7]. Ultrasound and computed tomography (CT) 
are useful in delineating the anatomy and can 
show an inguinal bulge that is not appreciated on 
examination [8]. Magnetic resonance imaging 
(MRI) typically is considered the gold standard 
for the evaluation of musculoskeletal pelvic pain.

 Evaluation: Imaging Modalities

 Magnetic Resonance Imaging

Given the small nature of the inguinal region, 
subtle changes can be missed with a standard pel-
vis protocol. Although it is institution-specific, 
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generally a 3 mm slice thickness and anterior sur-
face coil are recommended and gadolinium can be 
given to highlight capsular and tendinous inflam-
mation although its routine use is not required [8]. 
MRI was associated with a sensitivity of 68% and 
100% specificity for rectus abdominis tendon 
injury and 86% sensitivity and specificity of 89% 
for adductor tendon injury in a retrospective 
review [9]. Attention is focused initially on the 
pubic symphysis for bone marrow edema location 
and symmetry and for degenerative changes such 
as subchondral sclerosis and osseous erosions 
[10]. The presence of an accessory cleft reflecting 
an adductor enthetic microtear may be present as 
fluid or near fluid signal under the anterior or infe-
rior pubic bone and often identifies the site of pain 
[11]. The morphology and signal intensity of the 
rectus abdominis attachments to the superior 
pubic rami, adductor tendon origins, and the 
inguinal canal are reviewed.

 Osteitis Pubis
Osteitis pubis represents painful inflammation 
and/or degenerative changes at the area of the 
pubic symphysis and/or parasymphyseal bone 
which is thought to be a result of repetitive micro-
trauma. Traditionally osteitis pubis has been 
investigated using anteroposterior radiographs 
and 99mTc-methylenediphosphonate triple- 
phase bone scans [12]. Findings on radiograph 
include widening of the symphysis, sclerosis, 
cystic changes, or marginal erosions in the sub-
chondral bone. Flamingo view x-rays can be 
obtained to evaluate for pelvic instability defined 
as vertical shift greater than 2  mm, widening 
greater than 7  mm across the pubic symphysis 
while standing on one leg [12]. MRI has become 
the imaging modality of choice as it has superior 
visualization of soft tissue and changes within 
the bone marrow than radiographs. Findings on 
MRI of osteitis pubis include bilateral subchon-
dral bone marrow edema reminiscent of osteoar-
thritis with higher intensity corresponding to the 
side of pain (Figs. 27.2 and 27.3). It is important 
to differentiate between acute osteitis pubis 
which includes findings of bone marrow edema 
that can be seen as a linear high T2 signal inten-

sity in the parasymphyseal pubis or fluid within 
the pubic symphysis and chronic osteitis which 
include findings of subchondral sclerosis, bony 
irregularity, and osteophytes [13, 14]. The bone 
marrow edema seen in the pubic bones is usually 
relatively symmetric in osteitis pubis in athletes 
[14]. A distinct band of linear high T2 signal at 
the parasymphyseal bone parallelling the sub-
chondral bone plate at the pubis has been 

Fig. 27.2 Patient with chronic right groin pain found to 
have right-sided osteitis pubis. MRI finding of higher 
intensity on the right consistent with bone marrow edema

Fig. 27.3 Bone marrow edema spanning the joint ante-
rior to posterior. Bilateral osteitis pubis (red arrow corre-
sponding to the area of inflammation)
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described in most symptomatic athletes and may 
be more clinically relevant than bone marrow 
edema [15].

 Rectus Abdominis and Adductor 
Pathology
Rectus abdominis and adductor longus pathology 
are one of the common causes of athletic pubal-
gia as injury to the common aponeurosis between 
rectus and adductor can result in groin pain 
(Fig. 27.4). Acute and chronic rectus abdominis 
strain injury can be differentiated by evaluating 
the signal of the caudal rectus abdominis muscle 
in which acute injury would have abnormal T2 
signal and chronic appearance being hypertro-
phic or atrophic morphology. Focus on the caudal 
tendinous attachment is important as this is com-
monly a source of pain and instability at the pubic 
symphysis when a tear is present [10]. Rectus 
abdominis commonly extends into the adductor 
longus origin and findings on MRI include 
enlargement and signal abnormalities which can 
represent acute injury such as osseous avulsion at 
tendon origin or myotendinous strains. MRI was 
evaluated in a series of 52 athletes with chronic 
groin pain and the extent and laterality of the 
anterior pubis and adductor longus enthesis 
abnormality demonstrated reproducible correla-
tion with the athletes’ symptoms [16]. A distal 
rectus abdominis tear or detachment with an 
adductor longus origin tear is one of the most fre-
quently encountered lesions on MRI done for 
athletic pubalgia and likely reflects the previ-

ously described sportsman hernia (Fig.  27.5) 
[17]. This injury also frequently involves a lateral 
edge defect at the caudal aspect of the rectus 
abdominis extending into the origin of the adduc-
tor longus manifesting as an interstitial tear [10]. 
Patients with this injury are more likely to be 
treated with surgery than with isolated adductor 
or rectus injury [18].

 Rectus Abdominis/Adductor 
Aponeurotic Plate Disruption
Bilateral caudal rectus detachment that spans 
midline is a consistent finding on MRI for an 
aponeurotic plate disruption [19]. It is important 
to exclude extension across the midline and 
involvement of the contralateral rectus abdominis 
if a unilateral aponeurosis lesion is identified. 
Osteitis pubis is also commonly seen in associa-
tion with these lesions (Figs.  27.6 and 27.7). 
Surgical intervention is common in athletes with 
these findings as it is rare to return to optimal per-
formance without intervention.

 Postoperative MRI
Unilateral pelvic floor repair in patients with ath-
letic pubalgia is estimated to have approximately 
4% chance of developing contralateral groin 
injury or recurrent ipsilateral pubalgia [18]. One 
of the most frequently encountered injuries after 

Fig. 27.5 A distal rectus abdominis tear or detachment 
with an adductor longus origin tear is one of the most fre-
quently encountered lesions on MRI. The aponeurosis has 
been avulsed from the pubic tubercle (white arrow) with 
edema extending well into the adductor compartment 
(blue arrowheads)

Fig. 27.4 Rectus abdominis and adductor longus anat-
omy on sagittal view: pathology here is one of the com-
mon causes of athletic pubalgia
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Fig. 27.6 Chronic left rectus and adductor aponeurotic 
detachment with subendothelial bone marrow edema at 
the left pubic tubercle (white arrow) and T2 hyperintense 
gap between the aponeurosis and pubic periosteum (blue 
arrowhead)

Fig. 27.7 Sagittal view of aponeurotic plate avulsion

Fig. 27.8 Normal sonographic appearance of the apo-
neurosis (white arrow). Rectus and adductor longus 
(ADD) muscles shown

repair is a myotendinous strain in the thigh 
adductor compartment and commonly at the 
proximal myotendinous junction of the adductor 
longus. Because of this, it is important for any 
postoperative MRI for athletic pubalgia to include 
imaging of the proximal thigh. The extent of 
edema secondary to osteitis pubis is a useful indi-
cator of the success of surgical treatment [10]. 
Bone marrow edema typically decreases after 
surgery since the preoperative MRI in the major-
ity of patients and in one series subjects who had 
worsening osteitis on postoperative MRI were 
ultimately diagnosed with a new rectus abdomi-
nis/adductor aponeurosis tear [20]. MRI second-
ary cleft on the side of surgery is expected after 

repair of aponeurosis tear but should exhibit 
intensity less than that of fluid on T2-weighted 
fat suppressed musculoskeletal imaging [10].

 Ultrasound

Ultrasound has some advantages when compared 
to MRI including flexible fields-of-view and 
dynamic imaging techniques that can make it a 
useful adjunct in the diagnosis of patients with 
athletic pubalgia [21]. Ultrasound also has the 
advantage of correlating findings in real time 
with a patient’s location of symptoms and the 
ability to image during a valsalva maneuver. 
Initial evaluation includes the rectus abdominis 
muscle in both axial and sagittal planes and 
assessment of the aponeurosis in two sets of 
orthogonal planes (Fig.  27.8) The transducer is 
moved to an oblique sagittal orientation to assess 
the adductor longus and then turned 90 degrees to 
assess the adductor longus tendon in the trans-
verse plane [21]. It is important to aim the trans-
ducer as parallel as possible to the long axis of 
the tendon to minimize anisotropy which may 
result in artifactual hypoechogenicity which can 
be misinterpreted as tendinosis or a tear [22]. The 
inguinal region is then examined for inguinal or 
femoral hernias during static assessment and dur-
ing valsalva maneuver. A thin echogenic band 
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with parallel fibers represents the inguinal liga-
ment and the posterior wall of the canal is 
assessed for bulging with valsalva which is asso-
ciated with athletic pubalgia [23]. Targeted 
 sonographic examination should then be per-
formed at any focal reported area of pain.

 Osteitis Pubis
Ultrasound is limited in its assessment of bony 
structures relative to MRI as it does not penetrate 
the osseous cortex. There are still several sono-
graphic findings for osteitis pubis based on sur-
face morphology including subchondral plate 
irregularity, pubic symphyseal effusion, spurring, 
and diastasis of the symphysis [23]. Doppler 
imaging is also useful and may reveal periarticu-
lar hyperemia indicating active associated 
arthropathy [21].

 Rectus Abdominis-Adductor Longus 
Aponeurosis Injury
The rectus abdominis-adductor longus aponeuro-
sis is imaged from an anterior approach with the 
patient in supine position with hips abducted and 
externally rotated (Fig. 27.8). Finding of a tear on 
MRI corresponded to a secondary cleft at the 
inferior margin of the anterior pubic body and the 
analogous finding on ultrasound includes a focal 
anechoic defect at the origin of the adductor lon-
gus aponeurosis [21]. The adductor tendon can 
also be found to be completely avulsed from the 
pubis in some cases. Tendon hypoechogenicity, 
thickening, and loss of normal fibrillar echotex-
ture can be seen in areas of tendinosis. Tendon 
mineralization can be seen and if pronounced 
may be the etiology of pain from calcific tendino-
sis. Color doppler can find periarticular hyper-
emia and other findings to support an injury 
including spurring of the pubic body or pubic 
symphyseal effusion. Injury to the rectus abdom-
inis portion of the aponeurosis can be seen as an 

anechoic defect on sonography similar to the 
adductor longus findings previously described.

 Sports Hernia on Dynamic Sonogram
Ultrasound examination allows for the assessment 
of the transversus muscle and rectus abdominis 
muscle in normal condition and also in the pres-
ence of a sports hernia during increased intra-
abdominal pressure. During the operation for 
sports hernias, a subjective finding of weakness of 
the posterior inguinal wall has been described and 
dynamic conditions such as coughing and valsalva 
maneuver during sonography can elicit this laxity 
[24]. Several studies have also described a poste-
rior wall bulge of preperitoneal fat through the 
deep inguinal ring or Hasselbach’s triangle during 
increased abdominal pressure (Figs.  27.9 and 
27.10) [25, 26]. Ultrasound is also useful to 
exclude the diagnosis of inguinal hernia which is 
in the differential diagnosis of patients with groin 
pain (Video 27.1). Findings of a conjoint tendon 
tear or external oblique aponeurosis tear have also 
been described on sonogram and can be seen as a 
localized hypoechoic thickening of the conjoint 
tendon [27].

 Ultrasound-Guided Intervention
Sonography provides an ideal modality for image-
guide interventions for athletic pubalgia given the 
real-time imaging and lack of radiation. Intra-
articular injection in the pubic symphysis for oste-
itis pubis and injections into the adductor longus 
tendon are the most commonly performed inter-
ventions [28]. Typically, a high-frequency linear 
probe is placed cephalad at the pubis and the nee-
dle is advanced to the probe with injection of 
anesthetic and cortisone into the symphysis. An 
adductor tendon injection is performed with sagit-
tal oblique positioning of the transducer to image 
the tendon in longitudinal axis with the target 
typically at the origin of the pubic tubercle [29].
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a b

Fig. 27.9 Dynamic ultrasound showing posterior wall 
bulge of preperitoneal fat through the deep inguinal ring 
or Hasselbach’s triangle during increased abdominal pres-

sure. (a) is the canal when resting showing no posterior 
wall bulge. (b) is during valsalva/straining showing the 
bulge representing wall axity

Fig. 27.10 Sports hernia on MRI

 Computed Tomography 
Arthrography

CT-guided pubic symphyseal injection and con-
current arthrography has been proposed as an 
imaging modality to help identify tendon and 
aponeurosis tears that were not evident on MRI 
[30]. CT arthrography is both diagnostic and 
therapeutic as the protocol used in a study used 
3-mm slice thickness for imaging and a 22-gauge 

spinal needle was advanced approximately 1 cm 
into the central cleft of the pubic symphysis 
fibrocartilaginous disk for injection. The position 
of the needle was confirmed using intermittent 
CT fluoroscopy. Approximately 0.5 mL of iodin-
ated contrast was injected into the pubic symphy-
sis to reveal the morphology of the disk and 
potentially reproduce the patient’s pain. A thera-
peutic injection was then performed of triamcin-
olone aerosol solution at a dose of 40 mg/mL and 
1.0  mL of 0.5% bupivacaine. A post-procedure 
CT was then performed of the symphysis with 
multiplanar reformatting at a slice thickness of 
1 mm [30]. CT arthrography was helpful in eval-
uating for secondary clefts when MRI was insuf-
ficient to explain the cause of groin pain. Overall, 
CT-guided injection is a reliable diagnostic tool 
that can provide short-term symptomatic relief 
during conservative treatment and the addition of 
CT arthrography can help in identifying more 
subtle aponeurotic tears [30].
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 Treatment and Outcomes

There are a wide variety of treatment options 
available and recommendations generally are the 
choice of surgery and operative approach be based 
on surgeon experience [6]. Physical therapy and 
conservative management are often attempted 
between 2 and 6  months prior to surgical treat-
ment. Initial management includes range- of- 
motion exercises and core muscle strengthening 
while avoiding deep hip flexion. Little prospective 
data is available on the efficacy of nonoperative 
treatment, but one randomized study comparing 
athletes with sports hernias undergoing physical 
therapy versus surgical laparoscopic repair found 
7 of 30 patients in the nonsurgical group switch-
ing to the surgical arm and only 50% returning to 
sports at 1  year compared to 29 of 30 athletes 
returning to full sports after surgery [31]. Surgical 
intervention is typically recommended after fail-
ure of nonoperative rehabilitation and for sports 
hernias can be performed through open or mini-
mally invasive techniques (Figs. 27.11 and 27.12) 
(Video 27.2). Open techniques have been com-
pared with laparoscopic repairs with respect to 

timing to return to sports and open repairs showed 
a mean of 5  weeks versus 3  weeks for laparo-
scopic repairs [32]. A minimally invasive tech-
nique has been described which includes opening 
the posterior abdominal wall with the repair of the 
transversalis fascia for a tension-free suture repair 

Fig. 27.11 Patient with chronic groin pain taken for 
diagnostic laparoscopy found to have hernia defect after 
negative imaging

Fig. 27.12 Isolated right adductor tear: right AL tendonotomy. Patient with chronic right groin pain with right adductor 
tear taken to the operating room for tendonotomy

M. Peacock and B. P. Jacob
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of the posterior inguinal wall and decompression 
of the genital branch of the genitofemoral nerve 
which has shown a faster return to sports activity 
at a mean of 4  weeks [33]. Sports hernia with 
associated acetabular impingement is a poor pre-
dictor of successful sports hernia repair and a 
staged procedure incorporating both hernia repair 
and arthroscopy led to improved outcomes calling 
for a multidisciplinary approach between general 
and orthopedic surgery in these cases [34]. 
Radiofrequency denervation of the ilioinguinal 
nerve and ligament has also been explored and 
was successful in treating groin pain for 6 months 
compared to injection only which provided relief 
for approximately 1 week [35]. Given most stud-
ies report only short-term follow-up and end point 
of return to sports, it is difficult to identify a supe-
rior surgical technique and the recommendation 
from the British Hernia Society is for the choice 
of surgery and operative approach to be based on 
surgeon experience [6].
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28Imaging Approach to Chronic 
Postoperative Inguinal Pain

Aldo Fafaj, Samuel J. Zolin, Michael C. Forney, 
and David M. Krpata

 Introduction

With the advent of prosthetic materials and 
refinement of tension-free repairs contributing to 
reduced recurrence rates, chronic postoperative 
pain has become the primary focus when discuss-
ing outcomes of inguinal hernia repair [1]. 
Chronic postoperative inguinal pain (CPIP) is 
defined as pain lasting more than 3 months fol-
lowing inguinal hernia repair. [2] This pain can 
be severe, potentially affecting activities of daily 
living in up to one-third of patients with CPIP 
[3]. Determining the etiology of CPIP can pres-

ent a diagnostic challenge for any surgeon, often 
delaying diagnosis and treatment. Unlike the ini-
tial presentation of inguinal hernias, when the 
diagnosis is often made only with the history and 
physical exam, the cause of CPIP may be subtle. 
Thus, other than in unique cases where the reason 
is evident on physical exam, imaging becomes an 
essential tool for diagnosis and treatment. Here 
we discuss the different imaging modalities 
(ultrasound, computed tomography, and mag-
netic resonance) in the context of the most 
encountered causes for this complication. Of 
note, primary groin pain will not be addressed 
here, as it will be discussed in a separate 
chapter.

 Pathophysiology of CPIP

The pathophysiology of CPIP is complex, given 
the heterogeneity of the types of pain. In general, 
pain can be broadly categorized as neuropathic, 
nociceptive, somatic, and visceral. Neuropathic 
pain involves nerve entrapment or direct damage 
during dissection or mesh fixation. The most 
commonly involved nerves include ilioinguinal, 
iliohypogastric, and the genital branch of the 
genitofemoral nerve. Additionally, the implanted 
prosthetic material can migrate, shrink, or fold, 
which may also lead to nerve entrapment. 
Nociceptive pain has been described as a persis-
tent inflammatory response to tissue injury and 
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the implanted foreign body where endogenous 
inflammatory mediators cause exaggerated 
responses to normal stimuli [4]. Somatic pain is 
thought to be caused by damage to the perios-
teum of the pubic tubercle [5], while visceral 
pain refers to post-ejaculatory pain caused by 
venous congestion of the spermatic cord from 
prosthetic material encasement [6]. Finally, some 
patients develop hernia recurrence, which also 
may contribute to pain. To add to the complexity 
of these cases, patients may have multiple factors 
contributing to CPIP. Thus, radiologic imaging to 
identify the cause(s) of CPIP becomes critically 
important.

 Imaging Modalities

Ultrasound is a widely available, noninvasive 
imaging modality that does not subject patients 
to radiation. Thus, it is typically the first imaging 
modality used to evaluate the CPIP patient 
(Figs.  28.1 and 28.2). In order to increase the 
accuracy, the ultrasound exam must be performed 
dynamically with the patient lying supine and in 
an upright position, both at rest and during strain-
ing by performing the Valsalva maneuver. In 
addition, ultrasound can also be used to perform 
local analgesic blocks, which can help to identify 
and treat inguinal neuralgia [7].

If the ultrasound is non-diagnostic, then cross- 
sectional computed tomography (CT) or mag-
netic resonance imaging (MRI) may be helpful in 
determining the etiology of CPIP. Of note, MRI 
is currently considered the best imaging tool for 
evaluating the causes of inguinal pain, and some 
argue that it should be considered as a first-line 
imaging modality when evaluating the postopera-
tive groin [8, 9]. The advantages of this modality 
are superior soft tissue evaluation coupled with 
accurate and reproducible identification of groin 
anatomic structures in several planes [10, 11]. 
Although it may be a limitation in some centers, 
both CT and MRI scans should be performed 
dynamically if possible, to increase the likeli-
hood that any occult pathology is demonstrated 
[12]. However, high-level evidence comparing 

ultrasound with CT or MRI in the context of 
CPIP is lacking.

Fig. 28.1 Transverse image (short axis) of normal- 
appearing ilioinguinal (arrows, Ii) and iliohypogastric 
(arrows, Ih) nerves using a 9  MHz ultrasound probe. 
When normal, at times, these nerves can be difficult to 
identify, but anatomically located between the internal 
oblique and transversus abdominus muscles. Doppler 
imaging can be used to differentiate the nerves from adja-
cent vessels

Fig. 28.2 Transverse image of normal-appearing ilioin-
guinal (arrows Ii) and iliohypogastric (arrows, Ih) nerves 
(short axis) using an 18 MHz ultrasound probe. Compared 
with the 9  MHz probe, the detail is greater with the 
18  MHz probe; however, a fundamental trade-off exists 
between image resolution and depth of imaging in ultra-
sound. So, for patients with high body mass index, the 
resolution will need to be sacrificed to achieve adequate 
imaging depth

A. Fafaj et al.
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All three imaging modalities are limited by 
operator-dependability and the availability of 
radiologists who are familiar with dynamic groin 
imaging [13]. To maximize the yield of these 
studies, imaging protocols should be standard-
ized and performed by radiologists who are spe-
cialized in groin anatomy and post-herniorrhaphy 
changes. More importantly, the surgeon and the 
radiologist must work closely together, ideally in 
a multidisciplinary team, to ensure proper diag-
nosis and treatment options, regardless of which 
diagnostic imaging modality is used.

 Commonly Encountered Pathology

 Recurrence

If recurrence is suspected as the cause of pain, 
dynamic ultrasound is best suited as the initial 
test. Although non-dynamic ultrasound has a 
high sensitivity for detecting inguinal hernias, it 
cannot reliably exclude occult ones. The sensitiv-
ity of ultrasound increases when performed 
dynamically, as described above, by a radiologist 
who specialized in groin anatomy. If clinical sus-
picion is high for recurrence, negative ultrasound 
should prompt further cross-sectional imaging. 
However, it should be pointed out that inguinal 
hernias have been poorly reported on routine CT 
and MRI, leading to delay in diagnosis [14]. 
Reasons for these missed hernias include non- 
dynamic imaging and inconsistent reads by radi-
ologists who do not routinely read these scans. 
Often the initial radiology reports for evaluation 
of groin pain may have significant shortcomings, 
as shown by Miller and colleagues [14]. 
Strikingly, two out of three CT or MRI radiology 
reports incorrectly identified groin pathology 
when those scans were subsequently reviewed by 
a radiologist specializing in hernia-related pathol-
ogy. Most importantly, the surgeon must not rely 
solely on the imaging report. Reviewing the scans 
closely with the radiologist will not only improve 
the accuracy of these tests but may also amelio-
rate diagnostic delays.

 Mesh Complications

Given the variability in mesh position based on 
the surgical approach and surgeon preference, a 
thorough review of prior surgical reports is criti-
cal when evaluating the postoperative groin for 
mesh abnormalities. Ultrasound has been used to 
assess implanted mesh [15]; however, its reliabil-
ity has been questioned for detecting mesh that 
has folded or turned into a meshoma [9]. On CT 
scan, some meshes may be difficult to distinguish 
from the surrounding tissue given their nonradi-
opaque material. In addition, polypropylene 
meshes, which are the most commonly used 
prosthetics in inguinal hernia repair, have densi-
ties similar to surrounding muscle, so they appear 
invisible or poorly visible on CT [16]. This mate-
rial is readily seen on MRI, however. 
Unfortunately, mesh manufacturers do not pro-
vide information regarding the radiopaque prop-
erties of the prosthetic materials they offer, so 
that information is missing unless surgeons or 
radiologists have self-categorized them based on 
past experiences [16].

Initial folding of the mesh can lead to a con-
tinuous process where the mesh forms into a ball, 
commonly referred to as a meshoma [17] (Video 
28.1). This structure can lead to mechanical com-
pression of nerves and cord structures, causing 
pain. CT and MRI can readily reveal this struc-
ture and aid the surgeon with operative planning. 
However, due to the lack of radiology literature 
regarding this topic, meshoma is often interpreted 
as nonspecific postoperative changes. [17] Repair 
techniques that involve anterior and posterior 
components such as the plug, the plug-and-patch, 
or the Prolene® Hernia system present unique 
challenges. The posterior component of the mesh 
is inserted beyond the internal ring, which may 
appear as an irregular mass often misdiagnosed 
as free fluid, bowel-containing hernia, and 
lymphadenopathy [18] (Video 28.2). This high-
lights, again, the importance of close collabora-
tion between the surgeon and the radiologist. 
Furthermore, nonspecific radiographic images 
should be rereviewed by a radiologist familiar 
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with both groin anatomy and CPIP pathology. 
This may prevent further exposure to ionizing 
radiation and may reduce cost by minimizing the 
workup.

 Nerve Damage

Thorough knowledge of the groin neuroanatomy 
is critical not only to avoid nerve damage during 
the initial repair but also when evaluating for 
causes of CPIP. Unlike the evaluation for recur-
rence or meshoma, nerve pathology is not as 
readily displayed on an ultrasound or CT scan. 
Radiologic expertise is critically important to 
recognize the often-subtle changes. Figures 28.3 
and 28.4 show the ilioinguinal and iliohypogas-
tric nerves, respectively, in two patients with a 
history of inguinal hernia repair. Compared to 
normal nerves shown in Figs.  28.1 and 28.2, 
these nerves appear abnormally enlarged. 
Ultrasound images of the cord structures may 

also aid in identifying abnormal nerve pathology. 
Figure 28.5 shows transverse images of the sper-
matic cord after inguinal hernia repair. Here the 
spermatic cord can be visualized close to the 
implanted mesh, and the genital branch of the 
genitofemoral nerve has a normal appearance. In 
contrast, Fig. 28.6 shows the abnormally enlarged 
genital branch of the genitofemoral nerve in lon-
gitudinal and transverse images of the spermatic 
cord after inguinal hernia repair. In addition to 
direct visualization, neuropathic causes may be 
indirectly implied by the presence of meshoma or 
fixation devices along the predicted anatomic 
path of the nerves [9].

MRI has more utility as this modality may 
identify nerve entrapment or neuromas. In addi-
tion, MRI neurography can also be used to visu-
alize the involved nerves. This is an imaging 
technique that can capture the intrinsic signal of 
nerves [19]. This technique can identify nerve 
compression; however, similar to other imaging 
modalities, it is radiologist-dependent [7].

a b

Fig. 28.3 Longitudinal (a) (arrows) and transverse (b) 
(arrow and brackets) images of the ilioinguinal nerve. In 
this post-hernia repair patient, the nerve is abnormally 

enlarged. Of note, imaging abnormalities of nerves do not 
always correspond with clinical symptoms
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a b

Fig. 28.4 Longitudinal (a) and transverse (b) images of 
the iliohypogastric nerve (arrows). In this post-hernia 
repair patient, the nerve is abnormally enlarged. The ilio-

hypogastric nerve is seen more medial than the ilioingui-
nal nerve when scanning in an oblique plane, roughly 
parallel with the ilioinguinal ligament

MedialLateral MedialLateral

Fig. 28.5 Transverse images of the spermatic cord (dashed oval) near the hernia repair mesh (asterisks). In this case, 
the spermatic cord has a normal appearance without focal enlargement of the genital branch of the genitofemoral nerve
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Medial Lateral

a b

Fig. 28.6 Longitudinal (a) and transverse (b) images of 
the spermatic cord in a patient status post inguinal hernia 
repair. In the longitudinal plane, the genitofemoral nerve 
(arrows) is abnormally enlarged near the hernia repair 

mesh (asterisks). Although sometimes difficult to uniquely 
identify within the spermatic cord, the genitofemoral 
nerve is also enlarged in the transverse plane in this case 
(small dashed oval)

 Conclusion

Chronic postoperative inguinal pain can present a 
diagnostic and therapeutic challenge for any sur-
geon, which prolongs treatment. Several imaging 
modalities can be used with varying degrees of 
success for detecting complex groin pathology. 
Perhaps more important than the test used is the 
establishment of a close surgeon-radiologist rela-
tionship, ideally in a multidisciplinary setting. 
This close collaboration will optimize both the 
diagnosis and treatment of the CPIP patient.
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29Therapeutic Ultrasonography: TAP 
Block and BOTOX, Collections, 
Nerve Injections

Verghese T. Cherian

 Introduction

The successful repair of an abdominal hernia 
would depend on various factors including, but 
not limited to, the site and the type of defect, the 
size of the hernia, the tone of the musculature, 
and the contents of the hernia sac. Surgical repair 
of an extremely large hernia or a recurrent inci-
sional hernia pose added challenges such as inad-
equate or incompetent muscle cover, significant 
postoperative pain, potential respiratory compro-
mise due to high intra-abdominal pressure, 
increased tension of the muscles of the lateral 
abdominal wall which can lead to early recur-
rence [1].

Acute pain following abdominal hernia repair 
can be controlled by blockade of the nerves of the 
anterior abdominal wall with local anesthetic [2, 
3]. The analgesia reduces the involuntary guard-
ing of the abdominal muscles, improves respira-
tory excursions, and promotes postoperative 
recovery. Over the last decade, there have been 
clinical reports of the use of Botulinum toxin 

(Btox) for analgesia after hernia surgery [4] and 
also to temporarily paralyze the lateral abdomi-
nal muscles, to facilitate primary closure of open 
abdomen [5] and repair of complex incisional 
hernia [1, 6].

A seroma is a common and challenging post-
operative complication after extensive dissection 
of tissues needed to repair complex recurrent her-
nia. This accumulation of lymph and inflamma-
tory fluids in surgically created dead space 
prevents the apposition and adhesion of tissue 
surfaces [7]. The disruption of lymphatic chan-
nels and blood vessels is believed to play a cen-
tral role in the accumulation of the exudative 
fluid that results in seroma, and so does the local 
inflammatory reaction to the mesh used for repair 
of the hernia [7, 8].

 Patient Selection

Injection of Btox stretches the lateral abdominal 
muscles which can benefit two groups of patients.

 1. Patients with large incisional hernia following 
previous wound infection or major trauma can 
have significant loss of abdominal muscle 
mass and the hernial sac is made up of scar 
tissue and devoid of muscle. Stretching of the 
lateral muscles could provide the muscle 
cover to strengthen the repair.

Supplementary Information The online version con-
tains supplementary material available at https://doi.
org/10.1007/978- 3- 031- 21336- 6_29.

V. T. Cherian (*) 
Department of Anesthesiology and Perioperative 
Medicine, Penn State Health Milton S Hershey 
Medical Center, Hershey, PA, USA
e-mail: vcherian@pennstatehealth.psu.edu

© Springer Nature Switzerland AG 2023 
S. Docimo Jr. et al. (eds.), Fundamentals of Hernia Radiology, 
https://doi.org/10.1007/978-3-031-21336-6_29

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-21336-6_29&domain=pdf
mailto:vcherian@pennstatehealth.psu.edu
https://doi.org/10.1007/978-3-031-21336-6_29


334

 2. Patients with extremely large hernias could 
have a significant rise in intra-abdominal 
pressure when the contents of the hernial sac 
are returned to the abdomen. The lengthening 
and the thinning of the muscle mass would 
decrease the wall tension and increase the 
available intra-abdominal space to accommo-
date the hernial contents.

Postoperative analgesia after abdominal sur-
gery can be supplemented by blocking the muscu-
lar and cutaneous nerves of the abdomen, proximal 
to the site of surgery. Therefore, the choice of the 
nerve block depends on the extent of tissue dissec-
tion for the repair of the hernia and to place the 
surgical mesh and also the sites for insertion of the 
laparoscopic instruments. The choices available to 
block the abdominal nerves are the Erector Spinae 
Plane (ESP) [9], the Quadratus Lumborum (QL) 
[10], the Transversus Abdominis Plane (TAP) 
[11], the Rectus sheath (RS), the ilio-inguinal, and 
the ilio-hypogastric nerve blocks. The use of lipo-
somal bupivacaine can prolong the duration of the 
block compared to plain bupivacaine or ropiva-
caine [11, 12]. Alternatively, a catheter can be 
placed in the proximity of the nerve and an auto-
mated pump used to infuse local anesthetic con-
tinuously or in boluses.

Most seromas are asymptomatic and resolve 
in a short time, but the few that linger may get 

lined with fibrous tissue and become pseudo-
cysts. Although expectant management is the 
usual initial treatment, the symptomatic and the 
chronic ones need aspiration of fluid or open sur-
gery. Injection of sclerosing agents such as talc, 
doxycycline, and alcohol have been shown to 
obliterate the space [7].

 Ultrasound Scanning

Ultrasound imaging is a convenient technique 
to delineate the abdominal wall muscles and 
the fascial planes. It can also be used to detect 
intra- abdominal hernias and herniation through 
defects in abdominal wall muscles such as 
the Spigelian and the lumbar hernias. Prior to 
performing the nerve block or the Btox injec-
tion, it is prudent to do a diagnostic ultra-
sound scanning to identify the muscle layers 
and the exact location to perform the injection 
(Fig.  29.1). Real-time ultrasonography is a 
valuable tool to confirm the correct placement 
of the needle tip before injecting the medica-
tion. Ultrasonography is valuable in delineat-
ing the extent of a seroma and in guiding the 
needle used to aspirate it. A high-frequency 
linear ultrasound probe is ideal since the target 
of interest is superficial. However, in an obese 
patient a curvilinear probe may be used.

a b

Fig. 29.1 The muscles and the fascial layers of the 
abdominal wall as seen by computed tomography (a) and 
ultrasonography (b). PM psoas major, QL quadratus lum-

borum, LD latissimus dorsi, EO external oblique, IO inter-
nal oblique, TA transversus abdominis, VB vertebral body, 
TP transverse process
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 Ultrasound Procedure

 Botulinum Toxin (Btox) Injection: 
(Video 29.1)

Btox when injected into a muscle makes the 
neuro-muscular junction dysfunctional [13]. The 
muscles of the lateral abdominal wall are the 
usual site for injection. Mild sedation and local 
anesthetic infiltration of the injection site should 
suffice to perform this procedure. Although the 
patient may be supine if bilateral block is 
required, it helps to turn the patient slightly lat-
eral by placing a folded blanket under the flank, 
especially if the hernia is large or the patient is 
obese. The patient’s abdomen is cleaned with a 
standard antiseptic solution and then using the 
ultrasound probe three points are located along 
the anterior axillary line between the costal mar-
gin and the iliac crest where all three muscles, 
namely the external oblique (EO), the internal 
oblique (IO), and the transversus abdominis (TA) 
are seen (Fig. 29.2a). The procedure is repeated 
on the opposite side by turning the patient the 
other way.

Once the skin and the superficial fascia are 
infiltrated with a local anesthetic, the needle is 
passed through the muscles and the location 
within the muscle is confirmed by injecting about 
0.5 mL of normal saline. An aliquot of 11 mL of 
diluted Btox (200  units of Btox is diluted into 

200  mL of normal saline; 1  U/mL) is injected 
into each of the three muscles, starting with the 
deeper one (Fig.  29.2b). It may be prudent to 
observe the patient for any allergic reactions after 
the first aliquot is given. The needle insertion can 
be “in-plane” or “out-of-plane” to the ultrasound 
probe, depending on the surface contour and the 
available space between the costal margin and the 
iliac crest. Once the three muscles at each of the 
three sites, on both sides are injected, the patient 
may be transferred to the recovery area and 
observed for an hour before being discharged.

 Nerve Blocks: (Video 29.2)

The thoracic (T) and the lumbar (L) nerves, 
namely the intercostal (T7–T12), the ilio- inguinal 
(L1), and the ilio-hypogastric (L1) nerves, pro-
vide the sensory and the muscular innervation to 
the abdominal wall. The rectus abdominis is 
innervated by the lower six intercostal nerves and 
the cutaneous nerves follow the dermatomal dis-
tribution. The T10 nerve aligns along the umbili-
cus with the area between the xiphoid and the 
umbilicus and is innervated by T7–T9 nerves and 
the cutaneous branches of T11–L1 supplying the 
area from the umbilicus to the pubis.

All these nerves arise from the ventral rami of 
the thoracic and the lumbar spinal nerves (T7–
L1) and run ventral to the vertebral transverse 

a b

Fig. 29.2 Ultrasound scan of the lateral abdominal wall 
showing the external oblique (EO), internal oblique (IO), 
and the transversus abdominis (TA) muscles, before (a) 

and after (b) the injection of the Botulinum toxin (Btox) 
into each muscle layer
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processes, pass between the psoas major and the 
quadratus lumborum muscles and enter the fas-
cial plane between the internal oblique and the 
transversus abdominis. The ilio-inguinal and the 
ilio-hypogastric nerves pierce the internal oblique 
muscle, near the anterior superior iliac spine, and 
traverse between it and the external oblique to 
supply the inguinal region.

These nerves can be blocked at various sites 
along its path; namely, anterior to the erector spi-
nae muscle (ESP), anterior to the quadratus lum-
borum (QL), in the transversus abdominis plane 
(TAP) or within the rectus sheath (RS) (Fig. 29.3). 
Using real-time ultrasonography, the block nee-
dle is guided into the correct plane to either inject 

a bolus dose of local anesthetic (plain, with adju-
vants or the liposomal bupivacaine) or place a 
catheter to enable continuous or on-demand infu-
sion of local anesthetic through it.

 Seroma

Percutaneous aspiration of the fluid collection 
under ultrasound guidance is usually therapeutic, 
but if it recurs, injection of a sclerosing agent 
after the aspiration is shown to be effective. 
Figure  29.4a demonstrates a seroma collection 
noted on ultrasound as well as drain placement 
under ultrasound guidance (Fig. 29.4b).

a b

Fig. 29.3 The ultrasound scanning of the posterior (a) 
and anterior (b) abdominal walls showing the site for 
Erector Spinae Plane (ESP), Quadratus Lumborum (QL), 
Transversus Abdominis Plane (TAP), and Rectus sheath 

(RS) blocks. PM psoas major, QL quadratus lumborum, 
EO external oblique, IO internal oblique, TA transversus 
abdominis

LLQ ABDOMEN

X

LLQ ABDOMEN

LOGIQ
E9

LOGIQ
E9a b

Fig. 29.4 Ultrasound scan of needle aspiration of a seroma following the repair of an incisional hernia (a) Seroma collec-
tion (X) seen on ultrasound (b) Aspiration and insertion of drain (arrow) into a seroma under ultrasound guidance
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 Clinical Pearls

A subcostal TAP block can anesthetize the T6–
T9 nerves and would be indicated if the hernia is 
epigastric or supra-umbilical. Similarly, a rectus 
sheath block would be effective in a midline her-
nia such as para-umbilical or the divarication of 
the rectus. Blocking the ilio-inguinal and the ilio- 
hypogastric nerves would be needed for repair of 
the hernias in the inguino-scrotal region.

As the Btox has to be injected into the belly of 
the muscle, the ultrasound should be used to 
locate the site with the thickest portion of all the 
three muscles (EO, IO, TA), preferably along the 
anterior axillary line.

When the needle is inserted out of plane, the 
ultrasound probe should be angulated towards the 
needle to locate the needle tip and then, as the 
needle is advanced, the probe should be slowly 
straightened to follow it. At times when the 
deeper muscle is injected with Btox, it may com-
press the superficial muscle and may necessitate 
moving the probe slightly to visualize an unflat-
tened section of the muscle.

In patients who have had multiple surgeries 
for recurrent hernia, the scar tissue may appear as 
fascial planes giving the impression of more than 
three layers of abdominal muscles. In such a situ-
ation, Btox may be injected at more than one site 
of the same muscle.

 Literature Review

When Btox is injected into the muscle, it binds to 
the glycoprotein on the cholinergic nerve termi-
nal. It gains access to the nerve and cleaves the 
protein responsible for the transport of acetylcho-
line to the synaptic cleft. Thus, the mechanism of 
action of Btox is preventing the release of acetyl-
choline from the nerve ending leading to muscle 
paralysis. This interruption of the synaptic trans-
mission is temporary. The onset of muscle weak-
ness occurs within 2–3  days, reaching the 

maximum effect by 2  weeks and it gradually 
starts to wear off after 10 weeks [13].

Btox application decreases the thickness and 
increases the length of the lateral abdominal 
muscles which assists in the closure of inci-
sional hernia secondary to open abdomen man-
agement [14].

The repair of a recurrent abdominal incisional 
hernia is a surgical challenge, both in the process 
of closing the defect and also in keeping it from 
dehiscing. Farooque et  al. injected 50  units of 
Btox into the external oblique, internal oblique, 
and transversus abdominis muscles at three sites 
on each side of the lateral abdominal wall (total 
dose 300  units) and demonstrated a significant 
increase in the mean length of the lateral abdomi-
nal wall from 18.5 cm to 21.3 cm on computed 
tomography [1].

The “open abdomen” management or the 
inability to close the abdomen after an urgent dam-
age control laparotomy can lead to severe morbid-
ity and mortality. In a novel technique of “chemical 
component separation,” Zielinski et al. have shown 
remarkable success by creating flaccid paralysis of 
the lateral abdominal wall by injecting Btox, 
within 24 h of their initial surgery [5].

In the management of a seroma, perhaps the 
best strategy is to prevent it by using closed- 
suction drains until their output volume is mini-
mal and the use of sharp or ultrasonic dissection 
rather than cautery [8]. Although the use of scle-
rosants at the initial operation actually increased 
the risk of seroma [8], injection of a sclerosing 
agent along with a negative pressure wound ther-
apy system has been shown to be effective for a 
chronic and recurrent seroma [7, 15].

 Summary

Ultrasonography is a valuable tool to identify the 
muscular and the fascial layers of the abdominal 
wall and to guide the needle used for the proce-
dure to the correct location.
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30Radiographic Appearance of Mesh

Sabrina Drexel and Ryan Michael Juza

 Introduction

The surgical management of hernias has evolved 
over time and the introduction of mesh reinforce-
ment can be considered one of the biggest para-
digm shifts in the field. While the use of mesh has 
led to a reduction in hernia recurrence, the use of 
a foreign body in the abdominal wall creates 
unique challenges and carries specific risks. A 
surgeon who performs hernia repairs should 
therefore be well versed in these pathologies, and 
imaging studies are an essential tool in the diag-
nosis and management of them. In this chapter, 
we will cover the use of imaging studies to detect 
hernioplasty mesh. We will describe the impor-
tance of radiographic mesh identification and 
explain how it can be used to guide surgical 
decision- making and planning.

 Imaging Modalities in Hernia 
Surgery

Hernia surgery is rapidly evolving as new tech-
nology, mesh, and techniques are introduced. 
Imaging modalities also continue to advance with 
improved resolution and access. Hernias can be 
evaluated by a variety of imaging modalities 
including computed tomography (CT), ultra-
sound, or magnetic resonance imaging (MRI) [1].

Abdominal surgeons are most familiar with CT, 
as it is commonly used to evaluate a variety of 
intra-abdominal pathologies. CT imaging can pro-
vide adequate visualization of the abdominal wall 
musculature as well as hernia architecture, includ-
ing location, dimensions, and contents [2]. It is 
relatively inexpensive, rapid, and well tolerated by 
patients. Computed tomography has become ubiq-
uitously available over the past two decades and 
the most frequently used modality for the evalua-
tion of hernias [3]. CT is typically performed with 
the patient supine; if a hernia is suspected, tech-
niques to increase intra- abdominal pressure can be 
performed, such as the Valsalva maneuver, to bet-
ter visualize subtle hernias [4]. Contrast is often 
not necessary to assess the integrity of a hernia 
repair postoperatively, as the muscle and fascial 
layers of the abdominal wall are readily apparent 
on CT imaging. However, IV contrast enhances 
visualization of the abdominal wall and adjacent 
organs by outlining the vascular supply, which can 
be particularly helpful in cases where mesh is 
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Fig. 30.1 CT pelvis with intravenous contrast to high-
light vessels. Mesh plug (circle) placed in the femoral 
space adjacent to the femoral vessels (bracket). Patient 
had chronic pain resolved by surgical removal of the plug

placed for groin hernias (Fig.  30.1). If a bowel 
obstruction is suspected, oral contrast should be 
used to better characterize loops of bowel [2] in 
relation to the mesh (Fig. 30.2).

However, CT imaging does expose the patient 
to radiation and can be suboptimal in the evalua-

tion of tissue planes due to artifacts or implants. 
Patients can also have adverse reactions to con-
trast dyes if they are used. These factors should 
be considered when debating whether to order 
CT imaging for hernia evaluation and whether to 
use contrast.

Ultrasound can be used to accurately diagnose 
and monitor a hernia [5, 6] It is very inexpensive 
and does not expose the patient to radiation. It is 
also the only imaging modality that can provide 
dynamic and real-time information, such as tis-
sue movement around mesh or other foreign bod-
ies [7]. However, it is operator dependent and 
typically does not provide nearly as much detail 
regarding hernia architecture or abdominal wall 
musculature as a CT. Results are difficult to rep-
licate in patients with obesity or very large 
defects, and images can be obscured by bowel 
distention or underlying structures.

While MRI can also precisely visualize 
abdominal wall musculature and hernia location, 
it is the most expensive of the three studies and 
often the least familiar to surgeons. MRI is not 
readily available at many institutions, is time- 
consuming, and is not well tolerated by patients 
due to the confined nature of the imaging system. 
Additionally, MRI is contraindicated in patients 
with metal implants. Limited data exists for the 
use of MRI for hernia evaluation. Inter-observer 
variability has been shown to be quite high 
among radiologists reviewing MRI imaging after 
hernia repair [8]. Therefore, most hernia sur-
geons prefer CT as the modality of choice for 
preoperative planning and assessment of postop-
erative complications.
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Fig. 30.2 (a) CT imaging with oral contrast demon-
strates contracted wrinkled mesh (outlined in yellow) with 
erosion into underlying bowel, creating entero-prosthesis- 
atmospheric fistula demonstrated by efflux of contrast at 
the site of the fistula and surrounding soft tissue inflam-

matory response and fluid. (b) Intraoperative finding of 
mesh erosion into the bowel confirms findings on preop-
erative imaging. (c) En bloc resection of small bowel, fis-
tula, and mesh
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 Importance of Mesh Identification 
on Imaging

The introduction of mesh into the abdominal wall, 
particularly in ventral herniorrhaphy, creates adhe-
sions, alters natural anatomic planes, and gener-
ates barriers to any future abdominal surgeries. 
Mesh-based herniorrhaphy also carries the risk of 
mesh-specific complications. These risks include 
hernia recurrence, mesh erosion, mesh dislodge-
ment, and mesh rejection, among others. 
Preoperative imaging can successfully be used to 
evaluate and diagnose many of these problems.

 Recurrence

Recurrence is an unfortunate complication of 
hernia surgery. Substantial efforts have been 
made to study and evaluate the factors that pre-
dict failure in hernia surgery and help guide 
future surgery. In the case of recurrence, not all 
recurrences are created equal. The type of mesh, 
location of mesh, and cause of failure all factor 
into subsequent management options. Assessing 
preoperative imaging can help determine the best 
operative approach for repairing the recurrence. 
In this section, we will cover some of the main 
types of hernia recurrence.

Central mesh fracture after hernia repair is a 
known complication of mesh-based repairs, par-
ticularly in cases utilizing lightweight synthetic 
mesh [9] or bridged fascial defects. Central mesh 
fracture occurs when the burst strength of the 
mesh is insufficient to resist intra-abdominal 
pressure and the mesh tears or fractures in the 
central portion. Evaluating a patient for 
 “recurrence,” when it is deemed to be mesh fail-
ure, will impact the nature of the subsequent 
repair. With central fracture of the mesh, the frac-
tured edges of the mesh can come in contact with 
the bowel making adhesiolysis challenging and 
increasing the risk of bowel injury. Bowel injury 
raises the wound class and increases the risk of 
surgical site infection and mesh contamination. 
As a case comparison, consider two patients who 
were found with mesh fracture after prior herni-
orrhaphy. In Fig. 30.3, the patient had synthetic 
mesh placed in the sublay position. Despite her-
nia recurrence due to mesh fracture, the mesh 
was well incorporated and not in direct contact 
with the bowel. Contrast that with Fig.  30.4, 
where the patient had prior intraperitoneal mesh 
placement. At the time of surgery, dense adhe-
sions were noted to the mesh necessitating a 
more extensive adhesiolysis.

Recurrences also happen when the mesh sepa-
rates from the abdominal wall allowing intra- 

ba c

Fig. 30.3 (a, b) Central mesh fracture (blue arrow) of 
lightweight polypropylene mesh (yellow line) placed in 
the sublay position. Mesh is identified by local tissue 
changes and scar formation. The fracture is readily appar-
ent by the break in the line with fat herniated between. 
Despite the mesh fracture, there is evidence of a layer of 
fat between the mesh layer and the underlying bowel. The 
evidence of maintained tissue planes and the lack of direct 
contact with the mesh reduces the chance of dense adhe-
sion formation. This can be interpreted on preoperative 

imaging and guide operative planning. Intraoperatively, a 
site was chosen lateral to the border of the mesh and opti-
cal access was used to enter the abdomen. (c) Central 
mesh fracture seen on laparoscopic view corroborates pre-
operative CT imaging. The yellow line follows the frac-
tured edges of the mesh which have expanded in a circular 
pattern as the force is distributed. The mesh is entirely 
covered by peritoneum with no exposed edges. Minimal 
adhesions were noted intraoperatively and the recurrence 
was repaired without issue.
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Fig. 30.4 Synthetic mesh fracture (white arrow) of intra-
peritoneal onlay mesh (blue line left side) and metal tacks 
(yellow circle). On imaging, bowel is herniated between 
the fractured edges of mesh and appears in direct contact. 
An open approach was chosen. At reoperation, dense 
adhesions were noted along the edges of mesh requiring 
extensive adhesiolysis. The fractured mesh was removed 
and sublay mesh was placed to repair the recurrence

abdominal contents to herniate around the edge. 
Consider the following case represented in 
Fig. 30.5. In this case, preoperative imaging pro-
vided several crucial details: it demonstrated that 
the recurrence was caused by the cephalad border 
of the mesh dislocating from the anterior abdom-
inal wall and that fat had herniated to the uncoated 
side of the mesh. Contact with the uncoated side 
of the mesh can create dense adhesions. The fact 
that the bowel was not herniated above the mesh 
and therefore not in direct contact with the 
uncoated side meant adhesions would be more 
manageable. A minimally invasive approach was 
chosen. Intraoperatively, our preoperative inter-
pretation of the imaging was substantiated. The 
herniated fat was densely adherent to the uncoated 
side of the mesh but no bowel was at risk during 
adhesiolysis. Adhesiolysis was carried out care-
fully but with the liberal use of a vessel sealing 
device. The mesh was removed in its entirety and 
the recurrence was repaired with primary defect 

closure. Had the bowel been demonstrated to her-
niate above the mesh, as shown in Fig. 30.6, more 
consideration would have been given to an open 
approach to aid in safe adhesiolysis.

 “False Recurrence”

Imaging can also help identify a true recurrence 
versus a “false recurrence,” such as orphaned fat 
above the mesh. The definition of hernia recur-
rence on imaging is not well-defined and 
orphaned fat above a prior repair may be inter-
preted as hernia recurrence despite an intact 
repair (Figs.  30.7 and 30.8). In these particular 
cases, the ability to accurately interpret CT 
 imaging prevented an unnecessary surgical inter-
vention and was essential in educating and man-
aging expectations in a patient who had been told 
they had a hernia recurrence and may have felt 
they needed another operation (Video 30.1).

 Access

Abdominal access and intra-abdominal adhe-
sions can be particularly challenging in patients 
who have previously undergone a hernia repair 
with mesh. In these cases, evaluation of preoper-
ative imaging can guide operative planning and 
direct procedural modifications such as determin-
ing laparoscopic versus open approach, incision 
type, and port placement. These technical deci-
sions can mean the difference between a straight-
forward case and a very challenging one and can 
prevent significant complications such as chronic 
mesh infection and hernia recurrence. In the fol-
lowing case (Fig.  30.9), the patient was sched-
uled for planned cesarean delivery; however, in 
preoperative planning, the obstetrics team was 
concerned the patient’s prior mesh-based ventral 
hernia repair would prevent a low Pfannenstiel 
incision and general surgery was consulted. After 
reviewing prior images it was determined the 
patient’s mesh would not impede the planned 
operation, but a general surgeon would be stand-
ing by. As an additional measure of precaution, 
the patient was scheduled at the earliest recom-
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Fig. 30.5 Preoperative 
imaging demonstrated 
hernia recurrence 
(yellow arrow) due to 
the superior edge of 
mesh (blue line) 
separating from the 
abdominal wall with 
intra-abdominal fat 
herniation above the 
mesh. Note that there 
was no evidence of 
bowel above mesh 
which would have 
complicated reoperation. 
Intraoperative picture 
corroborated the CT 
image finding of 
omental fat herniated 
above the mesh but no 
bowel

mended gestational age to decrease the risk of an 
unplanned emergent surgical delivery.

Adhesions to indwelling mesh also impact 
surgical access and can be assessed on preopera-
tive imaging in conjunction with prior operative 
reports. Mesh that has been placed in the under-
lay or intraperitoneal position is, by definition, in 
direct contact with intra-abdominal structures 
and will result in adhesion formation. The use of 

anti-adhesive barriers can minimize those adhe-
sions but does not completely prevent them. 
Patients with a robust omentum may have a visi-
ble fat plane between the mesh and the bowel but 
often several loops of bowel are in direct contact. 
Mesh that has been placed in the onlay or sublay 
position is not as likely to be in direct contact 
with the bowel and typically a fat plane is visible 
between the mesh and the bowel (Fig. 30.10).
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Fig. 30.6 A 43-year-old female with a history of five prior ventral incisional hernia repairs now with recurrence. 
Patient had onlay mesh and tacks (yellow circle) in close proximity to bowel within her recurrent hernia

 Mesh Complications

Patient concerns about mesh complications are 
becoming increasingly common, spurred by the 
regular advertisements for mesh litigation on 
television. While some patients do have com-
plications from mesh, the majority do not. 
Imaging studies are essential to identifying 
those that have problems and those that do not. 

Patients that come into the office with mesh 
concerns frequently have nonspecific com-
plaints of abdominal pain or of “feeling the 
mesh,” sparking their concern that a complica-
tion is pending. Determining when a patient has 
true complication versus when they do not is 
the difference between gentle reassurance and 
an unnecessary operation. In most cases, physi-
cal examination is limited in the information it 
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Fig. 30.7 A 30-year-old patient referred by her primary 
care provider for “recurrent” umbilical hernia after prior 
laparoscopic ventral hernia repair. The patient reported a 
nonreducible bulge at her umbilicus. CT imaging was 
obtained and interpreted as recurrent ventral hernia. On 
further review of the imaging, the patient’s mesh repair 
and tacks were intact (yellow line and circle). Comparing 
with preoperative imaging, it was determined the patient 

had preperitoneal fat orphaned in the umbilical defect at 
the time of her original operation. The patient was coun-
seled on this and no further surgery recommended. If the 
patient had pain or discomfort from the orphaned fat, an 
open approach with amputation of the hernia sac and con-
tents would be recommended to avoid disrupting the 
intact repair

Fig. 30.8 This patient was referred after an unrelated CT 
scan was interpreted as recurrent inguinal hernias through 
fractures in the mesh. On evaluation the patient was 
asymptomatic. On review of the images, it was deter-
mined the “recurrence” was actually the slit in the keyhole 
mesh to permit the cord structures (yellow circles)

can provide. Imaging is largely necessary not 
only to completely evaluate the symptoms but 
also to assuage the patient’s fears. When evalu-
ating for mesh complications, several questions 
should be answered; is the hernia still repaired? 
is the mesh in correct location? and is the mesh 
well incorporated?

Seroma formation following herniorrhaphy is 
common, self-limited, and typically resolves 
spontaneously. In some cases, a reactive seroma 
may form adjacent to the mesh and prevent the 
mesh from incorporating or may form as a result 
of mesh not incorporating. These chronic fluid 
collections can be bothersome to the patient and 
may intermittently drain or become secondarily 
infected (Figs. 30.11 and 30.12).

S. Drexel and R. M. Juza



347

Fig. 30.9 A 42-year-old female who had previous open 
repair of a large ventral hernia with underlay Dualmesh 
(W.L Gore, Flagstaff, AZ) placement. She was scheduled 
for planned cesarean section and general surgery was con-
sulted for abdominal access due to the history of intraperi-
toneal mesh. After reviewing preoperative imaging, it was 
determined the inferior edge of the mesh was 12.6  cm 

above the pubic symphysis in the nonpregnant abdomen. 
Based on those measurements, a low midline was not 
advised due to the risk of mesh involvement and mesh 
contamination. A low Pfannenstiel incision was therefore 
chosen and successful cesarean section was performed 
without mesh involvement. General surgery was standing 
by, but ultimately not needed
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a b

Fig. 30.10 (a) Synthetic mesh in contact with bowel. 
The lack of a fat plane (arrows) between the mesh and the 
bowel predicts a challenging adhesiolysis with dense 
adhesions and increases the risk of enterotomy. (b) Intact 

bioabsorbable mesh (thin arrow) in the sublay position 
with a fat plane between the mesh and intra-abdominal 
contents (thick arrows)

Fig. 30.11 Female patient with a history of bilateral 
transverse rectus abdomnis muscle (TRAM) flap for 
breast cancer with abdominal wall reconstruction with 
heavyweight polypropylene mesh. The mesh (yellow line) 
is visible on the patient’s left side but is more difficult to 
see on the right due to underlying reactive seroma (blue 
outline). This seroma caused longstanding abdominal dis-
comfort, inability to bend at the waist or wear tight cloth-
ing, and intermittently drained through a prior drain site

Fig. 30.12 Lightweight polypropylene mesh infection with 
complicated collection in the sublay position. The mesh is not 
directly visible due to the surrounding collection

 Mesh Migration/Erosion

Despite fixation and scar formation, mesh can 
migrate leading to mesh erosion into adjacent struc-
tures and subsequent complications. Preoperative 
imaging is useful to determine the location of 
the mesh and identify the cause for migration. 
Chronically infected mesh or chronic seroma for-
mation inhibits local tissue ingrowth and creates an 
enlarged pocket within which the mesh can move 
and migrate to remote sites (Fig.  30.13). When 
mesh migrates, it increases the risk of recurrence 
and complications of the mesh such as erosion into 
the bowel or surrounding structures.
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 Appearance of Mesh on Computed 
Tomography

The interpretation of mesh on imaging has 
become increasingly difficult with the plethora of 
hernia repair products on the market. 
Manufacturers of hernia mesh do not routinely 
publish information regarding mesh radiographic 
characteristics; however, the major properties 
that determine visibility on CT are density, struc-
ture (woven, knitted, or homogenous), and 
 thickness [10]. These known characteristics can 
provide a foundation to infer visibility. The 
inflammatory response created by the prosthetic 
implant also affects the radiopaque properties 
[11]. The visibility of mesh on imaging ranges 
from not visible to completely visible. A classifi-
cation scheme was recommended by prior 
authors [7], and a similar classification of meshes 
based on radiographic visibility is displayed in 
Table 30.1.

Fig. 30.13 Migrated heavyweight polypropylene mesh 
eroding through the umbilical port site (arrow) due to 
chronic mesh infection after laparoscopic inguinal 
herniorrhaphy

Table 30.1 Mesh classifications based on radiographic visibility

Visibility on 
imaging Material Mesh product Manufacturer Properties
Readily visible

ePTFE Dualmesh, 
dualmesh plus

WL gore Synthetic 2-sided laminar 
sheet (1–2mm thickness)

Partially visible: Due to coated side of mesh
   Composite 

meshes
Polypropylene mesh with ePTFE 
coating

Composix BD Synthetic macroporous or 
microporous mesh

Polypropylene mesh with ePTFE 
coating

Ventralex BD Synthetic mesh for small 
defects

ePTFE Dulex BD Synthetic 2-sided laminar 
sheet

Indirectly visible: Can be seen due to inflammatory response and/or incorporation of mesh
Polypropylene Bard mesh, 

bard soft mesh
BD Synthetic heavyweight or 

lightweight, microporous 
or macroporous

Polypropylene Prolene, 
prolene soft

Ethicon Synthetic heavyweight or 
lightweight, microporous 
or macroporous

Composite 
meshes

Polyester with collagen- 
polyethylene glycol coating

Parietex 
composite

US surgical/
covidien/
medtronic

Synthetic medium weight, 
macroporous

Polypropylene and polydioxanone 
mesh with regenerated cellulose 
coating

Proceed Ethicon Synthetic lightweight, 
macroporous

(continued)
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Table 30.1 (continued)

Visibility on 
imaging Material Mesh product Manufacturer Properties

Polypropylene and polyglycolic 
acid mesh with CMC-HA-PEGa 
coating

Sepramesh BD Synthetic medium weight, 
macroporous

Polypropylene mesh with 
Polyvinylidenefluoride coating

DynaMesh DynaMesh Synthetic medium weight 
or heavy weight, 
macroporous

Polypropylene mesh with titanium 
coating

TiMesh PFM medical Medium weight or 
lightweight; macroporous

Biologic 
meshes

Porcine dermis Strattice LifeCell 1.76mm thick, non-cross 
linked

Porcine dermis XenMatrix BD 1.95mm thick, non-cross 
linked

Human dermis FlexHD Ethicon 1.15mm thick, non-cross 
linked

Porcine dermis Permacol Medtronic 0.91mm thick, cross 
linked

Bioabsorbable 
meshes

92% polyglycolic acid, 8% 
polylactic acid

Vicryl Ethicon Absorbable, woven

67% polyglycolic acid, 33% 
trimethylene carbonate

Bio-A WL gore Absorbable, multifilament 
laminar sheet, 
microporous

Poly-4-hydroxybutyrate (P4HB) Phasix BD Absorbable, 
monofilament, 
macroporous

40% PGA-PLA-TMC matrix, 
60% PLA-TMC matrixb

TIGR matrix Novus scientific Absorbable, knitted, 
dual-filament

Not visible
Polypropylene mesh with 
poliglecaprone

Ultrapro Ethicon Partially resorbable 
lightweight, macroporous

Polypropylene with Polyglactin Vypro Ethicon Partially resorbable 
lightweight, macroporous

Polyester mesh with polylactic 
acid

ProGrip Covidien/
medtronic

Partially resorbable 
medium weight, 
macroporous

Composite 
mesh

Polypropylene mesh with 
poliglecaprone coating

Physiomesh Ethicon Synthetic lightweight, 
macroporous

aCMC-HA-PEG: carboxymethylcellulose-sodium hyaluronate-polyethylene glycol
bPGA-PLA-TMC Matrix: polyglycolic acid-polylactic acid-trimethylene carbonate

 Synthetic Mesh

There are three main groups of synthetic mesh 
based on material: polypropylene (PP), polyester 
(PET), and polytetrafluoroethylene (PTFE) [12]. 
Each of these meshes has different properties 
which influence whether they are visible on high- 
resolution imaging.

Polypropylene and polyester meshes have a 
similar density to native tissue. The majority of 
these meshes are knitted (porous), making them 

less dense than a homogenous mesh and enabling 
tissue ingrowth. These properties make them dif-
ficult to visualize as they are well incorporated 
with surrounding tissues. Polypropylene meshes 
such as Surgipro (Covidien, Minneapolis, MN) 
and Prolene (Ethicon, Cincinnati, OH) are con-
ventionally not visible on CT [13, 14]. However, 
polypropylene mesh can range in weight from 
36 g/m2 for ultra-lightweight mesh to 110 g/m2 
for heavy weight mesh [15]. Traditional heavy-
weight mesh can generate a robust inflammatory 
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response, which may make the mesh indirectly 
visible on imaging. Polyester mesh can be light-
weight (33–40  g/m2) or medium-weight (46–
78 g/m2). knowledge of the type of mesh placed 
can be extremely valuable when reviewing CT 
scans.

In contrast, PTFE is typically much denser 
than lightweight or medium-weight polypropyl-
ene or polyester implants (65–70 g/m2 for PTFE 
versus 35–85 g/m2 for PP or PET meshes) [15]. 
PTFE is constructed utilizing solid laminar sheets 
to create a homogenous structure. It has been 
shown to produce a significant inflammatory 
response with encapsulation instead of tissue 
integration [16]. All of these properties make 
PTFE meshes such as Dualmesh or Dualmesh 
PLUS (W. L. Gore, Newark, DE) readily visible 
on CT imaging [17, 18].

For laparoscopic repairs of ventral and inci-
sional hernias, the abdominal side of the syn-
thetic mesh must be coated to minimize adhesion 
formation between the bowel and the abdominal 
wall, while the opposite side will typically con-
tain a porous surface to facilitate tissue ingrowth. 
These are typically known as “composite 
meshes.” Some of these meshes will consist of a 
polypropylene matrix with an expanded PTFE 
(ePTFE) coating to prevent adhesions. In this 
instance, the thickness of the ePTFE coating can 
affect the overall mesh visibility. TiMesh (PFM 
Medical, Carlsbad, California) has a polypropyl-
ene mesh coating with titanium; however, the 
applied titanium layer ranges from 30 to 50 nm, 
which has minimal impact on the overall visibil-
ity of this mesh. Therefore, composite meshes are 
typically partially visible or indirectly visible, 
depending on the composition of the anti- 
adhesive coating.

 Biologic Mesh

Biologic meshes are derived from human, por-
cine, or bovine dermis. There is limited data 
regarding the visibility of these meshes on high- 
resolution imaging. As they are derived from 
native tissues, they are roughly the same density 

as surrounding tissues and can be difficult to 
visualize. They are designed to enable mesh inte-
gration and are processed to be immunologically 
inert, although biologic mesh can induce a dis-
proportionate inflammatory response, leading to 
significant scarring and encapsulation [19]. Some 
meshes do become incorporated, resulting in 
neovascularization, or completely degraded, with 
no trace of the mesh implant over time [20]. 
Imaging adjuncts such as the operative note and 
prior imaging can help identify the mesh loca-
tion. One study utilizing alloderm biologic mesh 
spacers in the abdomen and pelvis to protect vis-
cera from radiation showed increased attenuation 
of the biologic mesh over time, suggesting neo-
vascularization [21]. Therefore, we consider 
these meshes to be indirectly visible, depending 
upon the location, inflammatory response, and 
degree of tissue integration.

 Bioabsorbable Mesh

Several bioabsorbable meshes have been popu-
larized recently due to their ability to resist infec-
tion in a contaminated field and decrease cost 
compared to biologic meshes, with acceptable 
hernia recurrence rates and improved quality of 
life [22]. They are synthesized from absorbable 
materials but are not comprised of tissue-derived 
materials. They are relatively new to the hernia 
market and therefore information regarding 
imaging findings for these meshes remains 
sparse. Some can generate a robust inflammatory 
response, and using adjuncts, such as the 
 operative report to note location and size, they 
can also be indirectly visible on imaging.

Vicryl (Ethicon) is an absorbable mesh com-
prised of polyglycolic acid (PGA). It is degraded 
by hydrolysis and completely absorbed within 
3 months [23]. However, vicryl mesh is known to 
induce a strong host inflammatory response 
which may hinder tissue integration, so it may be 
indirectly visible on imaging prior to complete 
absorption [24].

Phasix (BD, Franklin Lakes, NJ) mesh is com-
prised of poly-4-hydroxybutyrate (P4HB), which 
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is a naturally derived polymer and is absorbed by 
hydrolysis over 18 months. It has been shown to 
produce a mild to moderate inflammatory 
response [25], which can aid in the detection of 
the mesh on imaging. In one patient 5  months 
postoperatively from a bridging Phasix abdomi-
nal wall reconstruction, the mesh could be visual-
ized due to inflammatory stranding surrounding 
the implant (Fig. 30.14).

Other bioabsorbable meshes include Bio-A 
(W.L. Gore) and TIGR Matrix (Novus Scientific, 
Uppsala, Sweden). These are also degraded by 
hydrolysis, but Bio-A is absorbed in 6  months 
versus TIGR Matrix which takes 3 years for com-
plete resorption. Presumptively, these meshes can 
be visualized by indirect means, such as inflam-
matory changes and known placement, prior to 
absorption as well.

 Mesh Locations in Hernia Repair

Consensus guidelines have been established by 
the International Hernia Collaboration for termi-
nology regarding mesh placement [26]. Correct 
descriptions of mesh location in relation to the 
abdominal musculature is helpful for identifying 
the mesh on imaging. Briefly, an onlay mesh is 
located above the anterior rectus sheath, while an 
inlay mesh is bridged between the rectus mus-
cles. Sublay mesh is behind the muscle; either in 
a retrorectus repair where the mesh lies above the 
posterior rectus sheath but below the rectus mus-
cles, or a retromuscular position after a posterior 
component separation. Mesh can also be placed 
in the preperitoneal space, or within the abdomi-
nal cavity as an intraperitoneal (IPOM) repair 
(Fig. 30.15).

ba

dc

Fig. 30.14 Patient underwent transverse rectus abdomi-
nis myocutaneous (TRAM) flap after left mastectomy in 
2017. Polypropylene mesh was placed at the time of 
TRAM flap in her rectus sheath defect in an inlay fashion 
between the left rectus and right semilunaris. She subse-
quently developed a hernia at the semilunar line and 
underwent ventral hernia repair with a 15x20cm piece of 

Phasix mesh in an inlay technique. (a) Appearance of 
polypropylene mesh (blue arrow) 13 months after place-
ment. (b) Hernia defect at the semilunar line where the 
mesh has separated (blue circle). (c) Inflammatory 
response around Phasix inlay mesh (blue arrow) 5 months 
after placement. (d) Inferior axial image of Phasix inlay 
mesh (blue arrow) with minimal inflammatory reaction
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Fig. 30.15 Illustration 
of the abdominal wall 
showcasing the different 
planes mesh can be 
placed. (Modified from 
[27])

 Adjuncts to Mesh Identification

In cases where mesh is not directly visible on CT 
imaging, indirect signs can be used to identify the 
location of the mesh. Metal tacks or other radi-
opaque devices are often used to secure the mesh 
to the abdominal wall. Additionally, mesh is a for-
eign body that creates local reaction and altera-
tions to the surrounding tissues, some more subtle 
than others. The ability to recognize these indirect 
signs can help in the identification of the mesh for 
surgical decision-making. This section will high-
light some of those adjuncts to mesh identification 
when the material itself is radiolucent.

 Tissue Distortion

As a foreign body, mesh is a flat sheet of material 
placed in direct contact with the abdominal wall. 
The mesh may be placed above, below, or between 
the myofascial planes as detailed in the previous 
section (Fig. 30.15). Local tissue reaction results 
in scar formation and fibrosis in the repaired area 
resulting in non-anatomic contortions in the local 
tissues. These undulations and distortions of the 
surrounding tissue can be readily visible if you are 
looking for them. Once detected, the abnormal 
plane can be followed to reveal the extended foot-
print of the mesh (Video 30.2).
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 Metallic Tacks/Staples

Metallic tacks and staples are often used to fixate 
mesh at the time of placement. Typically, a cir-
cumferential ring around the periphery is used to 
secure the mesh to the abdominal wall to prevent 
herniation around the edge of the mesh. These 
radiopaque markers act as fiducials to identify the 
outline of the mesh on the abdominal wall 
(Fig. 30.16). Future operative plans can be altered 
to avoid encountering the indwelling mesh on 
initial access. In Fig.  30.17, abdominal access 
may be most easily achieved through the right 
upper quadrant to avoid the prior ventral hernia 
repair, which appears to be misplaced toward the 
left upper quadrant.

Fig. 30.16 A 40 year old female with prior open onlay 
mesh repair following abdominal wall resection of endo-
metrial deposits. Plain abdominal X-ray demonstrates 
staples used to secure the mesh to the abdominal wall 
(blue outline). CT imaging confirms the mesh is placed in 
the onlay fashion based on the location of staples above 
the rectus muscles. In this situation, future abdominal 
access could be planned above the superior edge of the 
mesh with the expectation that intra-abdominal adhesions 
would not be affected by the prior mesh repair
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Fig. 30.17 This patient had a laparoscopic intraperito-
neal repair secured with metal tacks in two concentric 
rings along the periphery of the mesh. The tacks are visi-
ble on plan radiograph or CT imaging. Following the 

tacks through sequential cuts on coronal views (Images 
left to right are anterior to posterior) can give the outline 
of the mesh
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 Conclusion

Identification of mesh on imaging is a crucial 
step in the assessment of the abdominal wall and 
is a vital component of a hernia surgeon’s knowl-
edge base as it relates to the evaluation and man-
agement of patients with hernioplasty mesh. In 
this chapter, we covered many of the techniques 
that can be used to directly or indirectly identify 
mesh on imaging and discussed how this infor-
mation can aid in surgical planning and decision- 
making. We hope the real-world examples in this 
chapter illustrate the decision-making process the 
authors use in everyday practice and that you find 
these techniques useful and applicable to your 
own practice.
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31Acute and Chronic Postoperative 
Hernia Complications and Changes

Alaa Sada, Mazen Iskandar, and Omar M. Ghanem

 Introduction

Hernia is one of the most commonly encountered 
surgical pathologies that surgeons have to tackle 
on a daily basis. Despite the remarkable advance-
ment in the approach to hernias as well as the 
wide variety of open and minimally invasive per-
formed techniques, hernia repair complications 
are still deemed inevitable. In general, acute 
complications are those occurring in the immedi-
ate postoperative period whereas chronic compli-
cations occur weeks to months after an operation. 
It is of paramount importance for surgeons to rec-
ognize and treat the inescapable complications 
early and to be able to manage their patients’ 
expectations. In addition to a history and physical 
exam, imaging modalities serve as a valuable 
adjunct in identifying or ruling out potential 

complications. The need for the surgeon to review 
each imaging study cannot be over-emphasized.

In this chapter, we will discuss the most com-
mon acute and chronic complications in inguinal, 
ventral, and hiatal hernia repairs along with their 
radiographic presentation.

 Acute Inguinal Hernia 
Complications

The overall complication rate of inguinal hernia 
repair is relatively low irrespective of the tech-
nique performed. The most common acute com-
plications and their radiological presentations are 
highlighted below.

 Seroma

A postoperative seroma occurs when fluid accu-
mulates in the dead space following inguinal her-
nia reduction and repair. The incidence of seroma 
is dependent on the surgical approach used as 
minimally invasive techniques are associated 
with higher seroma rates compared to open [1, 2]. 
Complicating about 9–12% of inguinal repair 
cases, it rarely requires intervention [1]. Mostly, 
the diagnosis can be made clinically as acute 
postoperative seroma tends to present with a 
groin bulge in the early postoperative period 
causing patient discomfort. However, in some 
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cases, it is not as easy to differentiate between 
early hernia recurrence and seroma thus necessi-
tating radiological confirmation [2]. An ultra-
sound (US) or computed tomography (CT scan) 
can be obtained to confirm the diagnoses. In US, 
a seroma appears as hypo- or anechoic simple 
fluid collection while on CT scan it appears as a 
simple, homogeneous, water-density fluid collec-
tion with no septations or rim enhancement [3]. 
Management is usually conservative, especially 
in the acute phase.

 Hematoma

Hematoma formation following inguinal hernia 
repair develops in about 4–6% of cases [4]. It 
can present as a wound or scrotal hematoma with 
a higher incidence in patients on anti-coagula-
tion therapy [5]. The majority of hematomas 
present as a groin or scrotal mass and discomfort 
due to blood collection in the dead space that 
develops after hernia reduction [4]. Similar to 
seroma, most postoperative hematomas can be 
diagnosed clinically and they usually resolve 
without intervention. However, an US or CT 
scan may be necessary to rule out other compli-
cations. On US, acute hematoma appears as 
hyperechoic or heterogeneously echoic lesion 
while on CT scan it appears as a fluid collection 
with high attenuation on non-contrast images 

(Fig.  31.1) [6]. Hematomas if large and symp-
tomatic may require reoperation for evacuation 
but are commonly observed.

 Surgical Site Infections

Other acute complications following inguinal 
hernia repair include surgical site infection which 
develops in 1–3% of the cases. Features consis-
tent with acute infection make this occurrence a 
clinical diagnosis as well [1, 7]. US or CT scan 
have a limited role and are only obtained to rule 
out a deep extension of the infection or an 
abscess. An abscess on US shows as a hypoechoic 
fluid collection with or without septa and with 
hyperechoic rim. On CT scan, a deep infection or 
abscess appears as a fluid collection with hyper-
enhanced rim, surrounding soft tissue edema and 
fat stranding [6, 8]. The presence of gas pockets 
within the collection can be a distinctive feature 
in the appropriate clinical setting. Acutely, 
abscess in the groin in proximity to mesh pros-
thesis is managed with surgical drainage and 
mesh explantation.

 Small Bowel Obstruction

While the risk of small bowel obstruction in 
inguinal hernia repair is very low, the incidence is 
higher in laparoscopic repair including extraperi-
toneal and transabdominal approaches [9–13]. 
Small bowel obstruction can develop due to early 
adhesion formation or small bowel herniation 
into a trocar site [11]. Obstruction with barbed 
sutures or intraparietal hernia has also been 
reported [14]. Diagnosis can be made clinically 
along with an abdominal X-ray or CT scan sug-
gesting intestinal obstruction pattern including 
dilated loops of bowel with air-fluid levels on 
X-ray or dilated and decompressed loops of 
bowel on CT scan with a transition point [8]. The 
location of the transition point in addition to 
the  utilized intraoperative technique can help 
identify the cause and dictate the management. 
For example, acute bowel obstructions due to tro-
car site hernia mandates operative exploration.

Fig. 31.1 A CT scan axial image showing a hyperattenu-
ating simple collection (white arrow) status post inguinal 
hernia repair in a patient on antiplatelet therapy. The 
absence of rim enhancement or gas suggests a hematoma
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 Ischemic Orchitis

Vascular injuries during inguinal hernia repair 
are mostly due to venous compromise and can 
lead to ischemic orchitis and testicular atrophy in 
about 0.2–1.1% of cases [15, 16]. This complica-
tion usually presents with acute scrotal pain and 
diagnosis is confirmed with a Doppler 
US.  Absence of blood flow to the testicle is 
pathognomonic (Fig. 31.2) [17]. Orchiectomy is 
often needed once the diagnosis is established.

 Early Recurrence

There is no standard definition for early hernia 
recurrence. However, some studies define early 
recurrence when a hernia developes within 
2  months after surgery [18]. In contrast to late 
recurrence, early recurrence is mainly the result 
of technical failures rather than patient’s risk fac-
tors [18–20]. Early recurrence usually presents as 
a bulge and can be diagnosed clinically. When 
exam is not conclusive, US or CT scan can dif-
ferentiate recurrences from seromas or hema-
toma and may provide some insight into the 
cause of the recurrence. As shown in Fig. 31.3, 
recurrence appears as a hernia defect with pro-
truding hernia sac contents on US or CT scan. 
The old mesh can be appreciated at times on 
imaging [6].

 Bladder Injury

Despite its rare occurrence, bladder injury in 
inguinal hernia repair has been described follow-
ing both open and laparoscopic approaches [21, 
22]. The reported incidence is less than 0.07% 
[22]. Bladder injury can occur during trocar 
insertion or dissection in the space of Retzius 
especially in reoperative cases [23–25]. If 
encountered and noted intraoperatively, bladder 
repair with absorbable sutures can be performed 
[26]. Missed bladder injuries usually present in 
the first week after surgery with pelvic discom-
fort and distension. Bladder injury can be sus-
pected on US or CT showing paravesicular fluid 
collection and can be confirmed with a CT cysto-
gram which can show free intraperitoneal or 
focal pre-peritoneal contrast extravasation (Video 
31.1) [27].

 Chronic Inguinal Hernia 
Complications

 Chronic Pain

Chronic pain can complicate as much as 10% of 
inguinal hernia repairs [28]. The rate of debilitat-
ing pain affecting daily life is 0.5–6% [28]. The 
most common mechanisms for chronic pain 
include intraoperative nerve injury, inflammation 
leading to nerve entrapment by mesh as well as 

Fig. 31.2 Doppler US showing an edematous testicle 
(white arrow) 4 days after inguinal hernia repair. Since no 
arterial flow was established, a trans-scrotal orchiectomy 
was indicated

Fig. 31.3 CT scan obtained within 2 months after right 
inguinal hernia repair with mesh. An obvious fat- 
containing recurrence (black arrow) is observed. The 
mesh can be noted within the space of Retzius (white 
arrow)

31 Acute and Chronic Postoperative Hernia Complications and Changes
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Fig. 31.4 Patient with severe groin pain post laparo-
scopic hernia repair with mesh. Metallic tacks are seen 
below the level of anterior superior iliac spine (black 
arrow). Mesh is noted medially (white arrow)

Fig. 31.5 Patient presenting months after minimally 
invasive right inguinal hernia repair with mesh. Seen in 
the image is a right groin abscess in proximity to the mesh 
presumably due to an intra-abdominal pathology/
infection

mesh migration and meshoma [28, 29]. While the 
diagnosis of chronic pain is made clinically with 
a good history and physical exam including der-
matome mapping, diagnostic imaging is often 
obtained to rule out other causes such as seroma, 
hematoma, infection, or recurrence. CT scans can 
provide helpful details in the diagnostic work-up 
for chronic pain including anatomy, mesh loca-
tion, and presence of tacks which can be sus-
pected as a cause of chronic pain if found along 
the nerve tracks (Fig. 31.4).

 Recurrence

Inguinal hernia recurrence rates range between 
1.4 and 5% [4, 30]. The risk of late recurrence is 
directly related to the patient’s specific risk fac-
tors and technical differences including 
approaches, type and size of mesh, and surgeon’s 
experience/volume [4, 30]. Late recurrence can 
be diagnosed clinically or with an US or CT scan 
showing hernia defect with protruding content 
(bowel, pre-peritoneal fat, etc.) [6].

 Chronic Seroma

Chronic seroma formation after inguinal hernia 
repair is far less common than acute seroma. An 
US or CT is needed to differentiate between 

chronic seroma and hernia recurrence. In US, 
chronic seroma appears as hypoechoic septated 
fluid collection while on CT scan, it appears as 
homogeneous fluid collection abutting the mesh 
[3, 6].

 Mesh Infection and Erosion

While chronic mesh infection following ingui-
nal hernia repair is rare, it is a devastating com-
plication as it can require reoperation for mesh 
removal and subsequent reconstruction [31–
33]. The incidence of chronic mesh infection is 
reported around 0.35%, and is usually sus-
pected clinically. It presents with localized 
infection signs. However, and in some cases, 
systematic signs such as fever are seen [31]. If 
mesh erodes into bowel, it can result in entero-
cutaneous fistula [34]. When mesh infection is 
suspected, the patient needs to be started on 
broad spectrum antibiotics and diagnostic tests 
are obtained for confirmation. An US can show 
hypoechoic fluid collection with hyperechoic 
rim concerning for an  abscess formation. On 
the other hand, CT scan findings include a het-
erogeneous fluid collection and an enhanced 
rim abutting the mesh (Fig.  31.5). Other CT 
findings concerning infection include tissue 
edema and fat stranding [35].
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 Acute Ventral Hernia Complications|

In the United States, the estimated number of ven-
tral hernia repair cases is 348,000 annually and the 
number of cases continue to rise [36]. It is critical 
for clinicians and surgeons to be familiar with the 
common ventral hernia repair complications.

 Seroma

Ventral hernia repair is associated with postoper-
ative seroma in about 8–19% of cases [37, 38]. 
While seroma formation is a frequent occurrence 
after ventral herniorrhaphy, the rate of compli-
cated seroma or seroma requiring intervention is 
as low as 1.4% [37]. Seroma complicating ven-
tral hernia repair can be diagnosed clinically or 
radiologically with an ultrasound or a CT scan. 
On CT scan, seroma appears as a non-septated 
low attenuation fluid collection with or without a 
thin enhancing rim (Fig.  31.6), while on US it 
appears as simple hypoechoic noncomplex sim-
ple fluid collection (Fig. 31.7) [8].

 Hematoma

Swelling and discomfort can be indicative of a 
postoperative hematoma complicating a ventral 

hernia repair. The rate of postoperative hematomas 
does not differ significantly between open and lap-
aroscopic ventral hernia repairs [39]. In contrast to 
seromas, hematomas are characterized by higher 
fluid attenuation (30 and 80 Hounsfield unit (HU)). 
In addition, the hematoma content is often hetero-
geneous [40]. In some cases of active bleeding, an 
active blush or contrast extravasation can be seen 
with intravenous contrast-enhanced CT scan [8]. 
Hematoma management is dictated by the patient’s 
symptoms such as pain and/or physical exam find-
ings (for example, skin compromise).

 Pain

Postoperative acute pain after ventral hernia 
repair is expected to resolve within 4–6 weeks. 
Peripheral nerve injury or entrapment by mesh 
fixation can result in severe or persistent pain. 
The optimal mesh fixation method whether by 
tacks, sutures, or a combination of both is still 
debatable [41]. Nonabsorbable tacks are associ-
ated with a higher incidence of postoperative 
pain compared to absorbable ones. Furthermore, 
using more than 10 tacks can double the rate of 
acute postoperative pain [42]. While acute pain is 
diagnosed clinically, a CT scan or US can be 
obtained to rule out treatable causes of pain 
including seroma, hematoma, or recurrence.

Fig. 31.6 A simple non-septated hypoechoic fluid collec-
tion after a laparoscopic umbilical hernia repair consistent 
with a seroma as seen on US

Fig. 31.7 A simple fluid collection seen on CT scan post 
laparoscopic recurrent incisional hernia (previous ileos-
tomy site) compatible with an acute seroma

31 Acute and Chronic Postoperative Hernia Complications and Changes
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 Surgical Site Infection

Superficial site infections develop more fre-
quently in open compared to laparoscopic ventral 
hernia (9% vs. <2%) [8]. The rate of deep surgi-
cal site infection which can be associated with 
mesh infection and/or abscess formation is much 
lower and estimated to occur in less than 0.7% 
[38, 43]. If mesh infection or abscess formation is 
suspected, a diagnostic confirmation with a CT 
scan is needed to rule out bowel injury and assess 
the need for drainage either surgically or percuta-
neously [41, 43]. Findings on CT scan suggesting 
an infection include a mix of fluid and air collec-
tion along with an irregular rim enhancement [8]. 
On US, it appears as an ill-defined heterogonous 
hypoechoic fluid collection [8].

 Small Bowel Obstruction

While small bowel obstruction after ventral hernia 
repair is a rare complication that occurs in 1% of 
cases, it can lead to reoperation and increased mor-
bidity [38, 44]. Early adhesion formation, trocar 
site hernia, or ventral hernia recurrence can all lead 
to early small bowel obstruction and requires rapid 
diagnosis and intervention [44, 45]. Once small 
bowel obstruction is suspected, an abdominal x-ray 
can be obtained first and it typically shows air-fluid 
levels with dilated loops of bowels (Fig.  31.8). 
However, a CT scan usually provides more detailed 
confirmation regarding the location of obstruction 
and possibly the underlying cause [45]. Findings 
on CT scan suggestive of small bowel obstruction 
include dilated loops of small bowel with intralu-
minal fluids along with decompressed loops and a 
transition point, or a hernia defect with herniated 
loops of bowel [8, 45].

 Bowel Injury

Bowel injury during lysis of adhesions or tro-
car insertion occurs in 2% of ventral hernia 

repairs [46]. Despite its rare occurrence, enter-
otomy is considered one of the most serious 
complications associated with ventral hernia 
repair as it can increase the mortality rate to 
8% if the injury is not recognized intraopera-
tively [46]. Missed small bowel injury is usu-
ally suspected on a postoperative day one or 
two and presents with sepsis [46]. A CT scan is 
the radiological imaging of choice when a leak 
or enterotomy is suspected as it can show free 
intraperitoneal air, free fluid, and inflammatory 
changes (Fig. 31.9).

Fig. 31.8 An abdominal X-Ray with obvious distended 
loops of bowel 3 days post laparoscopic ventral hernia 
repair due to bowel adhesions to an intraperitoneal 
mesh

Fig. 31.9 A CT scan  obtained on postoperative day 
10  following emergent repair of an incarcerated ventral 
hernia with biologic mesh showing localized contrast 
extravasation from a non-healed serosal tear that 
was repaired during surgery 
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 Chronic Ventral Hernia 
Complications

 Chronic Pain

Chronic pain is present in around 17–28% of ven-
tral hernia repair cases [47, 48]. Although the diag-
nosis of chronic pain is made clinically, radiological 
images including CT scan or US are usually 
obtained to rule out other complications. Like the 
case in acute pain, chronic pain can be related to 
tacks that are utilized for mesh fixation. Metallic 
tacks are seen on CT scan or plain X-ray 
(Fig. 31.10). A radio-opaque marker may be placed 
at the point of tenderness for correlation [49].

 Seroma

While acute seroma formation is common after 
ventral hernia repair, the rate of seromas persist-
ing beyond 90 days is between 0 and 20%. The 
rate of seromas requiring intervention is between 

3 and 4% [41]. As discussed previously in chronic 
seroma following inguinal hernia repair, chronic 
seroma following ventral hernia appears as a 
fluid collection with a thick capsule on US or CT 
scan (Video 31.2) [40]. This thick capsule allows 
for complete excision of the seroma in symptom-
atic patients.

 Mesh Infection and Erosion

The incidence of chronic mesh complications 
including chronic infection, erosion into bowel 
and fistulization is low [50]. On US, a hypoechoic 
fluid collection with a hyperechoic rim concern-
ing for an abscess is noted. However, a CT pro-
vides further details, particularly in the setting of 
mesh erosion or fistula formation. CT scan find-
ings suggesting chronic mesh infection include 
heterogeneous complex fluid  collection around 
the mesh with adjacent edema and fat stranding 
[51]. Whereas, the existence of extraluminal air 
favors erosion or fistulization (Fig. 31.11) [52].

 Small Bowel Obstruction

The rate of late small bowel obstruction occur-
ring beyond 30 days after ventral hernia repair, is 
about 2–3% and differs in etiology compared to 
the acute postoperative period [47]. Similar to 

Fig. 31.10 Patient presenting with left lower quadrant 
focal point tenderness after a suprapubic hernia repair 
with mesh. Numerous metallic tacks are seen on plain 
X-Ray (black arrows) on the left and right side

Fig. 31.11 Colonic fistula tract (white arrow) noted on 
axial CT images obtained 3 months after emergenct her-
nia repair for bowel obstruction bridged with a Vicryl 
mesh. A fluid collection in the subcutaneous space is 
noted as well
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early small bowel obstruction following ventral 
hernia, chronic obstruction can be diagnosed on 
plain X-ray or CT scan suggesting distended 
loops of bowel with air-fluid levels and a transi-
tion point to collapsed bowel [40].

 Late Recurrence

Late ventral hernia recurrence is a known compli-
cation that occurs in up to 20% of cases [53]. 
Technical aspects related to recurrence include 
low mesh/defect size ratio or inadequate mesh- 
fascial edges overlap. Patient-related risk factors 
predisposing to a higher recurrence rate are poorly 
controlled diabetes, obesity, current smoking, and 
prior failed repairs [54]. While hernia recurrence 
can be seen on US, a CT scan is more helpful for 
operative planning as it can provide more infor-
mation about the defect size, previous mesh loca-
tion, and other anatomical features [41].

 Acute Hiatal Hernia Complications

While hiatal hernia repair is a safe and effective 
procedure that is performed widely in the United 
States, it is estimated that 3% of patients will 
require reoperation [55]. In this section, the 
radiological features for the most common acute 
and chronic complications are highlighted.

 Wrap Complications

Wrap complications can develop early after sur-
gery and usually present with persistent or severe 
dysphagia, spitting, and vomiting. While these 
symptoms are common and often self-limited, 
diagnostic images may be needed to rule out 
wrap complications [49]. A contrast upper gas-
trointestinal tract study (UGI) is the study of 
choice to delineate the wrap anatomy and func-
tion [56, 57]. On UGI, a tight wrap appears as a 
luminal narrowing with proximal esophageal 
dilation and delayed passage of contrast. A gas-

tric fundus pouching above the wrap indicates a 
slipped wrap [55]. An UGI study with an intact 
wrap above the diaphragm level implies a herni-
ated wrap and recurrence (Fig. 31.12) [55].

 Early Recurrence

The incidence of early recurrence following hiatal 
hernia repair ranges between 12% and 45% and 
depends on the technique, mesh utilization, and 
anatomical features [58–60]. Most hiatal hernia 
recurrences are asymptomatic and diagnosed inci-
dentally [61]. In contrast to clinical recurrences, 
radiologic recurrences do not require reopera-
tions. UGI is usually the study of choice when 
recurrence is suspected as it can provide details 
about hernia size, anatomy, location of the gastro-
esophageal junction along with the stomach ori-
entation in addition to delineating the wrap 
anatomy [25]. Findings on UGI that suggest 
recurrence include wrap disruption and gastric 
hernia at the hiatus level with the stomach or wrap 
above the level of the diaphragm (Fig.  31.13). 
This finding can also be seen on a CT scan with 
oral contrast [25]. If associated with symptoms, 
early recurrence usually requires reoperation.

Fig. 31.12 Intact wrap (black arrow) migrating into the 
chest seen acutely post paraesophageal hernia repair on 
UGI
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Fig. 31.13 Stomach herniation on postoperative day one 
after emergenct laparoscopic paraesophageal hernia repair 
(with no fundoplication) in a geriatric patient. A signifi-
cant part of stomach is seen above the level of the dia-
phragm (black arrow) 

Fig. 31.14 Delayed gastric emptying on an UGI showing 
contrast pooling (black arrow) within the distended stom-
ach (extending to the pelvis) 3 days after emergent parae-
sophageal hernia repair (without fundoplication). This 
was temporary and responded to motility agents

 Delayed Gastric Emptying (DGE)

Paraesophageal hernias are accompanied by 
some degree of DGE. Some studies have shown 
that fundoplication can improve DGE by enhanc-
ing gastric emptying [62]. That said, DGE can 
complicate hiatal hernia repairs especially in 
cases with giant paraesophageal hernias (>50% 
of stomach in chest) or in the setting of intraop-
erative vagal nerve injury [63]. The diagnosis is 
established by delayed emptying of stomach con-
trast on UGI (Fig. 31.14). It is confirmed with a 
gastric emptying scintigraphy study suggesting 
retention of more than 10% of radiolabeled 
Technetium at 4  hours or more than 60% at 
2 hours of standard low-fat meal [64].

 Seroma and Hematoma

Acute seroma or hematoma can develop follow-
ing hiatal hernia repair as serous or bloody fluids 
accumulate in the mediastinum [65]. 
Postoperative seroma/hematoma formation fol-
lowing hiatal hernia repair is diagnosed on CT 
scans showing fluid collections in the mediasti-

num. Hounsfield units can differentiate between 
simple serous collections and hematomas 
(Fig.  31.15). The absence of rim enhancement 
and air favor noninfected fluid collections and the 
absence of esophageal injury in the appropriate 
clinical setting.

 Esophageal Perforation

While esophageal perforation is not common 
after hiatal hernia repair, it is associated with sig-
nificant morbidity and mortality. The estimated 
rate is 0.9% after laparoscopic primary hiatal her-
nia repair and is increased to 6.5% reoperative 
cases [66]. Along with clinical signs and symp-
toms of an early leak, esophageal perforation can 
be diagnosed on CT scan or UGI study  suggesting 
extraluminal contrast extravasation. Findings on 
CT scan that suggest esophageal perforation or 
leak include pneumomediastinum, contrast 
extravasation, attenuation of mediastinal fat, 
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Fig. 31.16 CT scan of the chest showing a mediastinal 
collection containing air and fluid with rim enhancement 
suggestive of an esophageal leak after a giant paraesopha-
geal hernia repair

Fig. 31.15 CT scan showing esophagus (white arrow) 
with a surrounding small fluid collection in the mediasti-
num (encircled) after a paraesophageal hernia repair. The 
3.1 × 1.4 cm low-density fluid collection is present poste-
rior to the esophagus, without wall enhancement, wall 
thickening, or gas thus suggestive of a hematoma

localized mediastinal fluid with/without air, and 
pleural effusion (Fig. 31.16) [67, 68].

 Chronic Hiatal Hernia Complication

Late hiatal hernia complications and changes 
include hernia recurrence and wrap complica-
tions. In images, these chronic changes appear 
similar to those in the acute setting described 
above.
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32Preoperative Planning Utilizing 
Imaging

Desmond Huynh and Shirin Towfigh

 Inguinal Hernia: Primary Inguinal 
Hernia

 Recommended Imaging: Ultrasound, 
Sometimes MRI

In the setting of primary inguinal hernia, imaging 
serves as an adjunct to traditional history and 
physical exam. We do not recommend routinely 
ordering imaging prior to operation of primary 
inguinal hernias, as history and physical exami-
nation alone have been found to have sufficient 
sensitivity (74.5–92%) and specificity (93%) [1, 
2]. The addition of imaging may improve these 
numbers by a few percentage points [1].

In situations where imaging has also been 
done despite an obvious examination confirming 
inguinal hernia, the additional information can 
help with operative planning. For example, a CT 
scan showing bilateral direct inguinal hernias, an 
unsuspected femoral hernia, or bladder involve-
ment in the hernia, may change the discussion 
you have with the patient and the technique you 
offer (Fig.  32.1). The use of imaging is most 
important in situations where a definitive diagno-

sis for inguinal hernia cannot be made. For exam-
ple, the clinical examination may be equivocal, 
such as in the case of small inguinal hernias or 
in obese patients. Also, a patient may have groin 
pain due to an occult hernia, i.e., a non-palpable 
hernia that is symptomatic.

We recommend ultrasound as the preferred 
first-line study. It is quick, relatively inexpen-
sive, proposes no radiation to the patient, and 
is readily accessible in most centers and cities. 
That said, ultrasonography is not the most sensi-
tive study. For inguinal hernias, meta-analysis of 
seven studies shows a wide range of accuracy for 
ultrasound [3] (Table 32.1). Most studies show-
ing high accuracy for ultrasound in inguinal her-
nia are performed on clinically palpable inguinal 
hernias, where the need for adjunct imaging is 
questionable. Also, many studies are performed 
in centers with dedicated hernia radiologists.

In our experience with patients in the com-
munity seeking consultation for groin pain or 
with unclear diagnosis for inguinal hernia, we 
have reported much poorer results from ultra-
sound reports (56% sensitivity, 0% specificity) 
[4] (Table  32.2). Further, in the case of occult 
inguinal hernias, we have shown that ultra-
sound has 33% sensitivity and 0% specificity [4] 
(Table  32.3). This is because the positive pre-
dictive value of ultrasound was 100%, but the 
negative predictive value was nil in this subset 
of patients. Ultrasound has also been shown to 
be inaccurate in identifying hernia anatomy. For 
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Fig. 32.1 Ultrasound (a), non-contrast CT scan (b), and 
non-contrast MRI (c) pelvis showing inguinal hernias. 
With ultrasound, the use of Valsalva helps identify her-
nias. On CT scan, the “mickey mouse” sign shown is sug-

gestive of bilateral direct inguinal hernias. MRI is much 
more sensitive and here shows occult bilateral direct and 
left femoral hernias, with fat content

Table 32.1 Diagnostic performance of ultrasonography for the detection of inguinal hernia. Occult hernias are non- 
palpable, symptomatic hernias. Modified from [3]

n TP FP TN FN PPV, % nPV, % Sensitivity, % Specificity, %
Clinically 
obvious

190 188 0 2 0 100 (98–100) 100 (34–100) 100 (98–100) 100 (34–100)

Mixed 715 509 31 160 15 94.3 (92–95.9) 91.4 
(86.3–94.7)

97.1 
(95.3–98.3)

83.8 
(77.9–88.3)

Occult 401 89 32 190 13 73.6 (651–80.6) 93.6 
(89.3–96.2)

87.3 
(79.4–92.4)

85.5 
(80.3–89.6)

Total 1306 786 63 352 28 92.6 
(90.6–94.2)

92.6 
(89.5–94.8)

96.6 
(95.1–97.6)

94.8 (81–87.9)

Numbers in parentheses are 95% confidence intervals. FN indicates false-negative; FP false-positive, TN true negative, 
and TP true positive

Table 32.2 Comparison of imaging modalities for detection of non-occult inguinal hernias. Modified from [4]

Sensitivity Specificity
Predictive value
Positive Negative

Ultrasonography 0.56 0.00 1.00 0.00
Computed tomography 0.77 0.25 0.96 0.04
Magnetic resonance imaging 0.91 0.92 0.97 0.79

Table 32.3 Comparison of imaging modalities for detection of occult inguinal hernias. Modified from [4]

Sensitivity Specificity
Predictive value
Positive Negative

Ultrasonography 0.33 0.00 1.00 0.00
Computed tomography 0.54 0.25 0.86 0.06
Magnetic resonance imaging 0.91 0.92 0.95 0.85

example, ultrasound can accurately differentiate 
between medial and lateral inguinal hernia in 
62%, which is only slightly more accurate than 
physical examination (54%) [1].

Ultrasonographic results for inguinal hernia 
are very user-dependent. In the United States, 
most ultrasounds are performed by a technician 

and not by a radiologist. When ordering, the sur-
geon should clearly request a “hernia ultrasound,” 
and not an abdominal ultrasound, groin ultra-
sound, or pelvic ultrasound, as each has its own 
standardized protocol and will not provide appro-
priate evaluation for inguinal hernias. The typical 
protocol for a hernia ultrasound includes, at the 
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least, a focus on the inguinal canal. Valsalva tech-
nique is recommended, but not mandated, in most 
protocols [5] (Fig.  32.1). Also recommended is 
that the patient is asked to stand, cough, move 
their leg around, etc., to optimize the ultrasound 
results. What we have noticed more commonly is 
that the technician has the patient supine only and 
asks them to perform a valsalva maneuver; this 
may not be adequate. An imperfectly performed 
hernia ultrasound, added to a disconnect between 
the technician who is performing the ultrasound 
and the radiologist who is interpreting it, maybe 
the reason why we see lower value and usage 
of hernia ultrasound in the United States than 
in other countries. Regardless, since ultrasound 
has a high positive predictive value, no further 
study is required if it confirms an inguinal hernia 
(Fig. 32.2).

For efficiency of care, surgeons can learn to 
use an in-office ultrasound, coupled with their 
clinical examination. Many offices and clinics 
have point-of-care ultrasounds used by various 
specialists that can be shared to reduce the cost 

of purchasing a dedicated ultrasound. Courses 
to learn how to perform ultrasonography are 
available through various outlets, including the 
American College of Surgeons (https://www.
facs.org/education/accreditation/verification/
ultrasound).

In the case where there is a clinical suspi-
cion for inguinal hernia, and ultrasound is nega-
tive, we recommend MRI pelvis as the next step 
(Fig. 32.2). We do not recommend CT scans. That 
said, CT scan is likely ordered more commonly in 
the United States due to its accessibility. In many 
institutions, it is more efficient to order a CT scan 
than even an ultrasound. CT is also the imaging 
study that general surgeons are most comfortable 
reading themselves. However, CT scans are tra-
ditionally poor studies for the pelvis and for soft 
tissue anatomy, and hence its low value for evalu-
ation of inguinal hernias that are not clinically 
notable [6]. Our study shows that CT scan of the 
pelvis poorly evaluates for inguinal hernias (77% 
specificity, 25% sensitivity, 96% PPV, 4% NPV) 
[4] (Table 32.2). CT is especially poor for occult 

Fig. 32.2 Diagnostic algorithm for most efficient use of imaging when there is clinical suspicion of inguinal hernia
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inguinal hernias, which are situations in which 
imaging is most valuable to confirm a clinical 
suspicion (54% specificity, 25% sensitivity, 85% 
PPV, 6% NPV) [4] (Table 32.3).

Based on our studies, we have shifted to MRI 
pelvis as the modality of choice for hard-to- 
evaluate groin pathology. MRI has been found to 
have diagnostic specificity of 96.3% and sensitiv-
ity of 94.5% [7]. For most clinical suspicions of 
inguinal hernias, our study shows MRI has 91% 
sensitivity, 92% specificity, with 97% PPV, and 
more importantly, the highest NPV, 79%, of all 
the imaging studies [4] (Table 32.2) For this rea-
son, we skip CT scan and choose MRI pelvis as 
the next modality if ultrasound is “negative” and 
there remains a clinical suspicion for inguinal 
hernia, such as a convincing history or suggestive 
physical examination (Fig. 32.2).

The protocol we recommend to maximize the 
useful findings on MRI is provided to you here 
in “radiology speak” so that you can share it with 
your radiology team (Fig. 32.3). We recommend a 

non-contrast MRI of the pelvis, preferably 3 T, but 
1.5 T is adequate. Both T1 and T2 images must be 
captured, and, importantly, all three views (coro-
nal, axial, and sagittal) must be provided for the 
best evaluation. We find it is also important to add 
dynamic views, i.e., those with valsalva, in order to 
evaluate for small or occult hernias. This involves 
a bit more work for the technician, and more imag-
ing for the radiologist to read, but is a valuable 
addition and capability of the MRI. For example, 
we have had multiple patients for whom the static 
MRI studies did not show a hernia, but the bear 
down views with valsalva were able to demon-
strate a small inguinal hernia, which was clinically 
significant (Fig.  32.1). At some more advanced 
institutions, the bear down views of the MRI may 
also be provided as a video loop. These are fun and 
educational to view, but often not necessary if the 
pictures of the bear down views with valsalva with-
out the video component can be provided.

Imaging findings alone should not be the 
sole indication for any surgical intervention. 

Axial, sagittal, and Coronal T2 HASTE with breath hold
Axial, sagittal, and Coronal T2 HASTE with valsalva
Single-slice sagittal plane dynamic valsalva acquisitions - typically about 5
individual acquisitions, both through and on either side of the fiducial marker
Axial T1 gradient echo
Axial T2 fat sat (either fast-spin echo or STIR depending on the machine)

•
•
•

•
•

For all of our groin pain MR studies, we have the patient place a fiducial
marker on the site of pain.
We prefer 3Tesla MRIs, though 1.5T is acceptable. Open MRIs are not
acceptable, as they lose resolution for the pelvis.
The following are then acquired:

for Non-Contract Dynamic MRI Pelvis
for Imaging of Occult Inguinal Hernias

MRI PROTOCOL

1.

2.

3.

Fig. 32.3 Beverly Hills 
Hernia Center dynamic 
MRI pelvis protocol
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The history is the most important part of the 
patient’s evaluation. The examination is also 
very important, though in some situations, such 
as an occult inguinal hernia, the findings may 
be minimal, such as focal tenderness or fullness 
alone. There must be concordance between the 
history and the imaging findings, and hopefully 
an examination that further supports the imag-
ing findings. This concept of double and triple 
concordance is seen throughout various special-
ties in surgery, and should also apply to hernia 
surgery. What we wish to minimize is operat-
ing on inguinal hernias that are asymptomatic, 
especially those that are not the primary cause 
for the patient’s symptoms. This is a particular 
problem for inguinal hernias, as they are com-
mon and may be noted on imaging while they 
may be asymptomatic and not the primary cause 
for the patient’s symptoms.

Patients with incidental imaging finding of 
inguinal hernia should not be automatically con-
sidered for hernia repair, as we know that watch-
ful waiting is a safe option in male patients with 
asymptomatic or minimally symptomatic hernias 
[8]. The main exception is an asymptomatic but 
incidentally noted femoral hernia. It would be 
considered standard of care to electively repair 
asymptomatic femoral hernias, to protect against 
a relatively high rate of strangulation and death 
as compared to all other hernias [9] (Figs. 32.1 
and 32.4). A detailed history and physical exami-
nation will help determine if the inguinal hernia 
noted on imaging requires surgical repair.

 Inguinal Hernia: Complications, 
Post-inguinal Herniorrhaphy Pain, 
Chronic Pelvic Pain

 Recommended Imaging: MRI, 
Sometimes CT or High-Resolution 
Ultrasound

Repair of an inguinal hernia may be complicated 
by seromas, hematomas, infection, recurrence, 
and chronic pain such as due to meshoma (i.e., 
balling of mesh), nerve entrapment. These may 
require another operation, and imaging plays an 
important role in preoperative planning.

 Early Postoperative Complications

In the acute setting, most patients with pain will 
not require reoperation. Seromas may require 
aspiration, and ultrasound guidance may be help-
ful, especially in-office ultrasounds. Infections 
are fortunately uncommon and are typically 
superficial. A seroma will appear as a hypoechoic 
collection with a hyperechoic posterior margin 
secondary to posterior acoustic enhancement [7] 
(Fig. 32.5). On ultrasound, hematoma will have 
heterogeneity with dependent layering. This is 
helpful, as we typically do not aspirate or drain 
hematomas. It can be difficult to discriminate 
between a hematoma and an abscess on ultra-
sound sometimes, as they both demonstrate het-
erogeneity of fluid contents.

ba c

Fig. 32.4 Left femoral hernia on CT scan involving small intestine viewed in coronal (a), axial (b), and sagittal (c) 
views. Note anatomically how the bowel is under the iliopubic tract and medial to the femoral vessels
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Fig. 32.5 Ultrasound findings of postoperative seroma (a), hematoma (b), and abscess (c) on ultrasound. Note the 
progression in heterogeneity in the fluid collection

a

b

Fig. 32.6 CT (a) and MRI (b) pelvis of the same patient 
with infected right groin mesh. CT shows ePTFE mesh 
very distinctly bright. The surrounding soft tissue was 
interpreted on CT as “normal postoperative changes.” 
MRI correctly identified the soft tissue as inflamed and 
thus diagnosed a mesh infection

If there is suspicion for a deep infection, 3D 
imaging is important to help rule out involvement of 
the mesh. CT of the pelvis can be used to help eval-
uate a collection, and MRI is our preferred study. 
Sophisticated ultrasonographers with high-resolu-
tion ultrasounds can gather good information, but 
that is not likely in most areas of the United States.

In the case of obvious abscesses, CT scan may 
be adequate for preoperative planning. Typical 
findings include heterogeneous collections 
exhibiting rim enhancement, and may contain 
gas or be associated with significant stranding.

Better than ultrasound and CT, MRI can pro-
vide a wider appreciation of the involvement 
of the repair, if any, with the infection, includ-
ing any infection deep into the mesh implant. 
Structures deep into the mesh can be difficult to 
assess via ultrasound due to acoustic distortion. 
MRI can best visualize the mesh distinct from its 
surrounding soft tissue, whereas on CT scan, the 
mesh and surrounding tissues are similar. MRI 
can also better differentiate between a fluid col-
lection, such as hematoma or seroma, versus an 
abscess or infected fluid collection (Fig. 32.6).

 Critical Situations: Mesh Infection, 
Intestinal Obstruction

CT scan is best used in acute settings and for 
critical situations, such as in management of a 

significant infection or pelvic abscess. If a mesh 
was implanted in the index repair, the location 
of the infection relative to the mesh will dictate 
the operative plan. If there is clearly normal tis-
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sue separating the mesh from the abscess, then 
the abscess may be treated expectantly with 
antibiotics and drainage. If the abscess is abut-
ting the mesh or the mesh is within the collec-
tion, then CT will help plan the extent of surgical 
debridement and mesh is almost always removed 
in this process. However, in more subtle low-
grade infections, CT scan may be interpreted as 
normal postoperative changes, whereas MRI 
will show a distinct infection of the mesh with 
an associated fluid collection in the soft tissue 
(Fig. 32.6).

Also, CT scan is valuable in the evaluation of 
intestinal obstruction after inguinal hernia repair. 
This can occur as a result of adherence to or ero-
sion of mesh, such as a retroperitoneally placed 
mesh. Intestinal obstruction, as a result of an 
internal hernia at the site of peritoneal rent after 
laparoscopic hernia repair, can occur with both 
the totally extraperitoneal (TEP) or, more com-
monly, transabdominal preperitoneal (TAPP) 
approaches. CT scan of the pelvis with or even 
without oral contrast will help in the rapid evalu-
ation of a patient with intestinal obstruction after 
inguinal hernia repair. IV contrast is usually not 
necessary and does not add to the findings or 
operative planning.

 Post-Inguinal Herniorrhaphy Chronic 
Pain

In the chronic setting, imaging is an important 
adjunct to clinically evaluating patients. In our 
practice, all patients undergo imaging as part of 
their evaluation of post-inguinal herniorrhaphy 
chronic pain. This is because there are a wide 
variety of causes of pelvic pain and groin pain, 
and meticulous evaluation is necessary before 
undergoing any operative planning. The algo-
rithm for evaluation and treatment of post- 
inguinal herniorrhaphy chronic pain is complex 
and lengthy and outside the scope of this Chapter.

The role of imaging is multifold: First, it helps 
confirm what type of operation has already been 
performed. Sometimes operative reports may be 
missing, not informative, or inaccurate. We have 
seen situations where there was an operative 

report for a Lichtenstein anterior mesh placement, 
whereas a posterior Kugel-type mesh repair was 
performed. We have also seen operative reports 
for laparoscopic mesh repair where they failed 
to note that a keyhole technique mesh repair was 
performed. Lastly, we have read reports noting 
the use of “some tacks” for securing the mesh, 
and yet almost 20 tacks were found on imaging. 
All of these details can be gathered from good 
imaging and will significantly impact preopera-
tive planning.

In general, for forensic imaging of inguinal 
hernia repairs, we prefer MRI. As noted above, 
MRI can best differentiate details and subtleties 
of the mesh anatomy from the rest of the soft tis-
sue. CT scan, meanwhile, often shows mesh as 
a similar shade of grey as that of the surround-
ing structures, and lightweight meshes are nearly 
impossible to view on most CT scans. One 
notable exception is ePTFE; this mesh, though 
uncommonly used for inguinal hernias, shows as 
bright white on CT scan (Fig. 32.6). Ultrasound 
is often not useful, as the scar tissue from the her-
nia repair and the mesh implant can distort the 
acoustic signal and limit the amount of informa-
tion one can gather. On the horizon is the use of 
high definition and 3D ultrasound in pelvic floor 
and pelvic mesh evaluation, and so in a few spe-
cialty centers this experience is being translated 
to evaluation of hernia mesh and chronic pelvic 
pain [10].

We recommend using the dynamic MRI pelvis 
hernia protocol in Fig. 32.3. MRI is capable of 
detecting the most common mesh materials, such 
as polypropylene and polyester, with surround-
ing fat density highlighting its location [11, 12]. 
Mesh is best evaluated on T1 and appear as dark 
linear strips slightly thicker than the surrounding 
fascial plane [7]. On T2 and other fluid-focused 
sequences, mesh is more difficult to identify. 
Review of imaging should rule out mesh-related 
problems, such as mesh folding or meshoma, 
and any inflammation associated with the mesh, 
as well as non-mesh problems, such as fluid col-
lections and hernia recurrence. A meshoma may 
have a mass effect onto nearby structures, clini-
cally presenting as pain with hip flexion (mass 
effect on psoas), neuropathic pain (impingement 
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of a nerve), and/or urinary frequency and urgency 
(mass effect on bladder) (Fig. 32.7).

Imaging of the mesh placement and integrity 
is one of the main reasons we image all patients 
we evaluate for post-inguinal herniorrhaphy pain. 
In some cases, for example, the patient may have 
a clinically obvious hernia recurrence, and per-
haps the surgeon may not feel further evaluation 
by imaging is necessary. However, the recurrence 
may be as a result of mesh folding or meshoma, 
and the patient’s symptoms may be related to 
the meshoma, not to the recurrence (Fig.  32.8). 
Imaging that shows both meshoma and recurrence 
may influence operative planning, as surgical mesh 
removal is the only cure for meshoma-related pain.

The dynamic nature of the MRI protocol will 
help identify small hernia recurrences or unsta-

ble repairs. We see this sometimes in patients 
undergoing laparoscopic patch repair of a large 
direct hernia. The patient’s symptoms may 
recur, as the mesh billows into the direct defect. 
This is technically not a hernia recurrence, as 
the mesh repair is intact and bridges the defect. 
However, we consider this an unstable repair, 
as the mesh basically falls into the direct hernia 
weakness, reproducing symptoms. A dynamic 
image can help elucidate this problem. In gen-
eral, smart use of imaging will help direct the 
surgeon as to the best plan of care. Again, the 
findings should be correlated with the clinical 
history.

In addition to evaluating the mesh on imag-
ing, it is important to take note of any fixation 
materials such as sutures or tacks, which may be 
contributing to the patient’s symptoms. Either 
of these may be noted on MRI as circular arti-
facts. If the reason for chronic pain is excessive 
or unsafe placement of tacks (e.g., in the triangle 
of pain), we recommend a plain X-ray of the area 
(Fig. 32.9). Of course, this is only helpful if the 
tacks are metal. Absorbable tacks will not show 
on plain X-ray or on CT scan. They may be found 
on ultrasonography or MRI, as artifacts. Imaging 
can help guide surgical removal of the tacks. In 
the case of removing metal tacks, intraoperative 
fluoroscopy is helpful. Imaging can also help 
guide any diagnostic injections and nerve blocks 
if there is an associated neuropathy from the tack 
placement.

Fig. 32.7 Left groin meshoma due to mesh plug with 
ipsilateral distortion of bladder as seen on axial view of 
CT scan with IV contrast

a b

Fig. 32.8 MRI pelvis coronal view of right inguinal hernia recurrence with large preperitoneal fat extending into scro-
tum (a) due to folding of preperitoneal mesh (b) with possible meshoma as a cause of postoperative chronic pain
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Fig. 32.9 Plain film AP pelvis radiograph following lap-
aroscopic bilateral inguinal hernia repair demonstrating a 
large number of spiral metal tacks, many in the triangle of 
pain

 Neuropathic Complications

During inguinal hernia repair, the vulnerable 
nerves are the iliohypogastric, ilioinguinal, 
 genitofemoral, and lateral femoral cutaneous 
nerves. These may be injured or entrapped by 
mishandling, scar, mesh, suture, or other fixation 
types, leading to neuropathic pain. This can 
include dermatomal burning and/or hypersensi-
tivity. Though challenging to perform and inter-
pret, high definition, 3D ultrasound, and MR 
neurography can help evaluate these small 
peripheral nerves. On routine non-contrast MRI, 
the nerve entrapment, perineural fibrosis, and 
neuroma will appear as T2 hyperintensity within 
the nerve. This is more likely if there is a signifi-
cantly large neuroma. If routine MRI findings are 
equivocal or require further interrogation, MR 
neurography may be helpful. These are highly 
specialized imaging modalities, use a 3 T mag-
net, and suffer from low signal-to-noise ratios7. 

In our practice, we have foregone the routine use 
of MR neurography. This is because clinical find-
ings, and response to nerve blocks, are almost 
always diagnostic; we have noted no added value 
to imaging the nerves themselves. In situations 
where a hernia specialist is not able to evaluate 
the patient, then such imaging, with positive find-
ings, may help lead the patient toward seeking 
treatment aimed at the nerves involved.

 Chronic Pelvic Pain

In challenging cases of chronic pelvic pain, MRI 
not only serves as a highly effective means for 
detecting inguinal hernia but also provides imag-
ing of the entire pelvis and thus other disorders 
that can cause pelvic pain. This includes an initial 
evaluation of the hip joints and the muscles of the 
hip girdle and pelvis. It will also show some 
intra-pelvic diseases, such as that of rectum, 
bladder, and gynecologic organs, and soft tissue 
disorders. MRI pelvis can also help identify dis-
orders that can confound an evaluation of groin 
pain and hernia, such as hip labral tear, femoroac-
etabular impingement, iliopsoas tendonitis, hip 
bursitis, osteitis pubis, avascular necrosis of the 
femoral head, and various pelvic and hip girdle 
tendinopathies and strains, including that of the 
adductor and rectus muscles. With the dynamic 
imaging protocol, laxity of the pelvic floor may 
also be noted, such as with ligamentous laxity 
and pelvic floor organ prolapse (rectocele, cysto-
cele, enterocele), all of which can cause groin 
and pelvic pain.

 Ventral Hernia: Primary Ventral 
Hernia

 Recommended Imaging: CT Scan, 
Sometimes Ultrasound

For evaluation of primary ventral hernias, our 
imaging modality of choice is CT scan. It can be 
ordered with or without oral contrast and often 
does not require IV contrast unless you are con-
cerned about intestinal ischemia or an infectious 
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process. The CT scan can be ordered with or 
without valsalva. For ventral hernias, most are 
evident without valsalva and so valsalva should 
only be used in cases of occult hernias.

In general, imaging is helpful for most ventral 
hernias as an adjunct to the physical examination. 
The exception would be small simple umbilical 
or epigastric hernias, where the clinical decision- 
making is straightforward and imaging is almost 
never necessary. Information gathered from a CT 
can help guide operative planning. For example, 
it will help quantify the dimensions of the defect, 
the girth of the associated muscles, whether there 
is an associated rectus diastasis, and insight into 
sac content (e.g., intestine, omentum, preperito-
neal fat).

In some situations, the surveillance of other 
abdominal pathology may also be helpful. For 
example, in the situation of a large or complex 
abdominal wall hernia, a significant finding 
of gallstones, a hiatal hernia, or massive intra- 
abdominal or retroperitoneal fat may prompt the 
surgeon to delay elective hernia repair. Perhaps in 
these situations, the surgeon should address other 
medical problems, such as biliary colic, acid 
reflux, and obesity, respectively, as examples.

In planning ventral hernia repair, the two 
major questions to be answered in the decision- 
making process include: a) what operative 
approach should I take, and b) do I need mesh, 
and if so, which one and what size? The first data 
point to help make these decisions is defect size. 
This is easily and accurately measurable on CT 
scan. The most important measurement is the 
maximum defect width, as most guidelines show 
defects up to 1 cm do not need mesh and defects 
6 cm or greater require some sort of separation 
of abdominal wall components in order to close 
the defect. If the defect is wide, then CT scan 
evaluation of the girth of the abdominal muscles 
will help determine if the patient is a good can-
didate for a component separation, for example. 
In patients with thinned muscles, anterior com-
ponent separation results in even further attenu-
ation and weakness of the abdominal muscles, 
and a posterior transversus abdominis release 
may therefore be preferred. Similarly, if the CT 
scan shows the hernia to be within a wide rectus 

diastasis, that information may change the opera-
tive plan for a primary repair, as the risk of fail-
ure may be higher (Fig. 32.10). In this situation, 
perhaps the use of mesh, performing a plication 
of the diastasis, or even considering a concomi-
tant abdominoplasty would be a better long-term 
option for the patient, with a lower risk of hernia 
recurrence at the thinned linea alba.

For some primary hernias, their characteriza-
tion on CT scan may be diagnostic and thus will 
clarify the diagnosis. For example, evaluation 
of an enigmatic abdominal fullness may show 
on CT scan to be a Spigelian hernia, with intact 
external oblique muscle. Other rarer hernias, 
such as lumbar, perineal, and sciatic hernias, may 
be best characterized and diagnosed by CT scan 
(Figs. 32.11 and 32.12). The preoperative plan-
ning for these rare hernias is critical, as open 
vs. laparoscopic vs. robotic approaches are well 
described, and mesh choice and placement is 
critical to the best outcomes. Repair of these her-
nias involves knowledge of anatomy and critical 
structures nearby, and imaging is a useful guide 
for this.

Ultrasound is another option for imaging of a 
ventral hernia. This is an easily performed pro-
cedure in the office, if available. It can quickly 
quantify the dimensions of a small umbilical or 
epigastric hernia or the width of a suspected rec-
tus diastasis. The benefit of ultrasonography is 
that it can be a dynamic study. In areas of unclear 
pathology, ultrasound can be useful to elicit val-
salva maneuvers to identify an occult hernia. 

Fig. 32.10 Fat-containing epigastric hernia noted within 
a rectus diastasis on CT scan abdomen, non-contrast, axial 
view
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Fig. 32.11 Left perineal hernia with intestinal content as noted on MR pelvis scan axial (a), coronal (b), and sagittal 
(c) views. Dynamic studies with Valsalva can help accentuate pelvic hernias

Fig. 32.12 Right sciatic notch hernia with small intestine 
content, noted in a patient with complaint of sciatic pain 
and fullness, MRI pelvis axial view. Note the radio- 
opaque marker over right upper buttock

Nevertheless, in larger or more complex hernias, 
the findings from a CT scan far outweigh those 
from ultrasonography.

MRI is an option for three-dimensional 
abdominal wall hernia surveillance without 
imposing the risk of radiation. However, most 
MRI protocols of the abdomen or pelvis are not 
performed to optimize abdominal wall pathology 
and thus are inadequate for ventral hernia assess-
ment. For ventral hernia purposes, the MRI must 
be ordered as an anterior soft tissue study, and 
without contrast.

 Ventral Hernia: Incisional Hernia

 Recommended Imaging: CT Scan

For reoperative ventral hernias, i.e., incisional 
hernias, preoperative imaging plays an even more 

important role in preoperative planning. We rec-
ommend that all patients with incisional hernias 
undergo imaging prior to hernia repair. The data 
gathered is important for preoperative planning, 
mostly to optimize the decision-making toward 
the best surgical approach so that the patient has 
the lowest risk of yet another recurrence and of 
other complications.

CT scan will identify not only the dimensions 
of the hernia and the muscle girth, as described 
with primary ventral hernia evaluation, but it may 
also help assess why there was a hernia recur-
rence. This is valuable information when planning 
revisional surgery. Preoperative CT scanning will 
show the mesh, if present, and whether it pulled 
away, buckled, or is bellowing into the defect 
or a rectus diastasis (Figs.  32.13 and 32.14). It 
will also determine whether there are other her-
nias that are missed on physical  examination, 
such as in Swiss cheese-type incisional hernias. 
Importantly, it will also help assess the intestines 
or other nearby organs. This is valuable informa-
tion in revisional surgery, to reduce the risk of 
intestinal injury when approaching the hernia. 
It will also identify failures from a prior repair 
so that your technique can be modified to best 
address that (Fig. 32.13).

As with reoperative inguinal hernias, the first 
step in approaching a revisional ventral her-
nia repair is to completely understand the prior 
repair. Operative reports may not be available or 
may be inadequate or misleading in their report-
ing. In some situations, for example, operative 
reports may claim components separation, but 
imaging shows indeed no separation was per-
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Fig. 32.14 CT axial view of abdominal bulging. This is 
status post a mesh-based midline hernia repair. The mid-
line mesh, barely visible, is billowing into the defect. 
Technically, there is no hernia recurrence, as the defect 
has been bridged, but the patient likely does not have a flat 
abdominal wall contour

Fig. 32.15 CT axial view of a patient with incisional her-
nia and loss of domain. Note that more than 50% of the 
abdominal contents are extra-abdominal and there is a 
large amount of preperitoneal fat

Fig. 32.13 Recurrent incisional hernia of the left flank 
with fat content, posterior to the left kidney, CT scan axial 
view. Note the failure of the intraperitoneal mesh at its 
most posterior extension and the multiple tacks that delin-
eate the repair

formed. This is valuable information in order to 
plan the next operation.

Attempts have been made to objectively pre-
dict the surgical technique and the required size 
of mesh by using preoperative CT scan imaging. 
In 2018, Carbonell et  al. showed that a Rives- 
Stoppa technique for ventral hernia repair would 
be sufficient if the sum of the widths of the 
patient’s rectus abdomini at least equals twice the 
width of the defect, as measured on CT. In most 

patients, this means defects up to 10  cm wide 
can be repaired via retrorectus mesh repair [13]. 
However, some patients have retracted muscles 
and may require further lengthening, such as 
with preoperative chemodenervation (e.g., with 
botulinum toxin injections) or with a more exten-
sive components separation operation (e.g., ante-
rior Ramirez or posterior transversus abdominis 
release). This information, mostly gathered from 
imaging, can help with informed consent of the 
patient as well as operative timing and planning 
with the operating room team.

Patients with defects measured to be 10  cm 
or greater may present with concurrent loss of 
domain11. While there is some inconsistency in 
the literature, loss of domain is typically defined 
as hernia in which the sac contains 50% or more 
of the abdominal contents. This is best measured 
via CT scan axial views (Fig. 32.15). To provide 
the best chance of successful closure and repair 
in these patients, the surgeon may choose preop-
erative adjunctive therapies, such as progressive 
preoperative pneumoperitoneum and chemode-
nervation, (e.g., via botulinum toxin injections).

D. Huynh and S. Towfigh
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The appearance of mesh on CT depends on 
the mesh material. In general, heavyweight mesh 
and ePTFE mesh are the most readily visible, 
whereas, lightweight mesh can be more difficult 
to see [11, 12, 14–16]. CT scan allows for the 
evaluation of the position of the mesh in relation-
ship to hernia as well as to other internal organs, 
such as the intestines, bladder, and stomach. 
Most mesh will appear on CT scan as a thin body 
in distinct contrast to surrounding fat. The mesh 
may also be wrinkled or have a non-anatomic 
contour, which helps differentiate it from the sur-
rounding structures.

 Complications: Fluid Collections, 
Chronic Pain

In situations where there are complications, such 
as a seroma, mesh infection, intestinal obstruc-
tion, or intestinal fistula, CT scan is critical in the 
evaluation and planning of the patient. These CTs 
should be performed with IV and oral contrast, 
to get the most information about the clinical sit-
uation. Seromas are typically homogeneous fluid 
collections without enhanced walls (Fig. 32.16). 
Findings of stranding, enhancement of the fluid 
wall, and fluid with gas bubbles are concerning 
for an abscess and/or mesh infection. Identifying 
the repair, the mesh, any infection, and its rela-

tionship to nearby organs will help plan and fol-
low the patient after treatment (Fig. 32.17).

To evaluate for modes of fixation, such as tacks, 
CT scan may be helpful (Fig. 32.18). Tacks may be 
a source of pain, especially if overused, and so imag-
ing of the tacks is useful in preoperative planning 
of abdominal wall pain after hernia repair. X-ray is 
the best mode for evaluation of permanent tacks. 
Absorbable tacks are not visible on X-ray or CT 
scan, but may be visible as an artifact on some MRIs.

a b

Fig. 32.16 CT with oral contrast axial views of postop-
erative seroma (a) and abscess (b) Note homogeneous 
fluid collection with the seroma (a) in comparison to the 

findings of gas, wall enhancement, and mesh involvement 
with the abscess (b)

Fig. 32.17 Mesh is visible as a thin white line on this CT 
axial view. Note the fluid collections anterior and mostly 
posterior to the mesh. There are gas bubbles in the fluid, 
consistent with an infected fluid collection associated with 
the mesh, and thus also a mesh infection
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Fig. 32.18 Ventral hernia repair with mesh and tacks. 
Metal tacks are best noted on CT scan. Note also the dias-
tasis, difficulty in identifying the intraperitoneal mesh on 
CT, and the one tack that has fallen away from the repair

 Conclusion

Imaging is an important component of preopera-
tive planning for hernia repairs. In straightfor-
ward situations, such as an obvious inguinal 
hernia or small primary umbilical hernia, a physi-
cal examination is often adequate. In most other 
situations, judicious use of imaging can help the 
surgeon plan for the best plan of care tailored to 
the needs, circumstances, and anatomy of the 
patient. Understanding the strengths and weak-
nesses of different imaging modalities (e.g., 
X-ray, US, CT, MRI) for inguinal and ventral 
hernias and how to order them to best answer a 
clinical question will allow the surgeon to devise 
an advanced plan of care.
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33Iatrogenic Abdominal Wall Injuries

Vahagn C. Nikolian, Dina Podolsky, 
and Yuri W. Novitsky

 Introduction

As the field of hernia surgery has expanded, the 
operations performed and the approaches used to 
restore abdominal wall anatomy have grown 
exponentially. These complex and diverse opera-
tions have changed the way that surgeons and 
radiologists interpret and evaluate imaging stud-
ies of the abdomen. In light of these significant 
changes, the peritoneum and abdominal wall 
must carefully be examined for the purposes of 
diagnostic accuracy and operative planning.

This text has reviewed many of the different 
hernias that may arise following thoracoabdomi-
nal operations. This chapter will focus on techni-
cal complications related to hernia repair and 
abdominal wall reconstruction. As abdominal 
wall reconstruction continues to evolve, it is 
imperative for surgeons and radiologists to recog-
nize the potential limitations of operations as well 
as the common, and not so common, complica-
tions that may arise in the postoperative period.

All members of the medical team should have 
a heightened awareness and index of suspicion 
for patients who deviate from the expected post-
operative course following abdominal wall sur-
gery. These deviations should prompt a broad 
differential of potential complications. Common 
postoperative events related to prolonged postop-
erative ileus, insufficient pain control, pulmonary 
embolus, and surgical site infections should be 
considered in the context of the operation. In 
addition, unique complications related to aspects 
of the operative approach, techniques in dissec-
tion, types of reconstruction, and mesh position-
ing should be considered. In all settings, 
developing an awareness of the operation per-
formed and interacting directly with the operat-
ing surgeon can provide important information to 
better understand the operative field and develop 
more useful imaging reports [1].

 Trocar Site Injuries

Minimally invasive surgery has become a routine 
element of surgical practice and has resulted in spe-
cific complications related to trocar access sites.

 Trocar Site Bleeding

In the immediate postoperative period, the most 
common abdominal wall injury related to trocar 
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sites is abdominal wall bleeding related to vascu-
lar injury [2]. Following vascular injuries, ante-
rior abdominal wall hematomas can develop 
because of injury to small perforating subcutane-
ous vessels, epigastric vessels, or injury to the 
well-vascularized muscle tissue itself. Diagnosis 
of an abdominal wall hematoma can be made by 
physical exam and confirmed with imaging stud-
ies. On ultrasound, a hematoma will appear as a 
hypoechoic area between fascial layers. If ultra-
sound findings are inconclusive, a CT scan can be 
obtained, which will show acute hematomas as 
high-attenuation (>30 HU) areas (Fig. 33.1). IV 
contrast can be given with the CT if there is a 
concern for ongoing extravasation, which will 
appear as bright areas within the collection.

Of particular concern, epigastric vascular inju-
ries can manifest with significant blood loss. When 
identified, patients should be monitored with serial 
examinations and pressure dressings. In unstable 
patients, clinical focus should be turned to resusci-
tation and establishing control of bleeding via 
interventional radiology or surgical interventions, 
such as transfascial sutures or surgical clips.

 Trocar Site Dehiscence

Though rare in the immediate postoperative 
period, trocar site dehiscence will occur for 
general surgical populations in as many as 
5.2% of cases [3]. Dehiscence will occur in the 
acute period, prior to sealing of the perito-
neum. In these scenarios, the abdominal con-
tents will protrude through a defect in the 
peritoneum and fascia, with overlying epider-
mis preserved. In contrast, port site eviscera-
tion can occur when both the fascia and the 
skin over the defect open. On imagining, this 
will present with either fat or viscera protrud-
ing through the trocar site. When the acute 
dehiscence involves incarcerated viscera, an 
immediate return to the operating room to 
repair the defect is required in order to prevent 
intestinal strangulation.

 Trocar Site Hernia

Just as with all incisions, trocar sites are at risk 
to develop into incisional hernias. Of all series 
of cases, the extraction site for cholecystec-
tomy is most often associated with trocar site 
hernias [4]. Different factors have been evalu-
ated including pyramidal shape, larger trocar 
size (greater than 10 mm), patient age, obesity, 
and protracted operative times being associated 
with development of trocar site hernias [3, 5]. 
For patients presenting with abdominal pain at 
the site of trocar sites, careful evaluation for 
contents including fatty tissue and bowel can 
help to coordinate the urgency of any interven-
tion. For patients with bowel involvement and 
symptoms, emergency surgery is necessary to 
prevent bowel compromise. In contrast, hernia-
tion of fatty tissue may not require an emergent 
operation.

Fig. 33.1 Acute intramuscular hematoma (solid arrow) 
from trocar site used for transabdominal preperitoneal 
inguinal hernia repair. No active extravasation from infe-
rior epigastrics were identified

V. C. Nikolian et al.
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a b

Fig. 33.2 Denervation injuries presenting for evaluation 
for suspected hernia. (a) Denervation injury of left lateral 
musculature, possibly related to spinal stenosis. (b) 

Denervation injury to left rectus muscle from prior flank 
incision related to urologic procedure

 Denervation Injuries

The abdominal wall is innervated primarily from 
the ventral rami of T6/7 and L1. The nerve bun-
dles run in the transversus abdominis plane, pen-
etrating the posterior lamella of the internal 
oblique just medial to the semilunar line to inner-
vate the rectus abdominis. So-called semilunar 
line injuries, caused primarily by surgeries that 
work in both the medial and lateral compartments 
of the abdominal wall, frequently lead to devas-
tating denervation injuries via nerve transection. 
The muscle groups that are injured depend on the 
level of injury.

On imaging, the denervated muscle will 
appear atrophic and thin compared to non-injured 
muscle. Frequently there is significant laxity of 
the muscle. When the lateral muscle groups are 
denervated, this laxity can result in a “bowing 
out” of the abdominal wall, appearing like a 

 hernia but without a clear fascial defect 
(Fig.  33.2). In other instances, there will be a 
clear defect in the semilunar space through which 
viscera protrude, developing into an iatrogenic 
semilunar line hernia.

 Semilunar Line Injuries

Repair of semilunar line injuries can be difficult 
with variable success. While it is impossible to 
restore nerve function, there are different tech-
niques to establish normal abdominal wall anat-
omy. The semilunar line can be reestablished via 
the anterior or posterior approach, and reinforced 
with mesh in either the intraperitoneal, preperito-
neal, or onlay positions. Patients should be aware 
that while anatomy may be restored, function of 
the affected muscle groups will remain disabled 
(Fig. 33.3).

33 Iatrogenic Abdominal Wall Injuries
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a b

Fig. 33.3 Bilateral semilunar line injuries following 
attempted robotic posterior component separation via 
transversus abdominis release. (a) Free floating, dener-
vated rectus abdominis muscles with retracted lateral 

abdominal musculature. (b) Imaging following complex 
abdominal wall reconstruction with retromuscular mesh 
and repair of bilateral semilunar lines

Table 33.1 Anatomic descriptions of anterior abdominal 
wall planes [8]

Name of plane Anatomic description
Onlay Anterior: subcutaneous tissue

Posterior: anterior rectus sheath and 
external oblique

Anterectus Anterior: anterior rectus sheath
Posterior: rectus abdominis muscle

Inlay Mesh attached to edges of hernia 
defect with no overlap

Interoblique Anterior: external oblique muscle
Posterior: internal oblique muscle

Retro-oblique Anterior: interior oblique muscle
Posterior: transversus abdominis

Retrorectus Anterior: rectus abdominis muscle
Posterior: posterior rectus sheath

Retromuscular Anterior: rectus abdominis (medial); 
transversus abdominis muscle (lateral)
Posterior: posterior rectus sheath 
(medial); transversalis fascia (lateral)

Preperitoneal Anterior: transversalis fascia
Posterior: peritoneum

Intraperitoneal Anterior: peritoneum
Posterior: abdominal cavity

 Mesh Complications

No discussion on hernia repair and abdominal 
wall reconstruction would be complete without a 
discussion of mesh complications. Studies have 
demonstrated that mesh reinforcement results in 
lower recurrence rates than suture-based repair 
[6]. When considering the optimal mesh, sur-
geons aim to reinforce hernia repairs with mesh 
that demonstrates good bacterial clearance, 
reduced foreign body reaction, and improved tis-
sue ingrowth [6, 7]. Mesh reinforcement can be 
placed in a variety of planes within the abdomi-
nal wall. For those reviewing imaging and 
attempting to clinically correlate and communi-
cate findings, the hernia community has recently 
developed a consensus classification system that 
attempts to establish standardized nomenclature 
related to planes of the abdominal wall [8] 
(Table 33.1). Adoption of these terms should help 
improve communication between clinicians.

A variety of fluid collections can develop fol-
lowing the placement of reinforcing mesh. When 
assessing the fluid collections, it is important to 
understand the study modality and clinical pre-
sentation to make a radiographic diagnosis. It is 
common to encounter postoperative seromas, 
hematomas, abscesses, and inflammatory reac-
tions in the vicinity of mesh. Seromas will often 
develop following the repair of abdominal wall 

hernias as a result of dissection of abdominal tis-
sue planes. Seroma formation rates are propor-
tionally related to the extent of dissection and the 
size of the original hernia. Seromas are com-
prised of blood and lymph fluid and are generally 
managed conservatively. The vast majority of 
these fluid collections will resolve without inter-
ventions. On imaging, seromas will demonstrate 
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a thin or imperceptible wall with minimal 
enhancement [9]. The fluid will be ill-defined and 
will be near the previously dissected hernia sac 
site or newly implanted mesh. If fat from the 
 surgical dissection is left in the space, one may be 
able to identify floating locules within the serous 
fluid. Though it is tempting to aspirate these fluid 
collections, efforts should be made to avoid inter-
ventions unless the seroma is persistent, increas-
ing in size, symptomatic, or there are concerns 
for infection. In contrast to a simple fluid collec-
tion, infected seromas will have a thickened, 
well-vascularized wall, surrounding inflamma-
tion, and the patient may demonstrate clinical 
signs of infection [10]. Infection following hernia 
repair is variable and dependent on multiple fac-
tors including wound classification, operative 
approach, complexity of repair, necessity for 
bowel resection, and type of mesh utilized during 
repair.

Hematomas will develop in the postoperative 
period and will often be associated with surgical 
technique. Hematomas are commonly encoun-
tered following retroumuscular dissection (e.g., 
transversus abdominis release) (Fig.  33.4). On 
imaging, these collections will be hyperdense on 
CT scan and heteroechoic on ultrasound. In the 
setting of inguinal hernia repairs, spermatic cord 
hematomas will often present and self-resolve 
over the course of weeks [10]. Hematomas with 
active extravasation of blood may need surgical 
evacuation to establish hemostasis.

Mesh-induced visceral complications are a 
recognized limitation of intraperitoneal mesh 
placement. Laparoscopic ventral hernia repair 
with Intraperitoneal onlay mesh has become one 
of the most common operations performed by 
general surgeons. This technically straightfor-
ward operation allows for the identification of 
abdominal wall anatomy, reduction of herniated 
contents, and subsequent placement and fixation 
of a large overlapping mesh circumferentially 
around hernia defects. Following positioning, the 
mesh is fixated to the abdominal wall with trans-
fascial sutures or tracking devices. Surgeons have 
been encouraged to approach hernias in this man-
ner due to the relatively low recurrence rate 
(<10%) [11] and in vivo data supporting the con-
cept that implantable mesh is viscerally compat-
ible [12]. In spite of these promising outcomes, 
mesh-related visceral reactions, adhesions, fistu-
lae, and migrations are commonly reported out-
comes following intraperitoneal mesh placement 
(Fig. 33.5) [13, 14]. To counteract some of these 
issues, approaches related to extraperitoneal 
mesh placement have been developed and are 
continuously being revised [15].

Mechanical mesh failure has emerged as an 
entity in hernia surgery over the course of the last 
decade. Often associated with lightweight mesh, 
mechanical mesh failure results when the tensile 
strength of the mesh is overcome by the stress and 
force exerted on the mesh by the abdominal wall 

Fig. 33.4 Retromuscular hematoma following ventral 
hernia repair with posterior component separation. Given 
the size of hematoma and concern for tension on posterior 
fascial closure, percutaneous drain was placed to evacuate 
hematoma

Fig. 33.5 Recurrent incisional hernia with evidence of 
previous laparoscopically placed. Arrow identifying per-
manent tack on lateral aspect of mesh. Minimal mesh- 
intestinal interface in preoperative imaging. At time of 
surgery, evidence of mesh erosion into small intestine 
necessitating bowel resection
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and underlying viscera [16]. Central mesh failure 
results in herniation of abdominal contents 
through defects in the mesh and has been reported 
in as much as 22% of open ventral hernia repairs 
[17] (Fig. 33.6). Mesh fractures and failures have 
also been associated with mesh bridges over 
unclosed hernia defects, sites of transfascial 
sutures, and surgical site infections [18].

 Interparietal Herniation

Given the potential issues related to intra- 
abdominal mesh, surgeons have developed alter-
native approaches to allow for extraperitoneal 
mesh placement. Ventral and inguinal hernia 
repairs using principles established by Rives [19] 
and Stoppa [20] allow for access into the retro-
rectus and preperitoneal space, respectively. The 
mesh is placed in an extraperitoneal position after 
reestablishing a visceral sac. Defects in the poste-
rior layer must be identified and repaired to 
ensure that there is no opportunity for intra- 
abdominal viscera to herniate into the potential 
space between the mesh and the posterior closure 
(Fig. 33.7) [21]. Such interparietal hernias require 
a high index of suspicion to diagnose and treat. If 
identified, one must make a decision to either 
perform a laparoscopic repair (oftentimes with 

a b

Fig. 33.7 Interparietal hernias. (a) Acute interparietal 
hernia following ventral hernia repair with retrorectus 
mesh placement. Patient was taken back emergently for 
revision of repair and further myofascial release via poste-
rior component separation. Solid arrow demonstrating 
posterior fascial breakdown with incarcerated segment of 

small intestine. (b) Chronic interparietal hernia following 
open nephrectomy. Solid arrow defines fascial defect in 
the posterior lamella of internal abdominal oblique with 
herniated small intestine between transversus abdominis 
and internal abdominal oblique

Fig. 33.6 Central mesh failure following ventral hernia 
repair with posterior component separation of placement 
of retromuscular polypropylene mesh
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intraperitoneal onlay mesh to reinforce the poste-
rior defect) or to reexplore the wound via the 
original incision—which is a more involved 
operation and will require multilayered closure 
of the abdominal wall [22].

 Conclusion

The last decade has seen significant advances in 
our understanding and appreciation of the 
abdominal wall. Hernia surgery incorporates a 
variety of operative approaches to treat hernia 
defects. Given these changes, iatrogenic injuries 
to the abdominal wall must be identified to allow 
for appropriate operative planning and patient 
care.
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34End-Stage Hernia Disease

Joseph A. Mellia, Jaclyn T. Mauch, 
and John P. Fischer

 Section 1: Introduction

An increasing number of patients have complex 
hernias requiring surgical management and 
repair. The central goal of hernia repair is to pro-
vide a stable, long-lasting closure of the abdomi-
nal wall defect that restores abdominal wall 
function and improves quality of life (QoL). In 
medicine, “terminal” or “end-stage” refers to a 
disease that cannot be adequately treated and is 
likely to progress without abatement. Despite 
there being well-established conceptual frame-
works for end-stage diseases, such as heart fail-

ure and chronic kidney disease, no definition 
exists for end-stage hernia disease. In the author’s 
opinion, end-stage hernia is a complex hernia in 
which repair is unlikely to improve abdominal 
wall function and QoL.  Diagnosis of end-stage 
hernia is inherently a subjective assessment that 
depends on surgeon-specific skill sets, experi-
ence, and estimated likelihood of improvement, 
which is often based on surgeon intuition. Open 
dialogue with the patient is critical to guiding 
surgeon judgement. Questions such as “What 
would you do differently if this were repaired?” 
help understand the patient’s goals and expecta-
tions. With these in consideration, the surgeon 
assesses the patient to determine whether the 
abdominal wall can or cannot be successfully 
reconstructed, the latter suggesting a terminal, 
end-stage condition.

Through careful review of prior operative 
reports, collection of patient history, and physical 
exam, surgeons assess risk within three domains 
to aid the decision-making process: patient char-
acteristics (comorbidities, overall health), defect 
characteristics (size, number of defects, soft tis-
sue stability), and abdominal wall function/QoL. 
From our experience, increased risk within one 
category is acceptable, usually resulting in a suc-
cessful surgical repair. However, increased risk 
within two or more categories anecdotally 
increases the likelihood of an end-stage hernia, 
which is not amendable to surgical repair. 
Analysis of cross-sectional radiographic images 
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greatly aids physical evaluation, promoting more 
accurate diagnosis, better goal-setting, and 
improved communication with patients. 
However, our current understanding of radio-
graphic features predictive of key functional and 
QoL outcomes in hernia is limited. Notably, 
radiographic images are unable to capture 
dynamic aspects of the abdomen and abdominal 
wall compliance, a critical measure of the likeli-
hood of successfully achieving a fascial defect 
closure. To date, surgeons have no proven, reli-
able method of identifying end-stage hernia 
patients until attempted surgical repair fails, in 
some cases worsening the patient’s condition.

In Fig. 34.1, we present a patient whose com-
plex hernia may be considered end-stage on the 
basis of both significantly impaired health condi-
tion and defect size. He was a 28-year-old male 
with a past medical history of multiple gunshot 
wounds to the abdomen. At the time of initial 
presentation, he underwent an emergent explora-

tion of his abdomen with splenectomy and left 
nephrectomy, in addition to a small bowel resec-
tion with right ileocecectomy. The patient’s ini-
tial presentation was profound for hemorrhagic 
shock, and he subsequently coded, requiring a 
left thoracotomy for control. His postoperative 
course was complicated by a small bowel 
obstruction, multiple episodes of sepsis, severe 
malnutrition, hypothyroidism, renal failure 
requiring dialysis, intra-abdominal abscesses, 
DVT, and the development of enterocutaneous 
fistula. Additionally, the patient had an open 
abdomen and underwent a split-thickness skin 
graft. He subsequently lost significant abdomi-
nal domain. On CT scan (Video 34.1 and 
Fig. 34.2), his abdominal wall was fibrosed with 
limited soft tissue and an enterocutaneous fis-
tula. At presentation, the patient’s chief com-
plaint was severe, chronic hernia-related 
abdominal pain that made him unstable when 
standing and walking.

Fig. 34.1 Preoperative (left) and postoperative (middle, right) photo of a 28-year-old male with potential end-stage 
hernia

Fig. 34.2 Preoperative axial abdominal CT images of a 28-year-old male with potential end-stage hernia in Fig. 34.1
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As a result of this complicated medical/surgi-
cal history and significant loss of domain, the 
patient in Fig. 34.1 required complex abdominal 
wall reconstruction to close his abdominal wall 
defect. Despite having significant risk within 2 of 
the 3 aforementioned domains, patient character-
istics (impaired overall health status) and defect 
characteristics (loss of domain, fibrosed abdomi-
nal wall), the decision to operate was made based 
on the potential for improvement in abdominal 
wall function and QoL in the young man. 
Preoperatively, he underwent botulinum denerva-
tion of the lateral muscles. Intraoperatively, he 
required complete anterior component separation 
with onlay biosynthetic mesh. His postoperative 
recovery went smoothly, with only a small 
amount of delayed healing. Gastrointestinal con-
tinuity was established and at 12 months follow-
 up there was no evidence of a hernia recurrrence. 
The patient reported decreased chronic pain and 
was highly satisfied with his results. Overall, his 
repair was successful.

The patient presented in Fig.  34.1 represents 
an extremely complex, borderline end-stage her-
nia. There is no clear definition for “complex her-
nia,” but it generally refers to increased risk within 
one of the following categories: patient medical 
history, hernia size and location, contamination 
and soft tissue, and clinical scenario [1]. Patient 
medical history includes risk factors for wound 
healing (i.e., obesity, diabetes mellitus, age), prior 
wound dehiscence, prior mesh infection, and 
increased intra-abdominal pressure [1]. In regard 
to size and location, defect width greater than or 
equal to 10 cm; parastomal, lumbar, lateral, and 
subcostal locations; and loss of domain greater 
than or equal to 20% make a hernia complex [1]. 
In regard to contamination and soft tissue, CDC 
class III or IV wounds, full- thickness abdominal 
wall defects, distorted anatomy, and denervation 
further increase complexity [1]. The patient in 
Fig. 34.1 had a complex hernia due to his compli-
cated medical/surgical history, large defect with 
significant loss of domain, presence of contami-
nation, and skin graft on bowel. Despite the favor-
able outcome of his repair, an alternative scenario 
in which the surgery failed, resulting in complica-
tions such as surgical site infection (SSI) and 
early hernia recurrence with no improvement in 
QoL would not have been surprising. Complex 

hernia is generally a multifactorial surgical prob-
lem in which surgical repair outcomes are vari-
able and difficult to predict.

Achieving optimal outcomes in complex her-
nia repair has persisted as an elusive goal and a 
major challenge in the field of abdominal wall 
reconstruction (AWR). A set of techniques that 
have advanced the field for managing large, com-
plex cases is the component separation technique. 
In the author’s opinion, a component separation 
is a surgical maneuver that involves separation 
and or release of a muscle/fascial layer in the 
abdominal wall to medialize muscle/fascia and or 
access optimal planes for placement of mesh. 
Component separation techniques are generally 
categorized as anterior component separation 
(ACS) or posterior component separation (PCS) 
based on the anatomical location of the myofas-
cial release. ACS techniques include multiple 
approaches that expose and divide the external 
oblique muscle and/or aponeurosis [2], while 
PCS exposes and divides the transversalis fascia 
and/or transversus abdominis muscle. In the set-
ting of large, complex hernia defects, these tech-
niques allow for restoration of structural and 
functional integrity of the abdominal wall, provi-
sion of stable soft tissue coverage, and optimiza-
tion of esthetic appearance. Despite the potential 
advantages, component separation technique is 
associated with adverse outcomes and, in many 
patients, does not successfully repair the hernia. 
SSIs occur in up to 40% of patients [3–5] and 
recurrence occurs in 4–10% of component sepa-
rations with mesh and 18.2% overall [4]. When a 
component separation technique is unsuccessful 
in providing a stable, long-lasting repair of the 
abdominal wall, the patient may be considered at 
or progressing toward end-stage.

Failure to prevent recurrence leads to a 
chronic, highly morbid disease state that pro-
gresses to end-stage hernia in a subset of patients. 
Flum et  al. first called attention to this chronic 
disease cycle in 2003 with a publication detailing 
progressively higher 5-year cumulative frequen-
cies of reoperation after each subsequent repair 
[6]. Specifically, Flum et  al. found a 23.8%, 
33.6%, and 38.7% reoperative frequency after the 
second, third, and fourth repairs, respectively [6]. 
Moreover, Flum et  al. found that the length of 
reoperation-free time was progressively shorter 
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after each subsequent repair (Fig.  34.3) [6]. In 
2015, Holihan et al. found that the previous num-
ber of ventral hernia repairs independently pre-
dicted recurrence and reoperation [7]. 
Furthermore, the authors described alarmingly 
high recurrence and repair rates. In their study, 
after 140  months, the recurrence rates for pri-
mary repair, secondary repair, tertiary repair, and 
quaternary repair were 37.5%, 66.4%, 67.5%, 
and 73.3%, respectively (Fig. 34.4) [7]. This pro-
gression toward the increased likelihood of surgi-
cal failure is likely where many end-stage hernias 
come from.

This sequence of repair, complications, reop-
eration, and increasingly complicated re-repairs 
has been conceptualized as a “vicious cycle” [7], 
often leading to end-stage hernia. This morbid 
health state has been shown to impair QoL and 
function [8–11]. The purpose of surgical repair 
with component separation technique is to mini-
mize morbidity and prevent progression through 
this cycle. We propose a definition for “end-stage 
hernia,” which has thus far been subjectively 
determined by surgeons on the basis of three key 
elements: patient characteristics (comorbidities, 
overall health), defect characteristics (size, num-

Fig. 34.3 Rate of 
reoperation after each 
subsequent repair, 
modified from Flum 
et al. [6]

Fig. 34.4 Kaplan- 
Meier curve for hernia 
recurrence adapted from 
Holihan et al., p < 0.001 
[7]. Red line, PVHR, 
primary ventral hernia 
repair; green line, IHR1, 
first time incisional 
hernia repair; blue line, 
IHR2, second time 
incisional hernia repair; 
purple line, IHR3, third 
time or greater incisional 
hernia repair
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ber of defects, soft tissue), and abdominal wall 
function/QoL.  We define end-stage hernia as a 
complex hernia with such a high degree of risk 
across these domains that even advanced tech-
niques of surgical repair will fail, with no overall 
improvement in abdominal wall function/
QoL. Currently, surgeons have no reliable method 
of determining whether or not a hernia is end- 
stage until an attempted repair fails.

In this chapter, we will explore the dynamic 
changes in both abdominal wall muscular func-
tion and QoL throughout the hernia disease pro-
cess—from index abdominal operation to hernia 
formation, and through multiple repairs—in 
order to better understand this aspect of end-stage 
hernia disease. Additionally, will provide an 
overview of advanced analysis of radiographic 
abdominal wall images as a tool used in preop-
erative assessment, surgical planning, and out-
come prediction, highlighting this technology’s 
potential to inform a surgeon’s judgment on 
whether a given abdominal wall defect is recon-
structable or at end-stage.

 Section 2: Anatomy and Function 
of the Abdominal Wall

To introduce the topic of abdominal wall muscu-
lar function in end-stage hernia, we present the 
case of a 62-year-old female with a past medical 
history significant for acid reflux, gout, hyperten-
sion, hypothyroidism, and fibromyalgia, who 
presented with a hernia recurrence following six 
repairs, including mesh placement (Fig.  34.5). 
Index surgery was a laparoscopic gastric banding 
complicated by bowel injury. In addition to 
chronic pain, the patient complained of impaired 
mobility, including difficulty rising from a supine 
position and instability when standing and walk-
ing. The patient had worked as a school crossing 
guard but has been home on disability for the past 
year. She reported a 50 lb. weight gain since the 
onset of her hernia, which she attributes to diffi-
culty remaining physically active. Additionally, 
she had chronic irritation of her lower abdomen 
from hidradenitis suppurativa. Lastly, she had a 
prior transverse panniculectomy, with a residual 

Fig. 34.5 Preoperative (left) and postoperative (right) photo of a 60-year-old male with potential end-stage hernia
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Fig. 34.6 Preoperative axial abdominal CT images of a 62-year-old female with a potential end-stage hernia in 
Fig. 34.4

pannus and significant contour irregularity of the 
soft tissue of the abdominal wall.

On preoperative CT scan, there was concern 
that significant abdominal wall musculature 
atrophy and fibrosis would decrease abdominal 
wall compliance (Video 34.2 and Fig.  34.6), 
impeding successful primary closure thereby 
increasing the propensity for wound healing 
complications, recurrence, and further impair-
ment of mobility. Ultimately, the patient’s defect 
was repaired with an anterior component separa-
tion. In addition, she had a concurrent pannicu-
lectomy and an exploratory laparotomy to 
investigate her recurrent small bowel obstruc-
tions. It was found that she had extensive adhe-
sions and mesh adherent to small bowel, 
requiring bowel resection and explantation of 
mesh. The patient’s recovery was uneventful, 
without any postoperative complications and no 
recurrence at 1-year follow-up. She reported an 
improvement in mobility as evidenced by 
decreased difficulty rising from bed. However, 
her instability while standing/walking was not 
noticeably improved. Overall, the patient was 
satisfied with the outcome.

 Normal Anatomy 
of the Abdominal Wall

In order to understand structural function of the 
abdominal wall in end-stage hernia, it is impor-
tant to first understand normal functional anat-
omy of the abdominal wall. The abdominal wall 

is a complex unit of muscles that facilitates trunk 
movement and stability [12]. Normal function 
depends on the dynamic interplay among four 
muscles: the rectus abdominis (RA), external 
oblique (EO), internal oblique (IO), and the 
transversus abdominis (TA). The RA originates 
from the symphysis and inserts in the xiphoid 
process, ribs 5, 6, and 7. The RA mainly flexes 
the trunk. While the EO originates from the lower 
eight ribs and inserts in the iliac crest and the 
pubic bone, the IO originates from the anterior 
two-thirds of the iliac crest and the lateral two- 
thirds of the inguinal ligament and inserts on the 
three lower ribs. Together, EO and IO rotate the 
trunk and perform lateral flexion. The innermost 
muscle of the abdominal wall is the TA. It origi-
nates from the thoracolumbar fascia, the lower 
six costal cartilages, the anterior two-thirds of 
the iliac crest, and the lateral two-thirds of the 
inguinal ligament and inserts in the linea alba. 
Primarily, TA is responsible for retaining 
abdominal contents. It is also important for the 
generation of intra-abdominal pressure neces-
sary for forced expiration. Structurally, all four 
muscles of the abdominal wall are held together 
via the rectus sheath. The rectus sheath is a fas-
cial layer that surrounds the RA and is created 
by medial insertions of the EO, IO, and TA. The 
dorsal lamina of the rectus sheath runs from the 
costae to approximately 4  cm caudal to the 
umbilicus. Overall, muscle layers of the abdom-
inal wall, connected via the rectus sheath, act 
synergistically to enable dynamic movement of 
the trunk [12].
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 Evaluation of Abdominal Wall 
Function

In patients with IH, strength of the abdominal 
wall is used to evaluate function. In studies that 
have quantitatively assessed strength, dynamom-
eters have been used to measure the force of trun-
cal flexion and/or extension [13]. For instance, in 
the Biodex® isokinetic dynamometer (Biodex 
Corporation, Shirley, NY, USA) system, the 
patient is strapped to a chair and performs 
dynamic truncal muscular flexion and/or exten-
sion at a predetermined constant angle speed. 
The measurable outcome of this movement is 
peak torque, which is the force generated around 
the axis, measured in Newton meters. In a com-
parison of truncal force differences between 
healthy volunteers and patients with IH defect 
measuring >10  cm, Biodex® showed significant 
validity and reliability [14]. Largely equivalent to 
the Biodex® system, Cybex® dynamometer 
(Lumex Inc., Ronkonkoma, NY) is another device 
used for mechanical measurement of truncal 
muscular flexion and/or extension force. 
However, it has not been validated in patients 
with IH and has not been used as extensively as 
Biodex® in this patient population [12].

In addition to dynamometers, clinical exams 
act as qualitative assessments, which are more 
cost-effective, accessible tools to assess abdomi-
nal wall function in patients with IH. Three dif-
ferent physical tests, double-leg lowering, trunk 
raising, and supine reaching, have been used to 
assess truncal strength in patients with IH [15]. 
Although pre- and postoperative tests were not 
compared, double-leg lowering and trunk raising 
were reproducible tests, suggesting that both may 
offer reliable, objective ways of determining 
changes in abdominal wall function following IH 
repair [15]. A 10-point abdominal wall function 
score has been created based on Parker et  al.’s 
study, but it has yet to be validated.

Janda’s test is a simiar clinical exam [16]. In 
this test, the patient is placed in the supine posi-
tion with immobilized lower extremities. The 
patient is then asked to raise the trunk and keep a 
straight position. A perfect score of five indicates 
full trunk raise with hands touching the ears and 

elbows spread laterally. A score of zero indicates 
no trunk raise and no palpable muscle contrac-
tion. To our knowledge, this test has not been 
validated in patients with IH.  While clinical 
exams are acceptable, cost-effective methods of 
assessing strength, they seem suboptimal to 
dynamometers, which provide objective, quanti-
tative measures. The benefit of Janda’s tests and 
similar clinical exams over dynamometers is 
their accessibility.

Herein, abdominal wall strength (AWS) will 
be used as a general term, meant to encompass all 
of the ways that force of the abdominal wall is 
measured. Furthermore, strength of specific mus-
cles of the abdominal wall will not be discussed. 
This is because any measurement of AWS repre-
sents the composite effect of several muscle lay-
ers of the abdominal wall. For instance, 
dynamometry measures the combined truncal 
flexion strength that the abdominal wall muscles 
exert against the force sensor in a given direction, 
not the strength of RA alone, which is primarily 
responsible for this motion. Thus, in the case of 
truncal flexion weakness, the full scope of the 
compromise to the RA cannot be estimated. The 
true detriment is likely masked by the EO and IO, 
which act as synergists in this movement. As we 
explore the relationship between end-stage her-
nia and AWS, the inability to isolate abdominal 
wall muscles is a limitation.

 Abdominal Wall Strength (AWS) 
and Incisional Hernia (IH)

AWS may play a role in hernia occurrence, the 
first step in the chronic, unrelenting disease pro-
cess that leads to end-stage hernia. After midline 
laparotomy, the weakest point in the abdominal 
wall is usually the incisional scar, hence hernia-
tion at this location (i.e., incisional hernia). This 
was demonstrated when a vertical midline inci-
sion was associated with selective weakness of 
truncal flexion at 6  weeks following elective 
colorectal surgery [17]. Moreover, increased scar 
length was predictive of decreased truncal flexion 
strength [17]. Vertical midline incision through 
linea alba is not the only type of incision associ-
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ated with decreased AWS. In fact, chevron inci-
sions resulted in seven times more atrophy of the 
RA compared with midline incisions [18]. This is 
likely because chevron incisions involve greater 
manipulation and trauma to the RA. Similarly, in 
a study of patients undergoing infrarenal aortic 
repair, those with a paramedian incision demon-
strated significantly more RA atrophy than those 
with a flank incision [19]. Altogether, these stud-
ies solidify an association between abdominal 
incision and muscular atrophy, which can be 
explained by two hypotheses. First, physical tran-
section and manipulation of muscle fibers during 
surgery lead to muscle loss. Second, incising the 
abdominal wall musculature causes trauma to or 
transection of the intercostal nerves, leading to 
denervation and subsequent atrophy. RA atrophy 
measured by decreased cross-sectional area is 
associated with decreased AWS [20], but an asso-
ciation between RA atrophy and subsequent IH 
has not been proven in humans. In rats, however, 
musculature atrophy following midline laparot-
omy reduces abdominal wall compliance thereby 
transferring load forces to the midline wound 
[21]. This is a promising mechanism by which 
RA atrophy, a clear, well-studied consequence of 
abdominal incision, may contribute to IH patho-
genesis in humans.

Once formed, IH may decrease AWS via ana-
tomical disruption as opposed to histology 
changes. In patients with giant ventral hernias (> 
10 cm wide), like the patient in Fig. 34.5, clini-
cally measured hernia area was inversely corre-
lated with AWS [22]. Jensen et al. compared RA 
tissue from patients with and without large mid-
line IH and demonstrated comparable histology 
between groups. First, capillary density was the 
same in both groups. There were no significant 
differences in the number of capillaries per RA 
type I fiber or type II fiber, indicating no effect of 
IH on RA vascular supply. Normal vascularity is 
possibly a favorable condition for successful 
midline repair. Second, RA fiber-type distribu-
tion was similar between groups. A minor differ-
ence was that IH patients had a higher percentage 
of type I/IIa fibers compared with controls. This 
minor difference in fiber-type composition may 
be explained by previous surgical incision in the 
IH group, resulting in denervation of the skeletal 

muscle, which has been shown to increase the 
proportion of type I/IIa fibers [23]. The authors 
concluded that any potential clinical consequence 
of this change in fiber-type distribution was neg-
ligible. Since histology of the RA was compara-
ble in patients with and without midline IH, 
decreased function of the RA may be primarily 
caused by mechanical dysfunction of the muscle, 
secondary to lateral displacement and loss of 
insertion point in the linea alba in IH.  It is 
unknown whether decreased AWS (decreased 
RA function) increases the propensity for recur-
rence and ultimate progression to unfixable, end- 
stage hernia disease. Nonetheless, Jensen et al.’s 
findings highlight the importance of restoration 
of abdominal wall anatomy, specifically midline 
reconstruction, for optimal surgical repair [10, 
12, 24].

 Abdominal Wall Strength (AWS) 
Following Incisional Hernia (IH) Repair

Surgical restoration of the RA may improve AWS 
even in complex hernia patients with a history of 
multiple repairs. In comparison to normal, 
healthy controls, den Hartog et al. showed that IH 
patients have decreased AWS, even up to 6 years 
after operation. However, compared to baseline, 
patients with IH recuperate AWS following repair 
[10, 24]. The predominant theory is that medial 
repositioning of RA restores AWS. When neces-
sary, component separation techniques are used 
to achieve medial approximation of the fascial 
edges, allowing for closure under tension. In 
patients undergoing posterior component separa-
tion (Rives-Stoppa technique complimented with 
TA release), restoration of the linea alba was 
associated with increased AWS measured at 
6 months after operation. Similarly, a two- layered 
suture repair with medial approximation of the 
RA resulted in higher truncal AWS compared to 
the laparoscopic technique, in which the RA 
remains laterally displaced [25]. In the only pro-
spective, case-control study in this area of 
research, patients with large IH demonstrated 
improved AWS at 1-year follow-up after IH 
repair with linea alba restoration [10], further sig-
nifying the importance of midline approxima-
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tion. There were a couple of notable strengths of 
this study. First, since there was no change in 
hand strength or leg extension strength, the 
abdominal wall is responsible for the improve-
ment in AWS, rather than an overall improvement 
in physical activity. More importantly, patients in 
the present study had large IHs (> 10 cm trans-
verse diameter), likely including recurrent IHs, 
which indicates that reduction with midline 
approximation may improve AWS even after 
multiple repairs.

Improvement in AWS following linea alba res-
toration may stem from beneficial anatomical 
changes. In a rat model, disuse atrophy has been 
shown to reverse with IH repair [26]. By recon-
structing the midline, reloaded muscles recovered 
to a near-normal state with regards to the size of 
the muscle and fiber-type distribution. These find-
ings have been supported in humans using CT 
image analysis. Specifically, midline approxima-
tion with components separation resulted in 
expansion of the RA, atrophy of the EO, and pre-
sumed compensatory hypertrophy of the IO and 
TA [27]. Similar to anterior component separa-
tion, repair with TA release resulted in hypertro-
phy of the RA, EO, and IO [28]. On the other 
hand, bridging repair during laparoscopic repair 
did not result in any changes in the abdominal 
wall muscles. These findings suggest that recre-
ation of the midline leads to improved anatomy of 
the abdominal wall, in addition to positive com-
pensatory changes of the lateral abdominal wall 
musculature. Future studies are needed to deter-
mine the functional implications of these changes, 
especially their impact on AWS.

Restoration of the abdominal wall anatomy 
may even be more important than mesh place-
ment in restoring AWS. At 1-year follow-up for 
giant IH repair using onlay, sublay, or intraperi-
toneal mesh placement, there was no difference 
in AWS among groups [29]. The authors high-
lighted several possible theories behind this find-
ing. First, while sublay placement provides good 
postoperative comfort for the patient, it may 
naturally involve more denervation, subse-
quently weakening the abdominal wall. Second, 
although nerves are well preserved with onlay 
technique, patients experience a stiffer abdomi-
nal wall, making trunk movement difficult. 

Lastly, when intraperitoneal technique is used, 
multiple hernias are usually present, which pos-
sibly weakens the abdominal wall. The plane 
of  mesh placement does not impact AWS. 
Whether or not mesh repair in general impacts 
AWS remains to be studied, especially in end-
stage hernia patients undergoing multiple, com-
plex repairs.

 Conclusion

We define end-stage hernia disease as a hernia 
with such a high degree of complexity that repair 
with advanced techniques will fail. In regard to 
structural function of the abdominal wall, failure 
of repair means persistent or worsened 
 hernia- related changes in the abdominal wall 
musculature, such that measurable AWS does not 
improve. In order to better understand this aspect 
of end- stage hernia disease, we explored the 
dynamic changes in abdominal wall structural 
function throughout the disease process from 
index abdominal operation to hernia formation, 
and through multiple repairs.

In summary, we demonstrate a compelling 
sequence of events, starting with an initial lapa-
rotomy that leads to RA atrophy and abdominal 
wall fibrosis, which reduces compliance of the 
abdominal wall and decreases AWS.  Once IH 
forms, lateral displacement of the RA as opposed 
to histological changes are responsible for con-
tinued weakness. Midline approximation of the 
RA improves AWS following surgical repair, 
even in the setting of multiple previous repairs. 
This improvement is accompanied by significant 
pathological changes, including compensatory 
hypertrophy of several abdominal muscles, but 
the clinical relevance of this finding is unknown. 
If anything is like the heart muscle, the clinical 
outcome may resemble that of hypertrophic car-
diomyopathy, in which the heart continuously 
remodels to temporarily maintain cardiac output, 
but ultimately fails [30]. Overall, these findings 
align with our definition of end-stage hernia by 
suggesting there is a point at which structural and 
functional damage to the abdominal wall muscu-
lature cannot be significantly restored with surgi-
cal repair.
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The patient presented in Fig. 34.5 helps place 
this concept in proper context. The patient’s com-
plaint of impaired mobility (difficulty rising from 
bed) suggests impaired abdominal wall truncal 
flexion strength and stability. On preoperative 
CT, atrophy/fibrosis of abdominal wall muscula-
ture raised concern for noncompliance, which 
could have led to the transfer of load forces to the 
wound healing surface after surgical repair, 
increasing the propensity for a failed repair. 
Fortunately, this was not the case, and this seem-
ingly end-stage hernia was successfully repaired 
without complications and an improvement in 
abdominal wall flexion, as evidenced by the 
patient’s reported improvement in the ability to 
rise from bed. However, not all patients with sim-
ilar complex hernia profiles have the same out-
come. Identifying end-stage hernias in the 
preoperative phase will be crucial in providing 
better management of complex hernia patients in 
the future.

 Section 4: Patient-Reported Quality 
of Life

To introduce our discussion of QoL as it pertains 
to end-stage hernia, we present a 48-year-old 
man with a large, recurrent incisional hernia 
(Fig.  34.7). At 18-years old, the patient had a 
Roux-en-Y gastric bypass, which was compli-
cated by a bleeding ulcer requiring surgery. 
Approximately 10  years ago, the patient had a 
small ventral hernia repair with mesh. During 
that repair, an enterotomy occurred, leading to a 
prolonged ICU stay. Eventually, he underwent 
multiple other surgeries to try to repair this her-
nia, including multiple mesh implantations and 
excisions. During this course, he developed an 
enterocutaneous fistula and underwent bowel 
resections, a cholecystectomy, and a splenec-
tomy. This complicated surgical course required 
wound vac placement and total parenteral nutri-
tion for 2 years.

At presentation, the patient had multiple 
chronic open abdominal wounds and severe soft 
tissue attenuation in the setting of severe morbid 
obesity. Although not formally measured, the 

patient’s quality of life was impaired, as deter-
mined by the continued need to constantly tend to 
his wound, unremitting abdominal discomfort 
and mild pain, and general dissatisfaction with 
his physical appearance. On CT scan, there was 
massive loss of abdominal wall domain (Video 
34.3 and Fig.  34.8). The decision was made to 
repair his hernia using a posterior component 
separation technique with bridged biologic mesh. 
During the repair, the patient also underwent 

Fig. 34.7 Preoperative (top) and postoperative (bottom) 
photo of a 60-year-old male with potential end-stage 
hernia
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Fig. 34.8 Preoperative axial abdominal CT images of a 48-year-old male with potential end-stage hernia in Fig. 34.6

complex skin excision His postoperative course 
was complicated by wound dehiscence with 
exposed mesh, requiring washout, debridement, 
antibiotics, skin graft, and vac placement. At 
6 months follow-up, the patient was free of recur-
rence, but he still had constant abdominal pain/
discomfort and reported no significant improve-
ment in satisfaction with appearance. The opera-
tion was not successful in improving his overall 
QoL.

 Hernia-Related Quality of Life Tools

A growing body of research now details the 
impact that incisional hernia occurrence and 
repair have on patient QoL. Prior to the develop-
ment of hernia-specific tools, the 12-item (SF-12) 
and 36-Item (SF-36) Short Form surveys were 
commonly used to elucidate ventral hernia- 
related QoL, but these forms fell short in captur-
ing QoL domains specific to the hernia disease 
state [31, 32]. To address this flaw, several hernia- 
specific patient-reported outcomes measures 
were developed. These include the Hernia- 
Related Quality-of-Life Survey (HerQLes), 
Carolinas Comfort Scale (CCS), and the 
Abdominal Hernia-Q (AHQ) [31–33]. Each of 
these tools has various pros and cons. The CCS 
and HerQLes both focus on physical function and 
mesh sensation [31, 34–36], whereas the AHQ 

encompasses both the pre- and postoperative 
periods and captures a broad range of domains to 
include physical function, mood, body image, 
and preparedness for surgery [32]. Moreover, the 
AHQ was developed with extensive patient input, 
providing a valuable perspetive into the patient 
experience [32]. As the ventral hernia research 
field has yet to identify a standardized method for 
measuring patient QoL, the following discussion 
will be informed by the spectrum of tools 
described above [13].

 Incisional Hernia (IH) Occurrence 
Quality of Life

Index IH occurrence post-abdominal surgery has 
been shown to impact many aspects of a patient’s 
life. As the only patient-reported outcomes tool 
that was developed with extensive patient part-
nership, the AHQ’s wide range of domains dem-
onstrates that hernia occurrence impacts pain, 
sleep, daily routine, independence, anxiety lev-
els, body image, self-confidence, mesh sensation 
in the abdomen, and clothing options [32]. Using 
the SF-36 and body image questionnaire, Van 
Ramshorst et al. showed that patients who devel-
oped an IH after abdominal surgery, compared to 
those who did not, reported lower physical func-
tioning scores and lower body image scores [9]. 
Subsequently, patients who undergo hernia 
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repair experience improved QoL, decreased 
pain, and improved depression [37, 38]. 
Furthermore, studies have found that patients 
with an incisional hernia benefit from repair, 
independent of surgical technique [39]. Though, 
when surgical technique and hernia size were 
evaluated more closely, Sando et  al. noted an 
improvement in QoL with mesh placement only 
in patients with a large-sized IH, reporting 
improvement in pain, physical impairment, and 
social involvement [40]. Interestingly, with the 
SF-36 and CCS, Jensen et al.’s study showed that 
while abdominal wall reconstruction improved 
overall QoL, the mental component score 
remained unchanged [10]. Unsurprisingly, Criss 
et  al. demonstrated that when rectus muscles 
showed statistical improvement by isokinetic 
and isometric measurements using a dynamom-
eter, QoL improved [24].

 Cycle of Incisional Hernia (IH) Repair 
and Quality of Life

While repair of the initial IH clearly benefits 
patient QoL, the chronic, unremitting nature of 
hernia disease has a devastating and enduring 
impact. The recurrence rate for primary IH repair 
has been found to range from 23.1% to 37.5%, 
underscoring the large percentage of patients 
who undergo an oscillating experience in their 
hernia-related QoL [6, 7, 41]. To complicate this 
matter, recurrent incisional hernias are often 
more complex than the primary hernia and as 
articulated in the introduction have a much higher 
rate of recurrence [42].

The literature abounds with studies detailing 
the deleterious effect that hernia reoccurrence has 
on QoL. Langbach noted that after hernia repair 
satisfaction decreased with both chronic pain and 
hernia recurrence [43]. Once recurrence does 
occur, Colavita et al.’s prospective study demon-
strated that it is associated with pain, activity 
limitation, mesh sensation, and lower QoL [44]. 
Moreover, recurrence often leads to chronic pain 
and reduced function, which further reduces QoL 
scores [8, 45]. This predictive change in QoL 
with recurrence, measured through returning 

pain, has been used by surgeons to predict recur-
rence after repair, highlighting the utility of 
tracking patient-reported outcomes [46].

 End-Stage Hernia Disease Quality 
of Life

As we have established that IH and recurrence 
reduce QoL, it follows that patients who undergo 
re-repair do so with a decreased baseline QoL 
[34, 47, 48]. Given the high likeliness of an addi-
tional recurrence after a secondary repair, these 
patients experience a cycle of highs and lows in 
their QoL scores with each recurrence, repair, 
and complication. Nissen et al. found that after a 
ventral hernia repair, previous hernia repairs pre-
dicted negative affects on QoL, potentially initi-
ating a decline with each subsequent repair and 
recurrence [48]. In this way, the decrease in QoL 
following recurrence and decreased baseline 
QoL for patients undergoing re-repairs under-
scores the importance of avoiding recurrence in 
order to optimize QoL outcomes.

 Conclusion

An end-stage hernia is one with such a high 
degree of complexity that repair with an advanced 
component separation technique will fail. In 
regard to QoL, failure of repair manifests as min-
imal or no improvement, associated with limited 
physical function, chronic pain, low body image, 
and depression. In this section, we explored 
changes in QoL throughout the course of hernia 
progression from hernia repair, to recurrence, and 
to complications, in order to better understand 
QoL at end-stage. The current research makes 
clear that repairs improve QoL, but recurrences 
and subsequent re-repairs have deleterious effects 
on a wide range of patient QoL domains, includ-
ing physical functioning, mesh sensation, pain, 
mental health, body image, and self-confidence. 
The patient presented in Fig. 34.7 is an example 
of a case where the QoL did not improve after 
repair, and, therefore, an argument can be made 
that the surgeon should not have operated. In 
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order to holistically address the complicated 
nature of end-stage hernia, surgeons should fully 
consider QoL when creating a plan for surgical 
care in the preoperative phase. Better surgeon 
judgment on whether a patient is end-stage, or 
unlikely to derive a benefit in QoL from repair, is 
important in optimizing care.

 Section 2: Radiologic Imaging in IH

Complex hernia repair is used to provide a stable, 
long-lasting closure of an abdominal wall defect 
that restores structural function of the abdominal 
wall and improves QoL. In the previous two sec-
tions, we defined end-stage hernia as an unfixable 
condition in which surgical repair with advanced 
techniques is futile or even detrimental to the 
patient’s condition. Aside from surgeon experi-
ence and instinct, there is no reliable, evidence- 
based method of identifying end-stage hernia 
until the repair is attempted and failed. We believe 
that this has led to the unnecessary use of health-
care resources and avoidable adverse outcomes 
for end-stage hernia patients. The preoperative 
phase is a crucial timepoint in hernia manage-
ment where innovation may lead to better end- 
stage hernia identification and management.

Advanced radiologic image analysis has great 
potential to optimize preoperative assessment 
and surgical planning. Among radiologic tech-
niques, CT imaging is already a standard of care 
that enhances physical examination of the hernia 
and surrounding anatomy. CT imaging offers an 
accurate panoramic view of the abdomen with 
exquisite anatomical detail, allowing for differ-
entiation of hernias from other abdominal masses 
such as tumors, hematomas, and abscesses. 
Moreover, it allows for visualization of hernia sac 
contents and the abdominal muscle and fascial 
layers involved. With advancements in image 
processing software, surgeon-scientists have 
been able to measure new radiographic features 
that are potentially relevant to hernia manage-
ment. In this section, we review current applica-
tions of advanced image analysis in hernia care. 

Our purpose is to demonstrate the potential role 
of advanced image analysis in optimizing man-
agement of end-stage hernia patients.

 Obesity-Related Risk Assessment

Advanced imaging analysis may provide a better 
understanding of how obesity may increase the 
likelihood that a hernia is unfixable or end-stage. 
Obesity is arguably the most significant risk fac-
tor for IH [7, 49]. After IH repair, obese patients 
are more likely to develop adverse outcomes, par-
ticularly SSI and recurrence [50, 51]. Body mass 
index (BMI) has been used as the conventional 
marker for obesity. While BMI may partially pre-
dict obesity-related complications after surgery, 
this measure does not account for fat distribution 
within the abdominal cavity, which likely varies 
among patients with the same BMI.  With the 
advancement in radiographic image analysis, sur-
geons have been able to identify and study patient-
specific obesity measures [52]. Several studies 
have demonstrated the discrete influences that 
patient-specific obesity features have on out-
comes. For example, visceral obesity was associ-
ated initial formation of IH in patients following 
colorectal surgery [53]. In patients undergoing IH 
repair via component separation, visceral fat vol-
ume was a significant predictor of recurrence 
[54]. Subcutaneous fat has been demonstrated as 
an independent risk factor for SSI in abdominal 
surgery, including IH repair [54, 55]. In fact, sub-
cutaneous fat was a better predictor of SSI com-
pared to BMI (Fig. 34.9) [56]. Although obesity 
has long been a proven risk factor for complica-
tions, we are only now beginning to understand 
how much risk increases with patient-specific 
obesity measures on radiologic images, such as 
subcutaneous fat. Identification of patient-specific 
obesity measures using advanced imaging analy-
sis will enable more accurate and personalized 
risk assessment, which is especially valuable 
when assessing the likelihood of failed operation 
in complex, potentially end-stage hernia who are 
commonly obese.
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Fig. 34.9 Axial CT scan showing subcutaneous fat high-
lighted in yellow. Adapted from Levi et al. [56]

Fig. 34.10 Loss of domain (LOD) calculated using the 
hernia sac volume (HSV) and total peritoneal volume 
(TPV). Adapted from Sabbagh et al. [59]

 Surgical Planning with Component 
Separation Techniques

In addition to risk assessment, radiologic imag-
ing has great potential to enhance surgical plan-
ning in the setting of advanced component 
separation. It is important to preoperatively 
assess the ability to achieve fascial closure with a 
given surgical technique, especially in the case of 
large, complex hernias in which it is especially 
challenging. In Christy et  al., the efficacy of a 
novel component separation index (CSI) in pre-
dicting the difficulty of achieving fascial closure 
was demonstrated [57]. Similarly, Love et  al. 
showed that the rectus width to hernia width ratio 
(RDR) is a practical, reliable measure to predict 
the ability to close during Rives–Stoppa repair 
without abdominal muscle release [58]. In large 
IHs with loss of domain, IH sac volume to total 
peritoneal volume ratio (HSV:TPV) of less than 
20% was predictive of tension-free fascial clo-
sure (Fig. 34.10) [59]. The software used to cal-
culate volumes in this study was specialized with 
limited accessibility. However, Martre et al. pre-
sented a standardized volumetric analysis tech-
nique that any surgeon with basic computer skills 
and radiological knowledge can perform in the 
clinic in an autonomous and fast manner [60]. 
Preoperatively determining the likelihood of 

achieving fascial approximation with component 
separation is important because bridging biologic 
mesh for IH has been associated with poor out-
comes [61]. The ability to predict whether a 
tension- free fascial closure before attempting the 
operation will add to the surgeon’s armamentar-
ium for identifying end-stage, surgically 
unamendable cases, which will help optimize the 
management of this subset of hernia patients.

 Postoperative Outcome Prediction

Advanced image analysis has the potential to 
enhance outcomes prediction in patients with 
complex hernias. In our review of the literature, 
we found that hernia-specific radiographic fea-
tures have been correlated with clinical out-
comes, adding to our knowledge on hernia-related 
outcomes. For instance, hernia defect area and 
transverse defect size were associated with 
increased recurrence in patients undergoing com-
ponent separation (Fig.  34.11) [62]. Similarly, 
DiCocco et  al. found that recurrent hernias had 
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Fig. 34.11 Computed tomographic image showing axial 
measurements obtained using the TeraRecon, Inc., soft-
ware. Defect size (transverse) is indicated by the yellow 
arrow and defect area highlighted in green. Adapted from 
Franklin et al. [62]

increased preoperative defect areas, but the dif-
ference was not statistically significant [63]. 
Contradicting these findings, recurrence did not 
correlate with any CT measurements of the 
abdominal wall, including hernia defect size, in 
another study [64]. In addition to recurrence pre-
diction, for which the literature presents conflict-
ing findings, other complications have been 
related to preoperative radiographic features. For 
instance, the ratio of the hernia sac to the hernia 
neck (hernia-neck ratio) is a simple, easily calcu-
lated parameter that, when >2.5, was associated 
with a 53-fold increased risk to develop compli-
cations [65]. Taller height and a hernia with 
smaller angle (“mushrooming hernia”) had 
greater odds of incarceration [66]. Research in 
this area is still in its early stages, with few stud-
ies, conflicting findings, and no real-world 
impact. However, predicting outcomes is crucial 
in hernia management as it facilitates patient 
counseling, informed consent, and most impor-
tantly, determines the threshold for surgical inter-
vention. We believe that more research in this 
area may lead to a definitive role for advanced 
image analysis in outcome prediction. This will 
be especially beneficial for the management of 
complex, end-stage hernias, in which outcomes 
are variable and often difficult to predict.

 Shortcomings

Advanced image analysis in the preoperative 
phase has inherent limitations. CT-measured fea-
tures may differ from clinically measured fea-
tures and/or true dimensions determined 
intraoperatively. For instance, although hernia 
area determined by clinical evaluation correlated 
with AWS, CT-measured hernia area did not [22]. 
A possible explanation for this discrepancy is 
that while CT identifies all fibers, both functional 
and non-functional, clinical evaluation identifies 
only functional fibers with the capacity to con-
tract on demand. Thus, CT-measured features 
may have less clinical relevance. This discrep-
ancy is also seen in rectus abdominal diastasis, in 
which CT-measured width and clinically mea-
sured width have been shown to differ, the latter 
more closely representing the “truth” found intra-
operatively [67]. An explanation is that laparot-
omy incision and paralysis under anesthesia 
likely alter anatomical dimensions. These limita-
tions must be addressed as research in this area 
progresses.

 Conclusion

To date, there is no reliable, evidence-based 
method of identifying end-stage hernia until the 
repair is attempted and failed, proving the hernia 
unfixable. There is a great opportunity for tech-
nological innovation in the preoperative assess-
ment of complex hernias, specifically in judging 
the likelihood of a successful repair. Traditionally, 
CT imaging has been used primarily to confirm 
the presence of physical exam finding suspicious 
of hernia formation. However, with improved CT 
image resolution and the advent of image pro-
cessing software in the last decade, advanced 
image analysis has emerged as a potential tool to 
guide clinical decision-making. In this section, 
we found that advanced image analysis has 
improved obesity-related risk assessment, surgi-
cal planning with components separation tech-
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niques, and postoperative outcome prediction. 
Large-scale, multi-center prospective studies are 
needed to validate these hernia-related radio-
graphic features before surgeons can use them to 
better manage complex hernias.

 Section 5: Conclusion

In conclusion, end-stage hernia disease refers to a 
complex hernia that cannot be successfully 
repaired with component separation techniques, 
leaving the patient with no improvement in 
abdominal wall muscular function or QoL.  In 
order to understand these aspects of end-stage 
hernia disease, we explored the dynamic changes 
in both abdominal wall function and QoL 
throughout the hernia disease process, from index 
abdominal operation, to hernia formation, and 
through attempted repairs. We demonstrate a 
degree of hernia complexity at which structural 
function of the abdominal wall and QoL is lost 
and not amenable to effective surgical repair, and 
we call this end-stage hernia. This is a condition 
in which any further surgical intervention would 
be associated with undue risk, significant health-
care resources, and detriment to the patient’s 
health state. Currently, surgeons do not have an 
evidenced-based, reliable tool in their armamen-
tarium for identifying end-stage  hernia patients 
before surgery is attempted and failed. Innovation 
in radiographic image processing presents an 
opportunity for better management of complex 
hernias. We showed its ability to improve obesity- 
related risk assessment, surgical planning with 
components separation techniques, and postop-
erative outcome prediction. In summary, 
advanced radiographic image analysis is a prom-
ising tool that may be used to inform surgeon 
judgment of end-stage hernias, which will pre-
vent unnecessary surgical intervention and opti-
mizes outcomes for this subset of patients.
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External obturator muscle, 190

F
False recurrence, 343
Femoral hernias, 72

CT scans findings, 148, 150
dynamic groin ultrasound, 150–152
inguinal ligament, 148, 155
laparoscopic approach, 156
patient selection, 148
strangulated small bowel, 153

Flank hernia, 201–203
computerized tomography scanning, 205
differential diagnosis, 203
magnetic resonance imaging, 205
patient selection, 203, 204
ultrasound scanning, 204, 205

Fluid attenuation inversions recovery (FLAIR), 80
Foramen of Winslow hernias, 296, 297
Fruchaud’s myopectineal orifice, 147

G
Gadolinium based agents, 85
Gastroesophageal reflux disease (GERD), 286
Gilmore groin, 16
Grynfeltt-Lesshaft hernia, 238

H
Hematoma, 136, 166, 360, 363, 376
Hernia-neck-ratio (HNR), 34, 35

Index



413

Hernia radiology
abdominal-core surgery, 29
advances in image processing, 33–35
assessment for complications, 32
diagnosis of, 30–31
evaluation for recurrence, 33
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computed tomography, 142, 143
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L
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Laparoscopy, 248
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treatment, 244
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Magnetic resonance (MR) contrast, 84, 85
Magnetic resonance imaging (MRI), 143, 205, 308
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limitations, 85–87
low hepatosplenic signal, 79
MR contrast, 84, 85
native proton density and alignment, 77
normal pelvic anatomy, 14–15
osteitis pubis, 17
protocol for groin pain, 15–17
radio frequencies and patterns, 81
rectus abdominis, 17, 18
resolution, 80
RF pulse, 13
right lower quadrant, 79
safety and risks, 87–88
sequences and protocols, 82–84
soft tissue and musculoskeletal complaints, 13
T1-weighted images, 14
T2-weighted abdominal MRI, 14
time to echo, 80
tissue characterization, 77
urinary collecting system, 81
water-containing structures, 77

Maximum intensity projection (MIP), 100
Mesh complications, 327, 345, 346, 388, 389
Mesh infection, 168–169
Mesh locations, hernia repair, 352
Mesh migration, 348
Metal artifact reduction sequence (MARS), 195
Metallic tacks, 354
Midline ventral hernias, 36
Minimally invasive approaches, 152
Modern piezoelectric transducers, 23
Morgagni hernia, 179, 281
Motion artifact, 8, 9
MRI-visible meshes, 115
Multidetector computed tomography (MDCT), 97, 98, 

126, 133–135
Multiplanar reconstruction (MPR), 2–3, 98

N
Nahas classification, 302
Nerve damage, 328
Noise, 10
Non-sliding hernias, 71

O
Obturator hernia, 74, 291, 292
Osteitis pubis, 13, 16, 17, 317

P
Paired pyramidalis muscles, 188, 189
Pantaloon hernia, 125
Paraduodenal hernias, 295
Parastomal hernia, 171, 209

anatomy, 210
challenges, 209

classification, 215
concomitant hernias, 218
hernia contents, 218
ileostomy, 210, 211
incidence, 209
location, 216
mesentery considerations, 213
mesh complications, 219
prolapse, 217
radiographical findings, 220–222
small bowel obstruction, 217, 218
urostomy, 211, 212

Paraumbilical hernias, 1
Parkinson’s disease, 86
Partial volume averaging, 9
Pectineus muscle, 190
Pericecal hernias, 296
Perineal hernia, 293
Petit’s hernias, 240
Petit’s triangle, 238
Pfannenstiel incision, 191–194
Picture Archive and Communication System (PACS), 3, 

99
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Polypropylene, 350
Polytetrafluoroethylene (PTFE), 350, 351
Posterior component separation (PCS), 183, 395
Posterior inguinal wall insufficiency, 128
Predict bowel necrosis, 93
Preoperative imaging, 381
Preoperative planning, 380
Preoperative progressive pneumoperitoneum (PPP), 183
Pre-peritoneal approach, 152
Primary inguinal hernia, 371
Primary umbilical hernia, 59
Primary ventral hernia, 379, 380

Q
Quadratus lumborum, 238, 241
Quality of life (QoL), 393–396, 404

R
Radiation dose, 6
Radiation induced cancers, 6
Radical prostatectomy-related inguinal hernia (RPRIH), 

35
Radiofrequency denervation (RFD), 315
Radiofrequency (RF) pulse, 13
Radiograph, 303
Radiomics, 33
Ramirez’s anterior component separation (ACS), 185
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Rectus abdominis diastasis, 37
Rectus abdominis muscle, 50, 59
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clinical outcomes, 310, 311
clinical significance, 300
computed tomography, 306–308
diagnostic imaging, 303
etiology, 300
linea alba, 299
magnetic resonance imaging, 308
Nahas classification, 302
operative repair, 309, 310
radiograph, 304
Rath classification, 302
ultrasound, 304–306

Rectus femoris, 190
Recurrence, 342
Right direct hernia, 132
Rives-Stoppa dissection, 177, 178
Robotic hernia surgery, 161
Rubin classification, 215

S
Sarcopenia, 33
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Semilunar line injuries, 387
Seroma, 165, 359, 363
Skin burns, 6
Slipring technology, 98
Small bowel obstruction, 217, 360
Spatial resolution, 1
Spigelian hernias, 51, 52, 75, 247, 248

abdominal wall, 247, 250
clinical pearls, 251
imaging modalities, 252
incarceration, 249
obstruction, 251
patient selection, 249
ultrasound scanning, 249, 250
ventral hernia, 252
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SSO requiring procedural intervention (SSOPI), 177
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Strangulated small bowel, 149
Subcostal incisional hernias, 180
Subcutaneous fat stranding, 92
Subxiphoid hernia

ACS vs. PCS, 185
CABG, 178
laparoscopic cholecystectomy, 184
large circular defect after CAB, 177–180
loss of abdominal domain, 183
median sternotomy, 184
midline component of subcostal incision, 180–181
midline incisional hernia, 181–183
patient selection, 175–177
small defect after mediastinal tubes, 177
subcostal incision, 181
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Sugarbaker, 213
Superficial lymphatic system, 46
Superior lumbar hernias, 238
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cross-sectional imaging, 188
cystectomy, 198
definition, 187
imaging findings, 190–192
inguinal hernias, 196–197
multiple imaging modalities, 187
penile prosthetic implant, 199
Pfannenstiel incision, 192–194
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setting of orthopedic implants, 194–195
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Tanaka Ratio, 37
Temporary hair loss, 6
Tendinopathies, 17
Therapeutic ultrasonography, 333

botulinum toxin, 335
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patient selection, 333, 334
seroma, 336
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presentation, 271
radiological assessment, 271
surgical management, 271, 272
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MR imaging, 114–122
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surface rendering, 100
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Transverse image, 326
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abdominal wall evaluation, 24, 26
amplitude modulation, 23
brightness modulation, 23
console basics, 23–25
depth control changes, 25
direct inguinal hernias, 71, 72
Doppler modes, 23
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quality and usability, 21
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computed tomography, 261, 263,  

265, 266
imaging modality, 257
risk factors, 255

selection criteria, 256, 257
ultrasound, 258–261

Unusual hernia, 163

V
Valsalva, 22, 67
Valsalva maneuver, 48, 51, 54, 68, 69, 72, 127, 140, 142
Vastus intermedius, 190
Ventral hernia, 53, 73–75, 89–91, 110, 380–384

complications, 164–165
duodenal switch, 170
enterocutaneous fistula, 169, 170
epidemiology, 157–158
hematoma, 166
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