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Abbreviations

CT Computed tomography

MRI  Magnetic resonance imagining
TAP  Transversus abdominis plane
UsS Ultrasound

Introduction

Ultrasonography is an extremely useful diagnostic tool with
increasingly sophisticated equipment and imaging capabili-
ties. Modern ultrasound machines have many advantages
that enhance their usefulness, such as handheld ultrasound
devices, multifrequency transducers, color Doppler, and
reusable biopsy guide attachments. Furthermore, the use of
ultrasound (US) is especially pertinent in the era of rising
health-care costs for it is a relatively inexpensive and safe
technology. Its portability and accessibility allow for its real-
time use in the ambulatory or operative setting, particularly
when other modalities, such as computed tomography (CT)
or magnetic resonance imagining (MRI), are not available or
are contraindicated. US can be used for diagnostic purposes
to identify and localize pathology and is extremely effective
in guiding therapeutic interventions (e.g., draining intra-
abdominal fluid collections or guiding laparoscopic trocar
insertion).
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Ultrasound also plays a valuable role in the diagnosis and
treatment of abdominal wall and groin pathology, especially
as a first-line investigative modality. Surgeons quickly mas-
ter and utilize ultrasonography for both diagnosis and inter-
vention, given their technical background, their familiarity
with the anatomy, and their ability to correlate the images to
intraoperative findings. In this chapter, abdominal wall anat-
omy, pathology, and interventional ultrasound are reviewed.

Ultrasound Instrumentation and Technique

Examination of the abdominal wall with US should be done
in a systematic fashion. The entire abdomen should be exam-
ined prior to focusing on a particular area of pathology. The
examination should begin cephalad at the subxiphoid pro-
cess moving laterally and caudally through each compart-
ment. A multifrequency transducer (7.5-12 MHz), which
allows for high resolution at the cost of lower penetration,
can be utilized. Either a curvilinear array or linear array
transducer probe with color Doppler can be used to examine
the abdomen and to identify and differentiate vascular struc-
tures, particularly in the preperitoneal space. Most machines
will also allow for the capture of video and picture so that
images may be stored for clinical documentation and educa-
tional purposes.

Interventional Ultrasound Technique

Surgeons have utilized interventional ultrasound for decades
as a diagnostic tool and to guide biopsies and drainage of
fluid collections [1-3]. Since, it is an invasive procedure, it
warrants a defined protocol; an informed consent from the
patient must be obtained [4] and the patient should be advised
on the low mortality and morbidity (less than 0.05 %) associ-
ated with interventional ultrasound [5]. A sterile environ-
ment should be maintained, including prepping and draping
the patient’s abdomen and ensuring that the ultrasound probe
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Fig. 6.1 Anterior abdominal wall musculature and fascia

is dressed with a sterile transparent drape. Administration of
local anesthesia and sedation may also be warranted.

In interventional ultrasound, either a freehand technique
or a biopsy guide device can be used. An echogenic needle
facilitates precise placement and access to the area of pathol-
ogy. These needles have different lengths and biopsy sam-
pling sizes, which are used based on the patient’s body
habitus and the location of the pathology to be sampled. For
abdominal wall pathology, a needle with a length of 3—4 cm
and caliber ranging from 14 to 23 gauge is employed depend-
ing on the intended purpose of the intervention; it is gener-
ally advisable to use the thinnest needle allowable. An 18-20
gauge needle is advisable when aspirating fluid collections,
cysts, and abscesses. A smaller 22-23 gauge needle is suffi-
cient when obtaining a cytology sample. A Menghini or an
automatic biopsy needle (14-21 gauge) can be used for
obtaining a tissue sample. An adjustable needle-steering
device (12-20 gauge) can be used alternatively [1].

Abdominal Wall Anatomy
Anterior Abdominal Wall Musculature and Fascia

Examination of the abdominal wall by ultrasound requires
knowledge of the abdominal wall anatomy. The anterolateral
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abdominal wall is composed of nine layers: skin, subcutane-
ous tissue, superficial fascia, external oblique muscles, inter-
nal oblique muscle, transversus abdominis muscle,
transversalis fascia, preperitoneal tissue, and peritoneum
(Fig. 6.1). Anteromedially, the rectus abdominis muscles
replace the oblique and transversus muscles and lie within
the rectus sheath. The midline of the abdomen is marked by
the linea alba, which is a band of crisscrossing fibers extend-
ing from the xiphoid process to the pubic symphysis
(Fig. 6.2). Separating the rectus abdomini muscles from the
oblique and transversalis muscles laterally on each side is the
linea semilunaris (Fig. 6.3). The linea semicircularis, also
known as the arcuate line of the rectus sheath, is an anatomi-
cal line (that is not always clearly defined) along the inferior
posterior rectus sheath marking a change in its composition
(Table 6.1).

On ultrasound, the skin is echogenic and measures a cou-
ple of millimeters in thickness. The subcutaneous tissue will
appear as oval hypoechoic nodules demarcated by echogenic
septae. Interspaced within the tissue are perforating vessels.
Below the subcutaneous layer lie the muscles and their
investing fascia (Fig. 6.4). Inferiorly the external oblique
aponeurosis curves inward on themselves to form the ingui-
nal ligament (Poupart’s ligament), which is the shelf of the
inguinal canal. The internal oblique muscles lie posterior to
the external oblique muscles. Also, in males, inferiorly, the
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Fig.6.2 Abdominal wall anatomy at the abdominal midline. The linea
alba is noted by the arrow
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Fig. 6.3 Linea semilunaris. The linea semilunaris along the lateral
margin of the inferior rectus muscle is where a Spigelian hernia is
expected to occur

Table 6.1 Ultrasonographic appearance of abdominal wall anatomy
Abdominal wall
component

Skin

Subcutaneous tissue

Sonographic features
Hyperechogenic

Oval hypoechoic nodules demarcated by
echogenic septae

Perforating vessels may be present
Fascia Dense hyperechoic bands
Muscle Intermediate echogenicity, echogenic
dotting within each layer
Preperitoneal space Hypoechoic adipose and areola tissue
Inferior and superior epigastric vessels

visible with Doppler
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internal oblique aponeurosis fibers run alongside the sper-
matic cord to form the cremasteric muscles. The transversa-
lis fascia lies posterior to the transversalis muscle and
anteromedially forms the most posterior layer of the poste-
rior rectus sheath prior to inserting at the linea alba. Medially,
between the linea semilunaris and the linea alba lie the rectus
abdominis muscles (Fig. 6.2). On ultrasound, the above mus-
cle layers are of intermediate echogenicity and have echo-
genic dotting within each layer. The fascial layers separating
the muscle layers appear as echogenic bands (Fig. 6.4).

Preperitoneal Space and Peritoneum

The preperitoneal space lies deep to the abdominal wall mus-
cle layers and the transversalis fascia. This space contains
adipose and areolar tissue and includes the inferior and supe-
rior epigastric artery and vein and the umbilical ligaments.
The medial umbilical ligament is the obliterated remnant of
the fetal umbilical artery, and the median umbilical ligament
is the remnant of the urachus, which persists as fibrous cord
along the midline extending from the bladder to the umbili-
cus. Superior to the umbilicus and extending towards the
liver is the falciform ligament. The ligamentum teres, also
known as the round ligament, is the free margin of this falci-
form ligament and is the obliterated remnant of the umbilical
vein coursing from the left portal vein to the umbilicus. The
preperitoneal fat layer is a relatively thin layer measuring
less than a cm in thickness on ultrasound.

Vascular Supply of the Anterior
Abdominal Wall

The inferior intercostal, lumbar, epigastric, and deep circum-
flex iliac arteries supply the arterial blood supply to the
abdominal wall. The intercostal and lumbar arteries course
alongside the nerves as bundles between the internal oblique
and transversus abdominis muscles (Fig. 6.3). The superior
epigastric artery is one of the terminal branches of the inter-
nal mammary artery and courses within the rectus sheath
where it collateralizes with the inferior epigastric artery,
which is a branch of the external iliac artery that courses
superiorly in the preperitoneal space before piercing the rec-
tus sheath. When imaging the abdominal wall with ultraso-
nography, it is important to identify the vessels in this
preperitoneal layer prior to proceeding with any invasive
intervention (Fig. 6.5a, b). The lymphatic drainage of
abdominal wall is also similar to the venous outflow system
whereby the supraumbilical lymph channels ultimately drain
into the axillary basin while the infraumbilical channels
drain into the superficial inguinal nodes. The lymphatic ves-
sels from the liver also communicate with the periumbilical
lymphatics via the ligamentum teres.
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Fig. 6.4 Abdominal wall muscles and fascia on ultrasound. (a) Lateral abdominal wall. (b) Medial abdominal wall, lateral to linea semilunaris

Abdominal Wall Pathology and Intervention

A thorough physical examination will identify most patho-
logical conditions within the abdominal wall. However,
patient body habitus, edema, or complex masses can present
a diagnostic dilemma for the clinician. US serves as a first-
line tool in the identification, characterization, and manage-
ment of abdominal wall pathology. Most pathology of the
abdominal wall presents as a mass that may or may not be
associated with skin changes. Ultrasound can further discern
characteristics of the mass (solid versus cystic, complex ver-
sus simple, border regularity, etc.) as well as its location to
the abdominal cavity and relationship to other abdominal
wall structures. It is especially valuable in difficult-to-
examine patients that are obese or comatose (Fig. 6.6). An
image-guided biopsy using a #22 gauge needle or a #14 core
biopsy can accurately and safely make a diagnosis after ini-
tial physical examination and ultrasound imaging [6, 7].

In this section, we review abdominal wall pathology and
discuss US-guided interventions (Table 6.2).

Rectus Diastasis

Rectus diastasis is characterized by a thinning of the linea
alba so that the distance between the rectus muscles is

increased. There is no defect in the underlying aponeurosis
and transversalis fascia; thus, there is no actual hernia. The
patient may have a midline bulge as a result of this diastasis
that is often mistaken as a hernia (Fig. 6.2). Management
usually entails reassurance to the patient. If surgical correc-
tion is desired by the patient, abdominoplasty techniques are
utilized. Ultrasound has been shown to be an accurate method
of measuring the supraumbilical and periumbilical diastasis
for the purposes of operative planning [8].

Rectus Sheath Hematomas

Hematomas within the rectus sheath are uncommon. They
may develop spontaneously, yet, they often are associated
with traumatic injury, pregnancy, coughing, or the use of anti-
coagulation therapy. They present with an acute onset of
abdominal pain and tenderness that may be mistaken for peri-
tonitis. In advanced cases, there may also be periumbilical or
flank ecchymosis. Abdominal ultrasonography and CT scan
aid in identifying the extent of a hematoma. The sonographic
appearance of a rectus sheath hematoma varies with the age
and location of the hematoma (Fig. 6.7). Above the arcuate
line, the hematoma will have a lens-shaped appearance,
whereas below the arcuate line, it may be more extensive,
even crossing the midline or compressing the bladder [1].
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Fig. 6.5 (a) Note epigastric vessels through laparoscopic view. (b)
Ultrasound imaging of epigastric vessels (arrow) and rectus abdominis
muscle (checkmark)

Hematomas are primarily hypoechoic but can have septal or
cystic components with echogenic borders [9]. Varying echo-
genicities within the hematoma represent different states of
organized clot formation [10, 11]. Acute hematomas are
homogenous and echogenic, while late-stage hematomas can
be anechoic [10].

Management is usually conservative involving bed rest,
analgesics, correction of coagulopathies, and blood transfu-
sions as needed. If persistent bleeding is suspected, angio-
graphic embolization of the bleeding of the vessel may be
warranted, and if this is not available or successful, operative
hemostasis and hematoma evacuation may be necessitated.
Ultrasonography can be utilized to screen for hematomas

Fig. 6.6 Ultrasound of the abdominal wall depicting tumor implant
(check mark). Arrow points to interface between tumor and wall

Table 6.2 Ultrasonographic appearance of abdominal wall masses

Abdominal wall pathology ~ Sonographic features

Rectus sheath hematoma Primary hypoechoic but varies with
age and location of the hematoma
Acute hematomas are homogenous
and echogenic while late-stage
hematomas can be anechoic

Above the arcuate line: lens-shaped
appearance

Below the arcuate line: more extensive
and may cross midline

Hematoma Variable echogenicity

Acutely hyperechoic

Simple fluid: anechoic, homogeneous
appearance, posterior enhancement
Complex: anechoic and hyper-/
hypoechoic, heterogeneous

Seroma/cyst

Abscess Echogenic rim enhancement

Variable echogenicity within cavity

with presence of debris and septations
Urachal cyst Well-circumscribed fluid collections
Located along the lower midline
Anechoic

Varying internal echogenicity when
infected with associated adjacent
soft-tissue stranding
Abdominal wall varices Dilated veins visible with Doppler
Recanalized umbilical vein is anechoic
in background of fatty falciform ligament
Endometriosis Irregular hypoechoic mass
Scattered internal echoes and internal

vascularity
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Fig.6.7 Rectus sheath hematoma. (a) Rectus sheath hematoma below the arcuate line, with varying stages of echogenicity. (b) Acute-stage rectus

sheath hematoma, with early organized clot formation (hyperechoic)

that may require surgical intervention. Hematomas that are
larger in diameter and demonstrate the presence of intra-
abdominal free fluid on ultrasound are more likely to benefit
from surgical exploration [12]. Ultrasonographic treatment
of rectus sheath hematomas, where repeated sessions of non-
thermal pulsed sonography are employed, has also been
reported in the physical therapy literature [13].

Abdominal Wall Fluid Collections

Abdominal wall fluid collections include cysts, hematomas,
seromas, and abscesses. Ultrasonography is a useful modal-
ity in identifying a fluid collection and its characteristics.
Hematomas may be spontaneous, postsurgical, or related to
anticoagulation therapy or traumatic injury. If warranted,
hematomas may be drained with image guidance. Abscesses
have a variable appearance on ultrasound. They are typically
irregular fluid collections containing septations and fluid
debris and may have air-fluid levels (Fig. 6.8). They may also
exhibit peripheral hyperemia with Doppler evaluation [10].
If gas bubbles are present with the abscess, they will be echo-
genic and demonstrate acoustic shadowing [14]. Seromas are
usually more homogenous anechoic or hypoechoic fluid col-
lections on ultrasound (Fig. 6.9). They are usually encoun-
tered following an abdominal operation, particularly
following ventral hernia repairs. The development of postop-

Fig. 6.8 Abdominal wall abscess (solid arrow). Abscess at umbilical
incision site following laparoscopic appendectomy. Echogenic rim
enhancement is seen. The abscess cavity demonstrates varying echo-
genicities with debris

erative seromas may be prevented with the use of pressure
dressings and abdominal binders. If there is no evidence of
superinfection, it is acceptable to observe a seroma without
intervention, as there is a risk of introducing infection with
needle aspiration. If a seroma or hematoma appears infected
or an abdominal wall abscess is identified, operative drain-
age or needle drainage with image guidance is warranted in
addition to antibiotic therapy. For larger fluid collections that
are percutaneously drained, a drain may be left in place to
facilitate additional drainage (Figs. 6.10 and 6.11).
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Fig. 6.9 Postoperative seroma. Anechoic fluid collection near umbili-
cal incision consistent with postoperative seroma

Fig. 6.10 Postoperative abdominal wall mass representing a seroma
with enhancement. Note needle within the seroma (arrowhead)

Abdominal Wall Neoplasms

Abdominal wall neoplasms present as painless palpable
masses. Primary lesions may arise from any of the abdomi-
nal wall components: connective tissue, muscle, fat, blood
vessels, or lymphoid tissue. These include benign soft-tissue
neoplasms such as lipomas and desmoid tumors as well as
malignant neoplasms such as sarcomas. Desmoid tumors and
sarcomas are the most common primary malignancies of the
abdominal wall. Metastatic neoplastic lesions may also be
found in the abdominal wall, which often is associated with
transperitoneal seeding of the abdominal wall by intra-
abdominal malignancies (Fig. 6.12). Ultrasound examina-
tion permits precise definition of the mass as well as accurate
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Fig. 6.11 Postoperative seroma (checkmark) following repair of ven-
tral hernia. Note mesh (X)

Fig. 6.12 Metastatic nodule in the abdominal wall following a resec-
tion for retroperitoneal sarcoma. The axis of the tumor (+, X)

biopsy. A diagnostic dilemma frequently occurs with these
incisional wall masses where a recurrent tumor implant, a
hernia, or a fluid collection could be found (Fig. 6.13).
Ultrasound guidance is of value in obtaining a diagnostic
biopsy of small nodules in the abdominal wall that are con-
cerning for metastases (Table 6.3).

Benign Tumors

Lipomas, neurofibromas, and hemangiomas are the most
common benign neoplasms of the abdominal wall. Lipomas
are well-circumscribed mobile lesions. On ultrasound, they
will have a variable echogenicity that is discrete from the
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Fig. 6.13 Postoperative incisional hernia with incarcerated bowel

Table 6.3 Ultrasonographic appearance of abdominal wall tumors

Abdominal wall

pathology Sonographic features
Lipoma Variable echogenicity that is discrete from the
surrounding fat and muscle

May have an echogenic capsule

Hemangioma Multiple hypoechoic or anechoic cystic areas
within an echogenic hypervascular background
Solid

Hypoechoic

Desmoid tumor

Abutting fascial planes or muscular tissue
Sarcomas Trregular
Solid
Hypoechoic
May have localized areas of necrosis or fluid
Metastatic lesions  Irregular
Hyperechoic

Irregular shadow

surrounding fat and muscle, and they may have an echogenic
capsule [15] (Fig. 6.14). Hemangiomas are typically very
small in diameter (millimeters) and on ultrasound will have
multiple hypoechoic or anechoic cystic areas within an echo-
genic hypervascular background [10].

Desmoid Tumor

Desmoid tumors, or aggressive fibromatosis, are rare neo-
plasms that arise from fibroblast cells in either fascia or mus-
cle. They may be intra-abdominal (pelvic and mesenteric),
extra-abdominal (shoulder girdle or extremities), or abdomi-
nal wall tumors. When the tumor is superficial, it arises from
the fascia and typically is slow growing in nature and of
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Fig. 6.14 Subcutaneous abdominal wall lipoma. Notice the smooth
border and isoechoic content. Lipomas could present with bilateral or
unilateral shadows

small size. These lesions are commonly referred to as
Dupuytren’s fibromatosis. Deeper lesions arise from the
musculoaponeurotic tissues and are usually more aggressive
in growth rate and size. Although these tumors do not metas-
tasize and are thus considered benign lesions, they are locally
aggressive and often recur following resection.

Additional characteristics of the mass and the extent of
involvement may be delineated with the use of an ultrasound.
If the lesion is solid, hypoechoic, and abutting fascial planes
or muscular tissue, one should be suspicious for a desmoid
lesion. If an ultrasound is inadequate, further extent of the
lesion may be defined with the use of MRI. The lesion
requires biopsy for diagnosis, which may be obtained with a
core needle or as an incisional biopsy under ultrasound
guidance.

The treatment of abdominal wall desmoids involves sur-
gical resection with tumor-free margins. Local recurrence
rate of these tumors can be as high as 40 % [16], and these
recurrent tumors will also require resection. If a lesion is
unresectable, primary radiation treatment may be considered
as well as palliative chemotherapy with antiproliferative
cytotoxic agents.

Sarcoma

The most common primary malignant neoplasm involving
the abdominal wall is a sarcoma. These sarcomas, depending
on what layers and cell types of the abdominal wall soft
tissue are involved, can be of several subtypes: liposarcoma,
fibrosarcoma, leiomyosarcoma, rhabdomyosarcoma, and
malignant fibrous histiocytoma. The clinical progression of
these tumors is reflective of their histology, size, and
location.
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Fig.6.15 Abdominal wall tumor implant in a patient with a history of
colon cancer. The axis of the tumor (+, x)

These abdominal wall sarcomas can present as painless
abdominal wall masses. Suspicion for malignancy arises
with masses that are solid, large, fixated, and fast growing.
On ultrasound, a sarcomatous lesion will be a hypoechoic
solid lesion that may have localized areas of necrosis or fluid
[10]. MRI can also be used to further delineate extent of dis-
ease. These lesions require guided biopsies, either incisional
or percutaneous, to confirm their pathological diagnosis.

Metastatic Neoplasm

Transperitoneal, hematogenous, lymphatic seeding of intra-
abdominal carcinomas or melanomas may result in meta-
static lesions in the abdominal wall (Fig. 6.15). Cases of
port-site seeding after laparoscopic surgery have also been
reported in the literature, particularly following laparoscopic
cholecystectomy where the cancer diagnosis was unknown
at the time of operation. A metastatic deposit at the umbili-
cus is known as a Sister Mary Joseph’s nodule. These lesions
may be characterized and biopsied with sonographic guid-
ance and are typically treated with surgical resection and
radiation as needed. Ultrasound has also been reported to be
of use in guiding insertion of applicator needles that can
administer brachytherapy to abdominal wall metastases from
colorectal cancer [17].

Other Abdominal Wall Masses

Urachal Cyst
An urachal cyst is a sinus remnant that persists between the
umbilicus and bladder. It is usually present in the lower third

Fig. 6.16 Infected infraumbilical abdominal wall urachal cyst (arrow
points at cyst wall)

of the urachus but may lie inferior to the umbilicus as well.
These cysts can be depicted on ultrasound, where there will
be well-circumscribed fluid collections that are anechoic,
along the lower midline [15]. When infected, they have vary-
ing internal echoes and may be associated with adjacent soft-
tissue inflammatory changes and urinary bladder wall
thickening on ultrasound [18]. If symptomatic or associated
with recurrent urinary tracts infections, these cysts should be
surgically excised (Fig. 6.16).

Vascular Anomalies

Patients with portal hypertension often recannulate their
umbilical vein as a means to shunt blood flow to the sys-
temic veins (caput medusae). Ultrasound with color Doppler
can be utilized as a means to avoid these varices when
performing abdominal wall procedures such as a paracente-
sis or placement of a percutaneous endoscopic gastrotomy
tube in patients with portal hypertension (e.g., cirrhotic
patients) [19].

Scar-Related Masses

Common masses that present in relation to prior surgical
scars include stitch granulomas, heterotropic calcifications,
and endometrial implants. A stitch granuloma will occur
near a retained nonabsorbable suture and will demonstrate
irregular borders and heterogenicity on ultrasound.
Heterotrophic calcifications are benign lesions, which on US
examination have posterior acoustic shadowing [10].
Endometriosis of the abdominal wall may occur following a
prior gynecologic operation. It is the most common site of
extraovarian or extrauterine endometriosis following a cesar-
ean section operation [20]. The lesion may present as a pain-
ful solid mass near a previous scar. On ultrasonography, it
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Fig. 6.17 Palpable mass in the abdominal wall following laparotomy
for endometriosis. The axis of the tumor (+, X)

appears as a hypoechoic solid lesion, with scattered internal
echoes and internal vascularity that can be demonstrated
with color Doppler [21] (Fig. 6.17).

Abdominal Wall Hernias

In general, a hernia occurs when there is a protrusion of an
organ or tissue through a defect in the surrounding fascia.
Anterior abdominal wall hernias can be classified as either
ventral hernias or groin hernias. Ultrasound can aid to diag-
nose a hernia, to define its contents, and to identify other
possible defects. The hernia contents could be reducible,
incarcerated, or strangulated. A strangulated hernia entails
vascular compromise to the contents of the hernia sac that
are irreducible through a small defect.

Ventral Hernias

Ventral hernias can be classified as umbilical, epigastric, or
Spigelian hernias. In the event of acute incarceration, patients
may present with strangulation or intestinal obstruction.
Imaging, including ultrasonography and CT scan, may also
play a role in diagnosis, particularly in evaluating the con-
tents of the hernia sac and the size of the fascial defect. When
bowel is contained with the hernia sac, US will demonstrate
distinctive bright echoes from the intestinal gas [10].
Ultrasonography is also an especially useful and expedient
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Fig. 6.18 Ventral hernia. Notice the hyperechoic fascia on both sides
of the hernia sac. Points to fascia edge (arrow)

way to screen for abdominal wall hernias, when there is no
palpable mass or when there is a palpable mass of question-
able etiology particularly in cases where there is pain and
swelling in postoperative patients (Fig. 6.18).

Umbilical and epigastric hernias represent 10 % of all
abdominal wall hernias [16]. Epigastric hernias can be found
in 3-5 % of adults and are more common in men [16]. These
hernias are located along the linea alba between the xiphoid
process and the umbilicus, usually within 5-6 cm of the
umbilicus. They are more common in patients with a single
aponeurotic decussation at the linea alba as opposed to the
usual decussation of fibers from all three muscle aponeuro-
ses. There may be multiple defects, and most are off the mid-
line. The fascial defect is usually small in size, and often pain
is present due to incarceration of preperitoneal fat. Due to
their association with pain and small size, operative repair is
usually recommended. Ultrasound imaging of the abdominal
wall can help to establish the diagnosis by identifying the
mass, defining the fascial defect, and diagnosing possible
multiplicity (Fig. 6.19).

Spigelian hernias are located along the Spigelian fascia,
which is the aponeurotic layer between the rectus muscles
medially and the semilunar line laterally (Figs. 6.3 and 6.20).
They predominantly occur at the level of or below the arcu-
ate line. Because the posterior rectus sheath comprises only
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Fig.6.19 Epigastric hernia. Notice the defect (—) in the aponeurosis (v')

Fig.6.20 Spigelian hernia. Note the defect in the aponeurosis (v') and
the hernia sac (—) containing small intestine (dotted line)

the transversalis fascia here, it is naturally weaker and more
prone to herniation. The hernias are often intraparietal in that
the hernia sac does not penetrate the external oblique

Fig.6.21 Postoperative seroma following ventral hernia repair. Notice
the mesh and the seroma with residual hematoma (v)

aponeurosis. Because of their posterior location to the intact
external oblique, a bulge is often not apparent on physical
examination. An ultrasound of the abdominal wall often
demonstrates a defect along the linea semilunaris, regardless
of the presence of herniated bowel [22]. When evaluating
with sonography, the transducer probe should be placed
transversely at the lateral border of the rectus muscle (linea
semilunaris) at the level of the umbilicus and should be
shifted inferiorly in scanning for a Spigelian hernia [23].

Incisional hernias occur when intra-abdominal contents
herniate through previous fascial incisions, the integrity of
which may have been compromised by excessive tension,
inadequate healing due to various conditions, conditions
associated with increased intra-abdominal pressure, or surgi-
cal site infections. Following repair of large incisional her-
nias, usually with mesh, the incidence of seroma or hematoma
within the cavity is rather high. In the postoperative period,
questions concerning the nature of these masses frequently
occur. US can define these collections, and if infection is
present, drainage should be performed (Fig. 6.21). US-guided
aspiration of these fluid collections is safer than blind aspira-
tion. Presence of infected fluid permits immediate placement
of drain.

Inguinal Region Anatomy

The inguinal region is a continuation of the abdominal wall
muscles and fascia, yet it is an anatomically distinct region
that warrants a separate discussion that is reviewed below.
At the inguinal region, the external oblique aponeurosis
serves as the anterior, superficial border of the inguinal canal
(Fig. 6.22). The inguinal ligament (Poupart’s ligament) is
actually the inferior edge of the external oblique aponeurosis
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Fig.6.22 Normal anatomy of the inguinal region (female)

Fig. 6.23 Vasculature of groin with ultrasound using color Doppler

and runs from the anterior superior iliac spine to the pubic
tubercle. The superior border of the canal is marked by the
internal oblique muscle. As the internal oblique muscle and
its aponeurosis courses medially towards the pubic tubercle,
it joins the transversalis aponeurosis to form the conjoined
tendon (which is actually present in only 5—10 % of patients)
[16]. The floor of the inguinal canal is formed by the trans-
versalis fascia and the margins of the inguinal floor are
referred to as Hesselbach’s triangle. The superolateral border
of the triangle is marked by the inferior epigastric vessels
(Fig. 6.23). The medial border is marked by the rectus sheath,
and the inferior border is marked by the inguinal ligament.

J.M. Velasco and F. Vaince

INTERNAL RING

4.0cm

Fig. 6.24 Ultrasound of the inguinal region in a male without a
demonstrable hernia. Arrows point to the epigastric vessels; checkmark
indentifies internal ring

Fig.6.25 Femoral canal anatomy on ultrasound with color Doppler. A
femoral hernia occurs medial to the femoral vein

The inguinal canal, which is about 4 cm in length, extends
between the deep and superficial inguinal rings. The deep
inguinal ring is an opening in the transversalis fascia through
which the spermatic cord or round ligament pass prior to
entering the inguinal canal. On ultrasonography, the cord can
be seen in longitudinal and transverse planes as a heteroge-
neous echogenic structure with associated hypoechoic
tubules and vessels, originating at the internal inguinal ring
[23] (Fig. 6.24).

The femoral canal lies inferior to the inguinal ligament
(Fig. 6.25). It is considered an anatomically distinct region
from the inguinal canal. The iliopubic tract and Cooper’s
ligament constitute its anterior and posterior borders, respec-
tively. The femoral vein lies laterally and medially; the pubic
tubercle forms the apex of the femoral canal triangle [24].
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Inguinal Region Pathology and Intervention

The etiology of groin masses may be difficult to diagnose
based on clinical examination alone, especially in the obese
and difficult-to-examine patients. Ultrasonography has
proven to be a valuable tool in differentiating between the
pathologies that may be encountered in the groin region. It is
indicated in the preoperative setting as a tool to diagnose her-
nias as well as in the postoperative period when swelling of
that region could be interpreted as a recurrent hernia, seroma,
or hematoma. Seromas are frequently associated with lapa-
roscopic repair of inguinal hernias.

Groin Masses

Superficial masses that appear as hypoechoic fluid collec-
tions in the groin region on sonography may be a cyst, hema-
toma, seroma, or abscess. In a patient who has had recent
surgery in the groin region, a hematoma or seroma should be
suspected (Fig. 6.26). An abscess may appear as a more
complex fluid collection with septations and debris on
sonography. Ultrasound-guided aspiration of the fluid col-
lection can further aid in diagnosis if warranted.

Fig.6.26 Postoperative hematoma. Spermatic cord hematoma follow-
ing inguinal hernia repair. Arrow points to epigastric vessel
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A solid mass in the groin region may be a lymph node, an
aneurysm, or a neoplasm (Fig. 6.27). On US, the pathologic
lymph nodes may have varying echogenicities, can appear as
multilobulated, and have varying amount of fat at the hilum
[7]. Additionally, on ultrasound, nodes that are suspicious or
metastatic may be spherical in shape (versus ellipsoid) and
have a thickness-to-length ratio greater than 2:3 and a diam-
eter greater than 5 mm [25]. The adenopathy may easily be
confused with an abscess [7], and clinical correlation and
ultrasound-guided aspiration or core biopsy may be war-
ranted. Metastatic lymph nodes are most common from
tumors arising from the genitourinary tract (vulva or vagina
in females, penis or testes in males), the distal gastrointesti-
nal tract (distal rectum and anus), or from the lower extremi-
ties. In general they are devoid of fat at the hilum.
Ultrasonography is particularly useful in the surveillance of
inguinal lymphatic and nodal basins in high-risk melanoma
patients [26, 27] (Fig. 6.28).

Additional masses that can be encountered in the groin
region are undescended and retractile testes (Fig. 6.29). The
testes will appear as a homogeneous, predominantly
hypoechoic mass with smooth borders and fine granularity
on ultrasound [10]. Groin masses should be differentiated
from scrotal masses for which there is an additional
differential that includes hydroceles, varicocele, epididymi-
tis or epididymal cyst, or testicular masses. Hydroceles are
not continuous with the peritoneal cavity, and this can be
confirmed with ultrasound. Varicoceles will demonstrate
venous flow on Doppler ultrasound that is accentuated with
the Valsalva maneuver [24]. There is a differentiation
between the applicability of power Doppler and spectral
(pulsed wave) color Doppler, which is especially important
in the groin and scrotal region. Power Doppler allows for
detection and direction of blood flow but is prone to motion
artifact [28]. Spectral Doppler allows for the identification of
artery versus venous flow and both must be identified in
evaluating blood flow to the testes. Sonographic findings of

Fig. 6.27 Normal inguinal adenopathy. Notice the presence of
increased echogenicity at the hilum indicating fat
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Fig. 6.28 A pathological lymph node may have irregular borders, is
heterogeneous, and lacks hilar fat and thus appears hypoechoic. Fine-
needle aspiration of the node showed melanoma

Fig. 6.29 Indirect inguinal hernia. Notice the location of the testicle
(v) within the inguinal canal. Arrows point to hernia sac

epididymitis include enlargement of the epididymis,
decreased echogenicity due to edema, and increased blood
blow on Doppler ultrasound compared to the unaffected side
[28].

If the mass is in the femoral region, a femoral artery aneu-
rysm or pseudoaneurysm should be suspected. Such a mass
may be pulsatile and can easily be characterized as turbulent
flow on sonography with color Doppler capabilities [24].
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Table 6.4 Ultrasonographic appearance of groin masses

Inguinal region Sonographic features

Undescended/retractile
testes

Homogeneous

Predominantly hypoechoic mass with
smooth borders and fine granularity
Lymphadenopathy Varying echogenicities

May be multilobulated

Metastatic nodes may be spherical in shape
(versus ellipsoid), with diameter greater
than 5 mm

Solid
Well defined, mobile, hypoechoic if benign

Neoplasm

Variable echogenicity, fixed, irregular if
malignant

Scrotal masses

Varicocele Venous flow on Doppler ultrasound that is

accentuated with the Valsalva maneuver
Epididymitis Enlargement of the epididymis
Decreased echogenicity due to edema

Increased blood flow on Doppler

ultrasound compared to the unaffected side
Hydrocele Anechoic

Does not communicate with peritoneal
cavity

Solid

May be irregular

Testicular mass

This flow of pseudoaneurysm is described as typical yin-yang
flow on Doppler examination [29]. Ultrasound-guided injec-
tion of thrombin into pseudoaneurysm cavities has become
more of common practice since its initial success was
reported in 1997 [30] (Table 6.4).

Groin Hernias

The most common mass encountered in the groin region is a
hernia. A groin hernia is either an inguinal hernia or a femo-
ral hernia.

Inguinal Hernia

Inguinal hernias comprise up to 75 % of abdominal wall her-
nias [16]. Men are more likely, up to 25 times more, to have
an inguinal hernia than woman. These hernias can be classi-
fied as either direct or indirect hernias. A direct inguinal her-
nia is marked by a defect in the floor of the inguinal canal,
whereby the hernia sac protrudes medially to the deep ingui-
nal ring inferior epigastric vessels. An indirect inguinal her-
nia is defined as a hernia sac and its contents passing though
the deep inguinal ring, laterally to the inferior epigastric ves-
sels, and alongside (usually medially) the spermatic cord or
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Fig. 6.30 Ultrasound of the inguinal region in a patient with a right
indirect inguinal hernia (V)

round ligament (Fig. 6.30). US is useful in diagnosing small
indirect inguinal hernias in the patient presenting with acute
onset of groin pain due to small incarcerated hernia contain-
ing preperitoneal fat.

An ultrasound, with its high degree of sensitivity and
specificity in detection, can also aid in the diagnosis, particu-
larly with occult hernias [31, 32]. Ultrasound has been shown
to be quite accurate in identifying the presence of an inguinal
hernia (>90 % accuracy) [32]. It can also be used to aid in
identifying the type of hernia present (e.g., direct versus indi-
rect) and in evaluating the viability of bowel that may be
incarcerated [33, 34]. In identifying an indirect hernia on
sonography, the transducer probe is positioned longitudi-
nally (parallel to the inguinal canal), and the indirect hernia
will be seen protruding anteriorly towards the transducer,
lateral to the inferior epigastric vessel, at its origin, and then
coursing medially along the canal towards the pubic tubercle
and superficial ring [23]. In identifying a direct inguinal her-
nia, the transducer is again placed longitudinally along the
inguinal canal and moved medially to identify a sac that pro-
trudes anteriorly, originating medial to the inferior epigastric
artery [23] (Figs. 6.30 and 6.31). The hernia sac’s anterior
protrusion can be accentuated with the Valsalva maneuver.
The presence of peristalsis suggests the presence of viable
bowel in the hernia sac [35]. Computed tomography (CT) of
the abdomen/pelvis will also demonstrate an inguinal
hernia.

Complications of an inguinal hernia repair include uri-
nary retention, orchitis, groin pain from nerve injury, scrotal
edema, seromas, hematomas, and abscesses. Postoperative
fluid collections can be characterized with the use of ultraso-
nography. Seromas that are concerning for possible infection
may be aspirated using ultrasound guidance. In cases of
scrotal edema and hematomas following inguinal hernia

Fig. 6.31 Direct inguinal hernia. Arrows point to the defect in trans-
versalis fascia

Inguinal Ligament
e

——

Fig.6.32 Femoral hernia

repair, ultrasonography with Doppler can be utilized to
ensure that vascular flow to the testes is not compromised
(Fig. 6.26).

Femoral Hernias

Femoral hernias are more likely to occur in women than men
and are also associated with a higher risk of strangulation than
inguinal hernias. In patients presenting with small bowel
obstruction of uncertain origin, an ultrasound could be invalu-
able in the diagnosis of occult femoral hernias (Fig. 6.32). The
transducer is placed inferior to the inguinal ligament and the
femoral vein identified so that the area medial to it can be
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Table 6.5 Ultrasound features of hernias

Abdominal wall
hernias

May be reducible with transducer compression
Distinctive bright echoes from the intestinal gas
and presence of peristalsis if bowel presents
with hernia sac

Groin hernia May be reducible with transducer compression

Distinctive bright echoes from the intestinal gas
and presence of peristalsis if bowel present
within hernia sac
Inguinal hernia Indirect hernia: arises lateral to epigastric vessel
(can be viewed with Doppler)
Direct hernia: arises medial to epigastric vessel
(can be viewed with Doppler)
Femoral hernia Posterior to inguinal ligament and medial to
femoral vessels
Femoral
pseudoaneurysm

Turbulent flow, “yin-yang” flow on sonography
with color Doppler

scanned for the presence of a hernia [23]. It is important to
note that if the patient is asked to do the Valsalva maneuver
during the exam, the femoral vein will dilate with the maneu-
ver and could be mistaken for a hernia [23] (Table 6.5).

Interventional Ultrasound of the Abdominal
Wall in the Perioperative Setting

Mapping of Abdominal Wall Adhesions

First described by Sigel et al., in 1991, the technique of
graded compression, using ultrasound to detect and map
abdominal wall adhesions prior to surgery has been utilized
to identify safe access to the abdominal cavity [36, 37].
During real-time imaging, the abdominal viscera will dem-
onstrate movement that varies with respiration. This move-
ment, called visceral slide, can also be induced with manual
graded compression with an ultrasound transducer. When
this visceral slide appears restricted on manual compression,
visceral adhesions to the abdominal wall are suspected in
that particular region (Fig. 6.33). In this manner, one can
map out the location of adhesions and thus avoid these areas
when placing trocars during laparoscopic surgery. This tech-
nique has been shown to be reliable in preventing trocar-
induced visceral injuries and its use is advocated in highly
selective cases in planning abdominal wall cannulation for
laparoscopy in patients with prior scars [38].

Perioperative Nerve Block

Abdominal wall nerve blocks have an established role in
providing perioperative analgesia, and the majority of these
blocks are now being performed with ultrasound guidance.
Even though the majority of these nerve blocks are
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Fig. 6.33 Ultrasound-guided mapping of small bowel adhesions to
abdominal wall. Arrow points to small intestine (X) adhesed to abdomi-
nal wall (v')

performed by anesthesiologists, the surgeon should be
knowledgeable of the type of nerve blocks available in the
perioperative setting to better select type of anesthesia given
to the patient [39].

The nerve supply to the abdominal wall arises from the
anterior rami of the lower thoracic nerves and the first lum-
bar nerve. The seventh through twelfth thoracic nerves
course anteromedially in the transversus abdominis plane
anterior to the transversalis fascia and provide sensory and
motor branches to the abdominal wall. The groin region
includes several important nerves: iliohypogastric nerve, the
ilioinguinal nerve, and the genital branch of the genitofemo-
ral nerve. The iliohypogastric and ilioinguinal nerves are
located medial and superior the anterior superior iliac spine
beneath the external oblique aponeurosis, where they pene-
trate the internal oblique muscles and provide sensation to
the skin, base of the penis, and upper medial thigh. The ilio-
hypogastric nerve runs along the anterior surface of the inter-
nal oblique aponeurosis, medial and superior to the deep
inguinal ring. The ilioinguinal nerve runs anterior to the
spermatic cord in the inguinal canal. The genital branch of
the genitofemoral nerve runs alongside the spermatic cord or
round ligament in the inguinal canal and provides sensation
to the cremasteric muscle and scrotal or labial skin.

The three most established ultrasound-guided nerve
blocks of the abdominal wall are the ilioinguinal/hypogas-
tric, transversus abdominis plane, and rectus sheath blocks
(Table 6.6).

The ilioinguinal/hypogastric nerve block entails the infu-
sion of local anesthetic typically 1-2 cm superior and medial
to the anterior superior iliac spine. The use of ultrasound
enhances the accuracy and efficacy of the block (Fig. 6.3).
On ultrasound the nerve lies in the fascial layer between the
internal oblique and the transversus abdominis muscles and
appears as a hypoechoic structure surrounded by the more
echogenic muscles and fat [40]. Since it is in close proximity
to the deep circumflex artery, the use of color Doppler to
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Table 6.6 Ultrasound-guided nerve blocks

Type of block Location of anesthetic injection
Ilioinguinal/

iliohypogastric block

Within 2 cm to anterior superior iliac
spine

Inject below the external oblique muscle
and internal oblique fascia

Nerve appears as a hypoechoic structure
surrounded by the more echogenic
muscles and fat

Ilioinguinal nerve lies in the same plane as
the deep circumflex artery (can be seen
with Doppler)

Inject below the internal oblique fascia
within the transversus muscle, anterior to
the transversalis fascia

Transversus abdominis
plane block

Location of administration most
commonly within triangle of Petit or
along midaxillary line

Inject along the lateral margin of the plane
between the rectus muscles and posterior
sheath, where intercostal nerves enter the
sheath

Rectus sheath block

Fig. 6.34 Transversus abdominis plane block. Regional block for her-
nia repair is facilitated by infiltrating this space (arrow) with local
anesthetic

identify this artery helps to identify the nerve [40]. The
hypogastric nerve can be found medial to the ilioinguinal
nerve. This ilioinguinal/hypogastric nerve block is routinely
used for perioperative anesthesia during inguinal herniorrha-
phies [41]. The nerve block can also be used in the postop-
erative setting to treat chronic pain following groin surgery
[42], although its utility and long-term success have been
questioned [43].

The transversus abdominis plane (TAP) block involves
the ultrasound-guided infusion of the local anesthetic deep
to the fascial layer (Fig. 6.34). They can be used for both
laparoscopic and open procedures. There is no one method
or protocol that has been demonstrated to be superior [44],
butitis clear that the block in combination of local anesthesia
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offers better postoperative pain control than conventional
local anesthesia alone [44, 45]. Long-term infusion of
analgesics for chronic somatic pain via an indwelling cath-
eter in the transversus abdominis plane has also been
described [46].

Conclusion

Ultrasonography has a valuable role in the diagnosis and
management of abdominal wall and groin pathology. The
surgeon who is familiar with the anatomy and the wide
differential of pathology that is reviewed in this chapter is
especially equipped to utilize this modality for both diag-
nostic and therapeutic purposes in both the ambulatory
and perioperative settings.
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