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Abstract

Significant advances in ultrasound technology have cre-
ated new opportunities for its use in oncologic imaging.
The advent of new transducers with focal beam tech-
nology and higher frequency has solidified the role of
intraoperative sonography (IOUS) as an invaluable im-
aging modality in oncologic surgery of the liver, kidneys
and pancreas. The ability to detect and characterize
small lesions and the precise intraoperative localiza-
tion of such tumors is essential for adequate surgi-
cal planning in segmental or lobar hepatic resections,
metastasectomy, nephron-sparing surgery, and partial
pancreatectomy. Also, diagnostic characterization of
small equivocal lesions deemed indeterminate by con-
ventional preoperative imaging such as multidetector
computed tomography or magnetic resonance imaging,
has become an important application of IOUS. This ar-
ticle will review the current applications of IOUS in the
liver, kidneys and pancreas.
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INTRODUCTION

Ultrasound was first used intraoperatively in abdominal
imaging in 1979 for the evaluation of biliary calculi. Ac-
ceptance of this new modality by the surgical community
was slow despite clear reports of its potential benefits and
applications. Advances in imaging technology in ultra-
sound have resulted in a higher rate of utilization of this
procedure in various intra-abdominal surgical procedures
and interventions™. The ability to provide high resolu-
tion real-time imaging of the organ of interest, along
with accurate lesion detection and characterization, has
established the role of intraoperative sonography (IOUS)
in a number of surgical procedures such as lobar and seg-
mental hepatic resections, hepatic metastasectomy, single
or multiple nephron-sparing surgery for renal cell carci-
noma (RCC), and partial pancreatectomy or pancreatic
enucleation""). The indications for IOUS are broad and
include intraoperative guidance and localization of lesions,
assistance in determining lesion resectability and surgical
planning, intraoperative characterization of indeterminate
lesions, and metastatic survey“’s’mj. The purpose of the
article is to provide a review of the applications of state-
of-the-art IOUS in the abdomen based on the authors’ ex-
perience in our institution, focusing on the contributions
of this important imaging modality to oncologic surgery
in the liver, kidneys and pancreas.

LIVER

The liver is the intra-abdominal organ most commonly
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involved in metastatic disease'”. Colorectal cancer is the
most frequent malignancy metastasizing to the liver, fol-
lowed by pancreatic, esophageal, gastric, and gallbladder
cancer”. Recent advances in oncologic surgery have
placed additional demands on radiologists to precisely
define the number and location of liver metastases. This
information is essential to define resectability and plan
the correct surgical approach. The applications for in-
traoperative ultrasound of the liver are vast and include
tumor staging, metastatic survey, documentation of ves-
sel patency or involvement, assessment of the biliary tree,
and surveillance for metastatic disease™™*'*'¥. IOUS has
proven accuracy for the detection of liver metastases,
with reported sensitivity of 93.8%, specificity of 94.4%,
positive predictive value of 92.0% and negative predictive
value of 95.7%!". In a recent study involving 561 ma-
lignant lesions, including primary and metastatic lesions,
the sensitivity of IOUS for liver lesion detection was
95.1%". Performing IOUS requires a sound knowledge
of the hepatic segmental anatomy, familiarity with the
intraoperative transducers and technique, and range of
normal and abnormal findings in the liver®'™. Lastly, the
radiologist should be familiar with the artifacts that may
be encountered in the setting of open hepatic surgery.

Technique

Various intraoperative transducers are available for use in
intraabdominal surgery and a detailed discussion on the
technical capabilities and applications of each transducer
is beyond the scope of this article. It suffices to know
that linear array, curvilinear array, and phased array IOUS
transducers are made available by different vendors. Size
of the probe does matter, and it should pass comfortably
through the surgical incision and be easily manipulated
in a narrow operative field. Higher frequency transducers
will provide greater resolution images when compared
with lower frequency transducers. However, high fre-
quency ultrasound waves have limited tissue penetration
due to more rapid attenuation as the ultrasound beam
travels through the tissues. For this reason, the selection
of a specific ultrasound transducer for intraoperative use
must take into consideration the size of the target organ
to be evaluated or region of interest to be covered, in or-
der to insure adequate penetration of the deeper tissues
with appropriate spacial resolution to allow proper lesion
detection and characterization. In our institution, Aloka
multifrequency 5-10 MHz T-shaped or I-shaped convex
array transducers with color Doppler and pulsed Doppler
capabilities are preferred. These probes are small and fit
comfortably between the index and middle fingers, which
allows the target organ to be palpated and scanned at
the same time. Excellent near-field resolution is essential
for proper lesion detection and characterization. The
entire examination is performed with strict observation
of standard sterile technique, and the radiologist scrubs
and gowns for the exam. There are different options for

transducer sterilization'>". Ethylene oxide gas with high-
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temperature acration of both transducer probe and cord.
The turn-around time is approximately 24 h, limiting its
use to a single procedure per day. Most vendors do not
recommend it due to potential damage to the equipment.
Hydrogen peroxide gas plasma sterilization techniques
use low temperature, and are considered safe for use with
heat sensitive equipment™*. The turn-around time is
about 2 h, enabling use of the probe for more procedures
per day. Use of glutaraldehyde immersion is not accepted
in most institutions due to concerns of surface residue
from this agent causing inflammatory reaction on visceral
contact. The most widely accepted and commonly used
sterilization technique involves the use of specially de-
signed sterile condom sheaths for the transducer probe
and electrical cord. The transducer is sheathed by a sterile
cover and should fit comfortably between the fingers.
The palm of the hand is moved over the liver surface to
scan and it is important that radiologist obtain a good
grip on the transducer in order to allow the establishment
of an acoustic window to image the dome and right lat-
eral segments of the liver”. The surgeon also resects the
falciform ligament and pulls the liver down so that the
radiologist can easily scan the entire liver.

Metastatic survey

One of the more common indications for IOUS of the
liver is the search for metastatic disease in liver sectors
which will remain following lobar or segmental hepatic
resection for primary or metastatic hepatic disease. Small
indeterminate hepatic lesions are commonly identified on
routine preoperative imaging obtained with multidetector
computed tomography (MDCT) or even magnetic reso-
nance imaging (MRD)™", TOUS evaluation of such le-
sions, with or without us-guided biopsy, is often required
for a definitive diagnosis and further characterization of
such lesions (Figure 1). High frequency intraoperative
transducers with focus-beam technology allow scan-
ning directly over the surface of the liver, giving IOUS
unmatched spatial resolution and a significant advantage
over other preoperative cross-sectional imaging mo-
dalities. Not infrequently, new lesions are discovered in
segments where they were not suspected, significantly
impacting surgical planningm. In addition, some equivo-
cal or indeterminate lesions are further characterized as
definite benign or malignant lesions (Figures 2 and 3).
Those lesions which remain indeterminate following in-
traoperative ultrasound can undergo ultrasound-guided
fine needle aspiration or core biopsy intraoperatively, and
a definitive diagnosis established in a timely fashion. Last-
ly, precise lesion localization is essential for the adequate
surgical planning of wedge resections, radiofrequency
ablation (RFA) procedures, or segmental hepatic resec-
tions. In our institution, IOUS is an indispensable asset
for successful surgical planning of complex hepatic re-
sections and is frequently used in partial hepatectomy, he-
patic segmentectomy, and complex multi-staged hepatic
resections involving partial hepatectomies associated with
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Figure 1 A 79-year-old male with metastatic colon with rising carcinoembryonic antigen and new hypodense lesion in the right liver on computed to-
mography examination. A: Axial contrast-enhanced computed tomography shows a small hypodense lesion at the junction of segments VIl and V, concerning for
metastasis; B: Intraoperative transverse sonogram identifies a solid slightly hypoechoic lesion in the right liver, at the junction of segments VII-V, compatible with a
metastasis; C, D: Longitudinal and transverse intraoperative ultrasound image shows the position of a radiofrequency ablation needle, with its in appropriate location
within the center of the lesion. Intraoperative ultrasound is extremely useful to precise localize hepatic lesions and guide therapeutic interventions.

contralateral wedge resections or RFA procedures in the
remaining liver.

Tumor staging

IOUS can be a valuable tool for local staging of primary
hepatic malignancies in cases which preoperative cross-
sectional imaging yielded equivocal results"”. Intravascu-
lar growth of hepatocellular carcinoma in the ipsilateral
or contralateral portal vein, involvement of the hepatic
veins, or extension into the ipsilateral or contralateral bile
duct can be easily diagnosed with 10US"". Radial tumor
growth of cholangiocarcinoma with encasement, occlu-
sion of the ipsilateral or contralateral portal vein, or oc-
clusion of the hepatic veins can also be diagnosed with
IOUS and provide critical information for adequate surgi-
cal planning;

KIDNEYS

Significant advances in urologic surgery in recent years
have resulted in a wide variety of nephron-sparing surgi-
cal techniques as open or laparoscopic partial nephrec-
tomy (PN), robotic-assisted PN, enucleation, RFA, and
cryoablation procedures” ™", Nephron-sparing proce-
dures have become the treatment of choice for T1 renal
tumors and recent data suggests that PN may be as ef-
fective as radical nephrectomy for larger renal tumors™,
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These nephron-sparing procedures rely on radiology to
precisely define size and location of the renal tumors, as
well as extension ot involvement of the renal sinus fat,
and vessels and the hilum of the kidneys"”*”. Besides
state-of-the-art preoperative MDCT or MRI, IOUS is
routinely utilized in our institution in the vast majority
of nephron-sparing surgeries. IOUS plays an important
role in lesion localization and characterization, precisely
defining their margins and extent into the renal sinus fat,
invasion into the collecting system or renal vein™, Lastly,
IOUS is useful for surveying the remaining renal paren-
chyma for unsuspected additional lesions. It also helps
identify additional lesions and may change surgical plan-
ning from partial to a complete nephrectomy.

Technique

As previously mentioned, a variety of intraoperative trans-
ducers and vendors are available. In our institution, we
utilize the Philips iu22 C5-8 MHz broadband curved array
transducer for the majority of cases. It provides excel-
lent near-field resolution, steerable pulsed wave and color
Doppler imaging, color Power angio, and panoramic
imaging capabilities. This probe allows easily visualiza-
tion of the entire kidney and is better suited to assess
larger, partly exophytic lesions that may become challeng-
ing when a compact linear array transducer is used. For
smaller intrarenal lesions, we prefer the Philips iu22 L.15-5
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Figure 2 A 73-year-old male with colorectal cancer and indeterminate hepatic lesion on computed tomography, suspicious for metastasis. A: Axial contrast-
enhanced computed tomography (CT) image shows small hypodense lesions in the right liver, possibly representing cysts; B: Axial contrast-enhanced CT image
more inferiorly in the same patient reveals a subcentimeter lesion, deemed too small to be accurately characterized. Metastasis was not excluded; C: Intraoperative
ultrasound image in the longitudinal plane shows a homogeneously hypoechoic lesion in the dome of the liver consistent with a cyst; D: Longitudinal Intraoperative
ultrasound image more inferiorly shows a solid hypoechoic lesion in the inferior right liver, consistent with a metastasis.

Figure 3 A 60-year-old male with potentially resectable pancreatic cancer and indeterminate liver lesions on preoperative imaging. A: Intraoperative ultra-
sound image shows a homogeneously hypoechoic subcentimeter lesion in the left liver consistent with a cyst; B: Intraoperative ultrasound image with Doppler inter-
rogation shows lack of internal vascularity, confirming the benign nature of this cyst.

MHz broadband compact liner array “hockey stick” trans-
ducer. This probe has a narrow 23 mm effective aperture
length, but provides superb near-field resolution, steerable
pulsed Doppler imaging, Color Doppler, and panoramic
imaging, It is excellent for high-resolution intraoperative
imaging applications. The radiologist is called to the oper-
ating room approximately 10 min prior to scanning, and
scrubs for the procedure. Through the small flank incision
the kidney is visible, and free for mobilization. A small
amount of saline is poured over the kidney at the time
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of scanning, and excellent acoustic coupling is usually
achieved. The entire kidney is scanned and the surgeon is
sometimes asked to mobilize the kidney out of the renal
fossa, in order to ensure thorough surveillance of the
entire renal parenchyma. Images of the entire kidney are
documented.

Imaging findings

The ability to place the transducer directly over the kid-
ney surface produces exquisite images of the renal anato-
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Figure 4 A 51-year-old female with incidentally detected small solid mass in the right kidney, compatible with a renal cell carcinoma. A, B: Axial contrast-en-
hanced images of the right kidney show a 1.2 cm hypervascular mass in the midportion of the right kidney, concerning for a small renal cell carcinoma; C: Longitudinal
Intraoperative ultrasound image localizes the small solid mass in the midportion of the right kidney anteriorly; D: Intraoperative ultrasound with Doppler interrogation
shows prominent vessels at the margin of the lesion. Intraoperative ultrasound is an invaluable resource to localize small solid renal lesions during partial nephrec-
tomy, ensuring that negative margins are achieved, while preserving the normal renal parenchyma.

my"™*, The renal cortex echogenicity contrasts sharply

with the hypoechoic pyramids, which can be cleatly delin-
eated on IOUS. The calyces and infundibula are readily
identified, outlined by the anechoic urine. The renal sinus
fat is markedly hyperechoic and can be easily differenti-
ated from the adjacent renal parenchyma™. The sono-
graphic appearance of RCC varies with size and histol-
ogy. Most RCCs are mildly hypoechoic or isoechoic in
relation to the renal cortex and generally form a discrete,
well marginated mass, often distinguishable by displace-
ment of adjacent blood vessels. About 30% of RCCs
are markedly hyperechoic and virtually indistinguishable
from small angiomyolipomas. Most are hypervascular
in relation to the renal parenchyma, but chromophobe
RCCs are typically hypovascularm’m’zsj. Cystic RCCs usu-
ally show discrete solid mural nodules with internal vas-
cularity or thickened irregular septations. Poorly margin-
ated, infiltrative tumors may present a challenge in terms
of clearly delineating their margins, but color Doppler
shows encircling vascularity.

Lesion localization

Intraoperative ultrasound is of great value to accurately
identify small completely intrarenal tumors, ensuring that
the lesion is in the center of the resected specimen, and
that a safe margin free of tumor is obtained on all sides”™”,
This requires careful scanning and the surgeon often marks
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the renal surface with electrocautery at the location indi-
cated by the radiologist.

Intraoperative ultrasound can reliably delineate small
tumors and define if the lesions are encapsulated or infil-
trative in nature (Figure 4). Lesion size and morphology is
also very important for the surgeon since infiltrative and
pootly marginated lesions often require a more extensive
resection in order to achieve a margin free of tumor. Ex-
tension of the lesion into the sinus fat or involvement of
the sinus structures is important information for the su-
geon, and IOUS is able to provide this.

Local staging

IOUS is extremely helpful to define the size and extent of
the tumor into adjacent structures, and has become a valu-
able tool in the decision process for partial versus radical
nephrectomy for centrally located renal masses (Figure 5).
Its sensitivity, and specificity for detection of renal sinus
invasion and venous invasion is very high, approaching
100%". Centrally located renal masses abutting the renal
hilar vessels, collecting system or renal pelvis may preclude
a nephron-sparing procedure, since a negative margin may
not be feasible”'”*"*. The pyramids, calyces, infundibula,
and the renal sinus fat are readily identified on intraopera-
tive ultrasound and tumor involvement of these structures
must be commented upon and relayed to the sutgeon at
the time the examination is being performed. The overall
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Figure 5 A 62-year-old female with renal cell carcinoma. A, B: Coronal (A) and axial (B) contrast-enhanced computed tomography images show a solid, hypervas-
cular, 2.8 cm mass in the midportion - lower pole of the right kidney, consistent with a renal cell carcinoma; C, D: Intraoperative grayscale (C) and color Doppler ultra-
sound (D) identify a solid echogenic mass in the midportion - lower pole of the right kidney, with evidence of internal vascularity, consistent with a renal cell carcinoma;
E: Intraoperative ultrasound image in a oblique transverse plane shows that the lesion abuts the hyperechoic renal sinus fat. This important information to guide the
surgeon, in order that tumor-free margins are properly obtained at the time of resection.

diagnostic accuracy of IOUS for detection of sinus inva-
sion is 98%, and is superior to MRI, which ranged from
70% to 72% depending on the observer™. In addition,
small new solid intrarenal tumors may be detected on
1OUS, which have not been visualized on preoperative
imaging, impacting patient management and the surgical
approach (Figure 6). In our experience, renal IOUS will
reveal additional foci of cancer in approximately 5% of
cases. In a 10-year study by Choyke et al” 68 nephron
sparing surgeries were performed on patients where all
but one had a hereditary renal cancer (z.e., von Hippel-Lin-
dau syndrome). In 25% of these surgeries, IOUS localized
renal cancers undetected by the surgeon'”. Lastly, intravas-
cular invasion can be reliably detected on ultrasound and
represents important information for adequate surgical
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planning. The diagnostic accuracy of IOUS for detection
of venous invasion is around 100%".

PANCREAS

IOUS of the pancreas provides excellent spatial and con-
trast resolution and its real-time imaging capabilities are
invaluable for a variety of surgical procedures™®”'**!,
Among its most common indications are localization of
small tumors, local staging, identification of multifocal
neuroendocrine tumors and regional metastatic survey®”.
Various studies have shown a mean detection rate of 86%
to 92% for IOUS detection of pancreatic neuroendoctine
tumors”*". In 2009 a consensus statement revealed 2 mean
sensitivity and detection rate of pancreatic neuroendoctine
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Figure 6 A 29-year-old male with renal cell carcinoma of the right kidney. A, B: Axial (A) and coronal (B) contrast-enhanced computed tomography image
show a large solid mass in the superior pole of the right kidney, consistent with a renal cell carcinoma; C: Intraoperative longitudinal sonogram shows an exophytic
large solid mass in the superior pole of the right kidney; D: Intraoperative ultrasound image shows the point of attachment of the solid mass to the superior pole of
the right kidney; E, F: High resolution intraoperative ultrasound image detects additional subcentimeter solid renal masses in the superior pole of the right kidney,
near the site of origin of the large exophytic right renal mass. These findings alerted the surgeon that a deeper resection needed to be performed in order to secure
tumor-free resection margin.

tumors to be 63%-82% on CT®?), Other studies evaluat- tained in the transverse plane. The entire gland is carefully
ing pancreatic neuroendoctine tumors on MDCT have scanned from the head and uncinate process to the tail.
shown CT sensitivities of 84% and 94%"**"".
Imaging findings

Technique The pancreatic patenchyma is homogeneously hyperechoic
In our institution, the Philips iu22 15 MHz broadband in relation to the liver or spleen. The main pancreatic duct
compact linear array “hockey stick” transducer with color is clearly visualized as a thin hypoechoic tubular structure
and pulsed Doppler capabilities is the transducer of choice coursing through the center of the gland"”. Cystic or solid
for scanning the pancreas. The surgeon is asked to indicate intrapancreatic lesions can be easily identified (Figure 7).
the location of the gland in the operative field™”. A small Communication with the main pancreatic duct or lack
amount of saline is then bathed over the pancreas to aid thereof can be readily documented intraoperatively. Tu-
the acoustic coupling. The high resolution transducer is mor relation to the adjacent vessels such as celiac axis and
covered with a sterile cover, placed directly over the gland, supetior mesenteric artery can also be ascertained during
and high spatial resolution images of the gland are ob- surgery”. A regional metastatic survey can be performed
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Figure 7 A 60-year-old male with pancreatic duct dilatation and suspected mass pancreatic head mass. A: Axial contrast-enhanced computed tomography
(CT) images show marked pancreatic ductal dilatation in the tail and body of the pancreas, with atrophy of the pancreatic parenchyma; B: Axial contrast-enhanced CT
shows fullness in the region of the head of the pancreas, concerning for an isodense pancreatic head mass; C: Intraoperative ultrasound image clearly defines a solid
mass in the head of the pancreas, consistent with a pancreatic ductal adenocarcinoma; D, E: Grayscale (D) and color Doppler (E) intraoperative ultrasound images
show to better advantage the margins of the mass (arrow) in the cephalad head of the pancreas. The lesion is confined to the pancreas, and does not involve the
gastroduodenal artery (vertical arrow). Intraoperative ultrasound is useful to assess size, margins of pancreatic mass, and their relationship with the adjacent vessels.
This is particularly useful in cases of isodense pancreatic masses, which can be very difficult to evaluate with CT.

during surgery. This usually includes search for peripan- operative imaging, altering the initial surgical and patient
creatic or retroperitoneal lymphadenopathy, which can management.

be easily detected with IOUS. One of the most common
indications for IOUS of the pancreas in our institution

is the localization of multifocal neuroendoctine tumors, CONCLUSION

specifically in the setting of multiple endocrine neoplasia Despite tremendous advancements in preoperative on-
syndrome. Small neuroendocrine tumors can easily elude cologic imaging of the liver, kidneys and pancreas with
detection with preoperative MDCT or MRI. IOUS is MDCT and MRI, IOUS provides essential diagnostic
extremely helpful to precisely localize these tumors and information during surgery, capable of changing surgical
search for unsuspected lesions, which can certainly impact planning and patient management. Precise lesion localiza-
surgical planning and alter the procedure to be performed tion, characterization, local staging, metastatic survey, clar-
(Figure 8). Not uncommonly, additional lesions are discov- ifying indeterminate findings and searching for multifocal
ered during IOUS, which were not identified on the pre- lesions not suspected on preoperative imaging are among
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Figure 8 A 46-year-old male with multiple endocrine neoplasia type I syndrome and pancreatic neuroendocrine tumor. A, B: Axial contrast-enhanced com-
puted tomography (CT) images show hypervascular masses in the head and tail of the pancreas, consistent with neuroendocrine tumors; C: Intraoperative ultrasound
image shows a well-defined solid mass in the head of the pancreas, consistent with the neuroendocrine tumor on CT; D: Doppler interrogation reveals increased
vascularity within this mass; E, F: Intraoperative grayscale and color Doppler ultrasound images detect a 5 mm solid mass with internal vascularity in the head of the
pancreas, consistent with a small neuroendocrine tumor. This lesion was not identified on the CT examination; G, H: Intraoperative grayscale and color Doppler ultra-
sound reveals the large dominant mass in the tail of the pancreas, consistent with a neuroendocrine tumor.

the most common indications for IOUS in oncology. The imaging capabilities make IOUS an invaluable asset during
high spatial and contrast resolution allied with its real-time oncologic surgery. Radiologists should become familiar
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with the technique, indications, and intraoperative imag-
ing findings since increasing future demand for IOUS is
expected in most institutions involved with oncologic sut-
gery of the liver, kidney and pancreas.
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