
BJR

Cite this article as:
Lubner MG, Mankowski Gettle L, Kim DH, Ziemlewicz TJ, Dahiya N, Pickhardt P. Diagnostic and procedural intraoperative ultrasound: 
technique, tips and tricks for optimizing results. Br J Radiol 2021; 94: 20201406.

https://​doi.​org/​10.​1259/​bjr.​20201406

REVIEW ARTICLE

Diagnostic and procedural intraoperative ultrasound: 
technique, tips and tricks for optimizing results
1MEGHAN G LUBNER, 1LORI MANKOWSKI GETTLE, 1DAVID H KIM, 1TIMOTHY J ZIEMLEWICZ, 2NIRVIKAR DAHIYA 
and 1PERRY PICKHARDT
1University of Wisconsin School of Medicine and Public Health, Madison, WI, USA
2Mayo Clinic Arizona, Scottsdale, AZ, USA

Address correspondence to: Meghan G Lubner
E-mail: ​mlubner@​uwhealth.​org

INTRODUCTION
Ultrasonography is an ideal intraoperative imaging 
tool as it is portable, provides real-time information, 
does not use ionizing radiation, and requires no patient 
preparation. Intraoperative ultrasound (IOUS) allows 
for placement of the transducer directly on the surface 
of the organ being evaluated allowing for much higher 
resolution imaging not degraded by overlying air, bone 
or soft tissue.1,2 IOUS was first performed in 1961 by 
Schlegel et al3 for detection of kidney stones, and was 
subsequently used by Knight and Newell in 1963 for 
detection of common bile duct stones.1,4 Diagnostic use 
of IOUS has expanded to a variety of surgical applica-
tions, and can be used to accurately localize pathology, 
guide extent of surgical resection, improve tumor staging 
and influence surgical decision making.2 Multiple studies 
have shown that IOUS impacts choice of surgical strategy 
ranging from 2.7 to 49% of the time depending on the 
clinical scenario.1 In the 1980s and early 1990s, intra-
operative ultrasound went beyond use solely for diag-
nostic purposes when groups began using it to guide and 
monitor intraoperative procedures including cryosurgery 
or thermal ablation.5,6

The utility and application of IOUS has continued to evolve 
since that time as pre-operative imaging and percutaneous 
techniques have improved. However, it remains a valuable 
tool for a spectrum of operative interventions. Currently, 
IOUS is commonly used for localization of known lesions 
and assessment of planned surgical margin, as well as 
detection and characterization of small lesions, particu-
larly in the liver, kidney and pancreas. IOUS with color 
and pulsed Doppler is commonly used for assessment of 
vascular structures and blood flow/perfusion, particularly 
of the graft in transplant. There is growing use of IOUS to 
guide intraoperative interventions, ranging from biopsy 
to fiducial placement to ablation, and it has an important 
role in increasingly less-invasive surgical approaches 
including laparoscopy, endocavitary, and robotic assisted 
surgery.7–10 New ultrasound adjunctive tools including 
ultrasound microbubble contrast and ultrasound elastog-
raphy have widened the scope of potential information 
that can be provided intraoperatively. The purpose of this 
review is to summarize the utility and common indica-
tions for IOUS, discuss preparation and technique to opti-
mize IOUS, and review emerging tools that may add value 
at IOUS.
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ABSTRACT

Intraoperative ultrasound (IOUS) is a valuable adjunctive tool that can provide real-time diagnostic information in 
surgery that has the potential to alter patient management and decrease complications. Lesion localization, charac-
terization and staging can be performed, as well as surveying for additional lesions and metastatic disease. IOUS is 
commonly used in the liver for hepatic metastatic disease and hepatocellular carcinoma, in the pancreas for neuroen-
docrine tumors, and in the kidney for renal cell carcinoma. IOUS allows real-time evaluation of vascular patency and 
perfusion in organ transplantation and allows for early intervention for anastomotic complications. It can also be used 
to guide intraoperative procedures such as biopsy, fiducial placement, radiation, or ablation. A variety of adjuncts 
including microbubble contrast and elastography may provide additional information at IOUS. It is important for the 
radiologist to be familiar with the available equipment, common clinical indications, technique, relevant anatomy and 
intraoperative imaging appearance to optimize performance of this valuable imaging modality.
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TECHNIQUE
Although the principles behind IOUS are very similar to those 
used with routine transabdominal or endocavitary sonography, 
there are a variety of additional preparatory steps, logistical 
considerations, and selection of suitable equipment to promote 
a successful trip to the operating room. From a workflow stand-
point, it is important to schedule IOUS studies in advance, as this 
will require a radiologist, sonographer, and ultrasound machine 
to leave the department and travel to the OR for a variable 
period of time. In preparation for the OR, thoughtful selection of 
probes and review of the existing imaging is crucial for successful 
sonography.

Several scan approaches may be available depending on the indi-
cation, clinical question, and operative access. In general, intra-
operative probes are often smaller and designed to gain access 
into tight anatomical regions during surgery (Figure  1). They 
are configured as end-fire or side-fire probes that are usually 
multifrequency (5–9 MHz). Laparoscopic probes are designed to 
fit through different sized laparoscopic ports, with a long shaft 
to enable reach from the port to the organ in question, a flex-
ible or steerable end, and a small contact surface (30 × 5 mm). 
Increasingly, minimally invasive laparoscopic or robotic surgical 
approaches are being utilized, which require either a laparoscopic 
or drop-in transducer that are usually configured with linear or 
convex linear arrays (5–10 MHz).2,7,9,10 If an open approach is 
being used, a low profile side-fire T- or I-shaped convex array 
5–10 MHz transducer with a small contact surface (5 × 50 mm) 
may be helpful. The side-fire T shaped transducer can fit against 
the palm and between the index and middle fingers and enable 
scanning along small spaces like the liver dome.

Because these probes may be different from what is normally 
used in sonography daily practice and the radiologist may be 
performing the scanning, practicing with the probes prior to the 
OR, perhaps on a phantom, or accompanying a more experienced 
staff to the OR to watch their technique may be helpful.7,9 Occa-
sionally, small endocavitary or small endoluminal probes such as 
those used for transvaginal exams can be useful for deep struc-
tures like the pancreas.2 Prior to arrival in the OR, it is critical to 
know the type of operative access, the clinical information needed 
by the surgeon, and the available equipment at your institution 
and relative strengths of different machines and transducers. For 

example, when evaluating transplant grafts, selecting a machine 
with robust color and pulsed Doppler capabilities is often most 
important for the clinical question. When leaving the radiology 
department for the OR, the sonographer and radiologist should 
communicate and gather the optimal machine, several potential 
transducers, and the needed materials to sterilely drape or use 
each transducer if the approach requires it.

In addition to selecting the right equipment, it is important for 
the radiologist to carefully review the pre-procedure imaging 
with the clinical question in mind. Anatomy is often distorted 
by mobilization or retraction and may be confusing in the some-
times daunting OR environment. Once sterile, it can be chal-
lenging to look back at pre-procedure imaging. When evaluating 
pre-procedure imaging, the radiologist should note the location 
of the surgical target and any indeterminate lesions and their 
relationship to easily identifiable landmarks, which can include 
vascular structures or adjacent benign lesions such as cysts. The 
proximity of lesions to vulnerable or critical structures and rele-
vant vascular anatomy should also be noted.1 Discussion with 
the surgeon prior to arrival in the OR can be helpful, particu-
larly if there might be a need for intraoperative interventions like 
ablation depending on the ultrasound findings. Intraoperative 
interventions may require additional equipment and staff as well 
as specific expertise, so knowing and scheduling this in advance 
is helpful.

On arrival in the OR, evaluation of the approach and appro-
priate transducer can be confirmed with the surgeon. If scanning 
directly on the surgical field, sterile preparation of the probe is 
needed, which requires cooperation between the radiologist and 
the sonographer or other non-sterile OR staff. Sterile condom 
sheaths are the most common approach to prepare the trans-
ducer for sterile use. Specially designed sheaths are available for 
dedicated intraoperative transducers which must be long enough 
to cover the length of the supply cord and should fit snugly to 
avoid artifacts.11 Once the radiologist is scrubbed, gowned and 
gloved according to institutional protocols, the radiologist can 
prepare the probe for use by placing the condom sheath over the 
probe in sterile fashion. It is important to make sure to utilize 
the appropriate cover and gel for the transducer being used. Gel 
should be generously applied to the inside of the probe cover, 
then the sonographer can carefully place the probe in the cover. 

Figure 1. Sampling of intraoperative probes including a laparoscopic probe (a, b) with long shaft, small face (inset), flexible end 
and directional controls (arrow, b), small low profile T probe (c), and robotic drop in probe (d) with curved face and ridge for 
grasping with laparoscopic tools (arrow, inset).
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As the radiologist holds the covered end of the probe, the sonog-
rapher can carefully pull the sheath over the length of the cord, 
touching only the open end of the sheath. Once the probe is in 
the cover, air between the transducer and the cover interface 
should be eliminated. The cover can be tightly secured with 
the provided clip or rubber band (supplemental online video). 
The laparoscopic probe cover may have a longer sleeve and very 
slippery lubricant; some probes can be autoclaved. A robotic or 
drop-in probe may not require a sleeve or cover, as these can 
often be autoclaved between uses, and can be steered from the 
robot without donning sterile gown and gloves. These probes are 
highly versatile, but some education about how to use the robot 
from the surgeon or time in the robot simulation lab can be very 
helpful.

When scanning, it can be helpful to add fluid such as sterile saline 
to the resection cavity or the surface of the organ being scanned. 
This can improve contact between the probe and the organ 
surface and can facilitate smooth movement of the probe along 
the surface. In addition, it can be helpful for imaging lesions in 
the near field.11 It is useful to turn down the OR lights the probe 
has been placed on the field. If possible, the radiologist should 
stand on the side of the patient opposite the ultrasound machine 
or have images projected on the larger surgical monitors so they 
can be easily viewed without turning or twisting. When scanning, 
light pressure should be used to maintain contact between the 
probe and the organ. The actual anatomy scanned and method 
of scanning will be influenced by the purpose of the exam. If 
there is a specific clinical question (e.g. presence of vascular flow 
in a graft), doing a tailored exam to evaluate the vasculature is 
sufficient. If a small probe is being used to perform a system-
atic survey to identify lesions (e.g. metastatic survey), consecu-
tive slightly overlapping vertical/sagittal sweeps along the organ 
being evaluated can be used to try to cover as much of the organ 
in question as possible. For example, when scanning the liver, it 

can be helpful to start at the lateral margin of the left lobe and 
move to the right, covering as much of the liver as possible. Make 
sure that expected lesions are identified based on vascular struc-
tures and benign lesions identified as landmarks. It is helpful 
to have the sonographer at the ultrasound console to optimize 
parameters, to activate color and spectral Doppler when needed 
(e.g. to properly identify vascular landmarks and assess flow) and 
to periodically save images for documentation. When complete, 
carefully remove the probe from the surgical field and remove 
soiled probe covers while still gowned and gloved.

CLINICAL APPLICATIONS
Liver
IOUS is frequently used during planned liver resection, most 
commonly with metastatic colorectal cancer or hepatocellular 
carcinoma (HCC),12–14 or during liver transplantation. During 
hepatic resection, either for primary tumor resection or metas-
tasectomy, it is used for localization of lesions with respect to the 
planned surgical margin, to evaluate for and characterize addi-
tional lesions that may be present, assess vascular occlusion or 
invasion, and occasionally to guide intraoperative interventions. 
Two main approaches are commonly used, either open or lapa-
roscopic. Since scanning is almost always performed directly on 
the liver surface, very high resolution images can be obtained. 
With current transducer resolution, lesions larger than 2 mm can 
be identified, with sensitivity reported in the 90–95% range.15,16 
Therefore, IOUS may improve detection, characterization, local-
ization and local staging of hepatic tumors (Figure 2).13 In addi-
tion, IOUS is considered to be the best method for evaluating the 
relationship between the liver lesions and nearby vascular struc-
tures and bile ducts.11 Typically, a 1–2 cm margin is required 
for adequate lesion resection. For an open approach, the liver 
may be partially mobilized and a side-firing T-probe may work 
best, fit into the palm and stabilized with the index and middle 

Figure 2. MRI and corresponding IOUS images of a spectrum of liver lesions. Mucinous CRC metastatic lesion on hepatobiliary 
phase MRI (a) demonstrates fine calcifications and a hyperechoic appearance at IOUS (b), while a different 88-year-old male with 
multifocal CRC on hepatobiliary phase MRI (c) demonstrates a lobulated ill-defined hypoechoic lesion at IOUS (d). A heterogene-
ously enhancing lesion on arterial phase MRI imaging (e) found to be metastatic NET in a 57-year-old female was hyperechoic at 
IOUS (f). A left lobe lesion that demonstrated arterial enhancement with portal venous washout (arrows, (g) in a 67-year-old male 
without known liver disease was found to be hepatocellular carcinoma at biopsy. This appeared targetoid with a hypoechoic rim 
at IOUS (h). CRC, colorectal cancer; IOUS, intraoperative ultrasound; NET, neuroendocrine tumor.
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fingers. As above, determining whether a directed localization 
or general survey is needed can be helpful. Scanning can begin 
in the left lobe and progress to the right in overlapping strokes. 
Visualizing the high dome may be challenging, and scanning 
through another lobe or from the inferior surface of the liver is 
sometimes necessary.11 If a laparoscopic approach is required, 
the radiologist should choose the available port with the best 
access and angle to the liver, and take a similarly systematic 
approach with careful interrogation of lesions when identified. 
Metastatic lesions are often targetoid and may have an ill-defined 
hypoechoic rim (Figure  2). Mucinous tumors may occasion-
ally contain fine calcifications and appear slightly hyperechoic 
(Figure  2). Metastatic lesions that are similar in size and arise 
from a single primary tumor typically appear similar on ultra-
sound.11 It is also important to evaluate the hepatic vasculature 
for bland or tumor thrombus, particularly with HCC, and to 
evaluate for lymph nodes in the porta hepatis.

Multiple studies have looked at the impact of IOUS on surgical 
decision-making. Even with state-of-the-art pre-operative CT 
and MR imaging, several studies have shown that IOUS still 
impacts surgical strategy in 12–30% of patients undergoing 
colorectal cancer liver metastasectomy.12,17 IOUS is also useful in 
staging primary hepatic neoplasms such as HCC and may iden-
tify intravascular growth of tumor or tumor thrombus that was 
equivocal on preprocedure imaging.18

New adjunctive techniques such as use of microbubble contrast 
or elastography have been utilized with IOUS of the liver. 
Contrast-enhanced ultrasound (CEUS) may increase sensitivity 
and specificity in detecting lesions, and may provide additional 
information for characterization of lesions.14,19–21 Treated lesions 
may be particularly challenging to identify, and CEUS may be 
helpful in this setting. CEUS can also be helpful for the evalua-
tion of liver vasculature. Some unique workflow challenges may 
exist in the OR, and use of CEUS may require advance planning 
and cooperation with the anesthesia team. Similarly, intraoper-
ative elastography may be helpful for characterization of liver 
lesions based on differences in stiffness,22,23 or identification of 
challenging lesions, providing “visual palpation” of non-palpable 

or barely visible lesions.24 Elastography is also an additional way 
to evaluate intraoperative interventions such as ablation. 3D 
printed models may be a useful adjunct to IOUS in complex liver 
resections.25

Echogenic shadowing due to gas at the resection margin can be 
seen on IOUS. Cautery used to score the liver or packing mate-
rial around the liver can also produce acoustic shadowing. It is 
important to be aware of these artifacts in the intraoperative 
setting.11,26

Intraoperative biopsy, fiducial placement, or 
ablation
Despite use of diagnostic IOUS and adjunctive techniques, 
a lesion may not always be definitively characterized and may 
require intraoperative biopsy to determine the surgical plan. If 
the lesion is superficial, wedge resection can be performed. If 
not, IOUS-guided biopsy can be used to sample indeterminate 
lesions in real time and has high diagnostic yield and favorable 
safety profile. However, these biopsies can be technically chal-
lenging due to the location of the incision, the small face of the 
transducer and a more difficult angle of approach. If the appro-
priate angle cannot be obtained through the incision, a percu-
taneous entry site away from the incision can be used to obtain 
a more desirable trajectory (Figure 3). Biopsy specimens can be 
sent for rapid frozen section to obtain more timely results. In 
addition to biopsy, occasionally requests are made for fiducial 
placement for localization for future radiation therapy and these 
can be placed in a similar manner intraoperatively.

Due to advances in adjunctive techniques, many ablation 
cases can be performed percutaneously or sequentially with 
surgery.27,28 Occasionally, it can be performed intraoperatively 
to extend the limits of hepatic surgery.6,29,30 For example, abla-
tion plus surgery may allow local tumor control in patients with 
technically unresectable disease (Figure  4). Like biopsy, it can 
be technically challenging but may allow access to locations 
that may be difficult to access percutaneously, or may allow for 
both resection and ablation to be done under a single general 

Figure 3. 48-year-old male with pancreas cancer undergoing Whipple with IOUS found to have indeterminate liver lesion (a) 
underwent intraoperative biopsy which demonstrated metastatic disease (b, arrow, needle). It was challenging to obtain the 
desired angle of approach through the surgical incision, so a percutaneous puncture site away from the incision was selected for 
optimal targeting. IOUS, intraoperative ultrasound.
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anesthetic. Ablation can be used to treat lesion(s), to fortify a 
margin that is close, or to devascularize a non-anatomic resec-
tion plane. The acoustic shadowing caused by thermal ablation 
(gas with heat based modalities, ETOH; iceball with cryoabla-
tion) may produce a blind spot on the deep side of the ablation 
zone and may require scanning from an alternate approach for 
visualization.

These intraoperative procedures are most commonly applied in 
the liver, but can be similarly applied to other sites such as the 
kidney.

Kidney
There is a continued strong push toward nephron-sparing 
surgery in the kidney, with improved surgical techniques and 
approaches to partial nephrectomy and increased utilization of 
locoregional therapies like thermal ablation.26 These nephron-
sparing procedures utilize imaging to more precisely define 
the margins and extent of tumors. IOUS is one imaging tool 
commonly used for this task, particularly important for partially 
or completely endophytic lesions.8,10 Precise tumor delineation 
allows optimal sparing of adjacent parenchyma while main-
taining adequate oncologic margin, and IOUS is extremely 
helpful to define the size and extension of tumor into adjacent 

structures.31 Sensitivity and specificity for renal sinus or vascular 
invasion is very high, approaching 100%.31 For endophytic renal 
lesions, robotic partial nephrectomies that used IOUS showed 
lower estimated blood loss, shorter warm ischemia times, fewer 
complications, and improved oncologic outcomes (Figure  5).8 
IOUS can also be used to survey for additional unexpected 
lesions or to characterize additional indeterminate lesions, 
which can alter the operative plan or technique, as described 
with the liver. In one series of patients undergoing open partial 
nephrectomy, 10% of patients had additional findings at IOUS 
not seen on pre-operative imaging that altered surgical manage-
ment in the majority of cases (71%).32 The operative approach to 
partial nephrectomy is now commonly laparoscopic or robotic 
which can be technically challenging and may require prac-
tice.10 As discussed in the technique section, a robotic approach 
may utilize a drop-in probe that can be controlled via the robot 
and may not require sterile technique. Some advance practice 
with the robotic tools or in the robotic simulation lab can be 
helpful for preparation.10 As with the liver, irrigating the surface 
of the kidney with sterile saline and keeping the transducer 
perpendicular to the kidney surface with good contact is helpful 
for optimal visualization. CEUS may occasionally be helpful 
in evaluation of the adjacent vasculature, particularly when 
assessing for bland or tumor thrombus.10

Figure 4. 55-year-old male with metastatic RCC to the pancreas (a, c yellow arrow) and liver (a–c, blue arrows). IOUS image from 
open approach shows the mass in the pancreas (d, yellow arrow) and hyperechoic caudate liver lesion (e, blue arrow). Patient 
underwent pancreaticoduodenectomy, wedge resection of hepatic metastatic in segment 4b (not shown) and 6 and intraopera-
tive microwave ablation of hepatic lesions in segment 4a (not shown), caudate, and segments 6/7 for clearance of all metastatic 
disease. IOUS image demonstrates advancement of a microwave ablation applicator (e, green arrow) into the caudate liver lesion 
with subsequent ablation and gas cloud with posterior acoustic shadowing encompassing the lesion (f, circle). Due to the small 
transducer face, it is difficult to lay the needle out along its full length. After this treatment, the patient remains disease free 1 year 
later. IOUS, intraoperative ultrasound; RCC, renal cellcarcinoma
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Laparoscopic ablation can also be performed for renal lesions 
that are challenging to approach percutaneously, although 
improvements in adjunctive techniques such as hydrodissection 
and pyeloperfusion have allowed for more aggressive patient 
selection for percutaneous approaches.33

Pancreas
The pancreas is a deep structure and can often be imaged with 
the T-probe. However, other effective probe selection include 
a small hockey stick probe, the laparoscopic probe, or a trans-
vaginal probe if maintaining adequate organ contact is difficult. 
Sterile saline can be useful to aid in scanning, and direct scanning 
of the gland from the head and uncinate process to the tail can 
be performed. The pancreas generally appears homogeneously 
hyperechoic and the duct is a hypoechoic tubular structure at the 

center of the gland. Cystic or solid hypoechoic tumors are readily 
identified.26 IOUS in the pancreas is most commonly used for 
localization of small tumors, particularly neuroendocrine tumors 
such as insulinoma, for localization of non-palpable lesions and 
evaluating proximity to the pancreatic duct (Figure 6).34,35 This 
can again impact the surgical approach, where both enucleation 
or partial pancreatectomy may be options. It can also be used 
to assess the adequacy of the margin after enucleation, and to 
assess for the presence of additional occult lesions as can be seen 
with hereditary syndromes like multiple endocrine neoplasia 
(MEN)36,37 and can be used to survey the liver for metastatic 
disease where relevant.38 IOUS can be used to biopsy pancre-
atic or indeterminate liver lesions if indicated. IOUS also is valu-
able in the setting of pancreatitis-related surgery, particularly 

Figure 5. 42-year-old female with complex cystic lesion of the right kidney (arrows, a, b) identified on pre-operative T2W (a) and 
T1W with contrast (b). Patient underwent robotic partial nephrectomy (c), which utilizes the drop in probe and grasper tool to 
apply the probe to the lesion (arrow, d) and an ultrasound machine connected to the robot control panel (e). Intraoperative ultra-
sound images (f) demonstrate a predominantly solid, vascular mass and delineated the proximity of the mass to the renal hilum 
and major vessels in real time. Surgical pathology demonstrated clear cell RCC. RCC, renalcell carcinoma

Figure 6. Pre-operative CT (a) in a 23-year-old female demonstrates a mass in the pancreatic head (yellow arrow). EUS biopsy 
showed solid pseudopapillary neoplasm. At IOUS (b, c), note the small cystic spaces with the lesion identifiable at high resolution 
but not well seen from a percutaneous approach. The pancreatic duct (blue arrows) is also localized leading up to the mass to aid 
in operative approach. EUS, enhancedultrasound; IOUS, intraoperative ultrasound
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for localizing and determining the size and appearance of 
the pancreatic duct, localizing collections and evaluating the 
vasculature.38–40

Intraoperative radiation therapy (IORT) is an emerging therapy 
for marginally or borderline resectable pancreas cancer. IOUS 
may be helpful in targeting and assessing resectability.41

Solid organ transplants
IOUS is commonly used in transplant for assessment of graft 
vasculature and perfusion. IOUS to evaluate graft vascular 
anastomoses and flow may allow for early intervention and 
prevention of later or more severe complications. IOUS is often 
combined with serial post-procedure Doppler ultrasound. CEUS 
may have some utility in trouble shooting or better visualizing 
vessels (Figure 7). When evaluating a transplant, it is critical to 
choose a machine and probe with adequate Doppler capabilities. 
This IOUS evaluation of transplant is performed with a spec-
trum of graft types, most commonly including liver, kidney and 
pancreas.42 Small studies have shown a sensitivity of near 100% 
and specificity up to 89% in assessing inflow and outflow vessel 
patency in liver transplantation, which can lead to improved 
graft survival.43–45 In liver transplant, the hepatic artery and 
portal veins can be interrogated in the porta hepatis but should 
also include evaluation of the intrahepatic branches, particularly 
for the hepatic artery. Spectral Doppler findings of hepatic artery 
inflow compromise include an intrahepatic tardus parvus wave-
form (slow upstroke and low-resistance flow, RI <60%) and high 
velocity jet at the anastomosis or area of narrowing (>200 cm 
s−1). Undetectable intrahepatic arterial flow raises concern for 
hepatic artery thrombus. On grayscale, echogenic thrombus can 
be seen with loss of color Doppler signal. It is critical to iden-
tify arterial or venous thrombosis immediately before operative 
closure.46 Similar findings can be seen in other types of grafts 
where both arterial and venous structures should be interrogated 
(Figure  8). Intra- and immediate post-operative ultrasound is 
of high utility in these patients. At times, the arterial structures 
may appear patent intraoperatively, then appear abnormal after 
abdominal closure, sometimes due to kinking in small or pedi-
atric patients where the liver is slightly large for the recipient. In 
these cases, packing the incision open initially can be helpful. 
Identification of these changes on ultrasound can be helpful in 
suggesting this etiology.

In living donor split liver transplantation specifically, IOUS 
may also be used to help identify an avascular resection plane 
in the donor and to document flow once the graft is in the 
recipient.11,47

Figure 7. CEUS in a living donor split liver transplant patient 
demonstrating a patent hepatic artery (arrow) in the porta 
that was challenging to see on grayscale ultrasound. The 
artery was challenging to separate from the adjacent por-
tal vein and CEUS allowed for real-time separation. CEUS, 
contrast-enhanced ultrasound.

Figure 8. Ultrasound images obtained immediately post-pancreas transplant (a) demonstrate markedly elevated resistive indices 
and reversal of diastolic flow in the pancreatic graft. Based on these findings, the patient was taken back to the operating room 
and extensive graft venous thrombosis was identified on grayscale (b) and color Doppler (c) IOUS images (arrows). Vein graft 
thrombosis is the most common cause of pancreatic graft loss. IOUS, intraoperative ultrasound
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GYN applications
As the trend toward more laparoscopic gynecologic surgeries 
continues, the role and utility of IOUS in the procedures is 
being explored. Laparoscopic myomectomy is one place where 
IOUS has shown promise for identifying smaller, nonpalpable 
lesions and determining optimal hysterotomy incision site.48 
Similarly, dilation and curettage procedures performed with 
ultrasound guidance had significantly lower overall complica-
tion rate, reduced intraoperative blood loss, decreased proce-
dure time, decreased post-operative bleeding and faster recovery 
(Figure 9).49 Ultrasound guidance can also be used to map pelvic 
anatomy prior to and during complex GYN procedures, to char-
acterize adnexal masses at laparoscopy, to serve as an adjunct to 
hysteroscopy and to guide embryo transfer.50 In a recent small 
series of patients with deep infiltrating endometriosis affecting 
bowel, IOUS was used to assess the length and depth of pene-
tration of disease for surgical decision making. IOUS showed 
improved sensitivity for muscularis propria invasion and 
improved accuracy for quantifying lesion size compared to pre-
operative ultrasound imaging.51 Transabdominal ultrasound can 
be used to during tandem placement for uterine brachytherapy 
in order to guide placement, optimize position in the endome-
trial cavity and prevent complications like uterine perforation.

Additional applications: there are a spectrum of potential appli-
cations for IOUS outside of the abdomen/pelvis, e.g. in ENT or 
neurosurgery. For resection of brain tumors, ultrasound may 
be helpful for tumor localization, assessment of adequacy of 

resection, and evaluation of tumor vascularity and position rela-
tive to vascular structures.52 IOUS can be used to aid in para-
thyroid localization or to guide transoral biopsy of head and 
neck lesions not accessible percutaneously (e.g. retropharyngeal 
lesions) using endocavitary probe.53 These areas are emerging 
areas of IOUS utilization that may see future growth.

CONCLUSION
Despite improvements in pre-operative imaging, IOUS remains 
a valuable adjunctive tool that can provide real-time diagnostic 
information in surgery that may alter patient management and 
decrease complications. Lesion localization, characterization, 
and staging can be performed, as well as surveying for additional 
lesions and metastatic disease. It allows real-time evaluation of 
vascular patency and perfusion in transplant and allows for early 
intervention on anastomotic complications. It can also be used 
to guide intraoperative procedures such as biopsy, fiducial place-
ment or ablation. It is important for the radiologist to be familiar 
with the available equipment, clinical indication/question, tech-
nique, relevant anatomy and intraoperative imaging appearance 
to optimize performance of this valuable imaging modality.
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Figure 9. 68-year-old female with heterogeneous endometrial thickening (arrow, a, sagittal CT) and abnormal uterine bleeding. 
Intraoperative ultrasound guidance for dilation, curettage and endometrial sampling was performed from an anterior percuta-
neous transabdominal approach. Note the curette within the endometrial cavity (b, arrow). IOUS helps ensure a robust sample 
but prevents pushing the curette through the uterine fundus. Surgical pathology demonstrated endometrial cancer and sufficient 
material was obtained for additional pathologic and genetic testing. IOUS, intraoperative ultrasound
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