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Chapter

Use of Intraoperative Ultrasound
(IOUS) in Liver Surgery

Ali 1. Yahya

Abstract

Over the last many years, diagnostic imaging has grown from a state of infancy
to a high level of maturity. The various imaging modalities were developed over
the last 50 years. Ultrasonography is one of the valuable tools in diagnosis of many
diseases for a long time. It replaced X-ray in the diagnosis of many different dis-
eases. It is noninvasive and has no complications if used many times in the day even
if it is safe during pregnancy. The use of ultrasonography was spread over the years
in all branches of medicine. It is promptly used in emergency medicine. Its use was
introduced during operations. It showed excellent results when used for the assess-
ment of liver tumors either primary or secondary liver tumors during open surgery
and laparoscopy. The use of high-frequency ultrasound probe intraoperatively will
nullify the abdominal wall and bowel gas effects on the result.

Keywords: intra-opertive ultrasound, liver surgery

1. History of IOUS

In 1942, Neurologist Karl Dussik used ultrasound first time in the medical
diagnosis of brain tumors.

In 1948, George D. Ludwig developed the A-mode ultrasound equipment to
detect gallstones.

John J. Wild is known as the “father of medical ultrasound” for imaging tissue in
1949. Modern ultrasonic diagnostic medical scans are descendants of the equipment
developed by him and his colleagues in the 1950s.

In 1957-1958, Ian Donald, professor of obstetrics and gynecology from Glasgow,
invented the ultrasound machine and developed first time the use of ultrasound in
obstetrics.

The use of ultrasound during operations which is called intraoperative ultra-
sound was started in 1960 [3]; however, it was not widely accepted in use because
of limited experience and the quality of ultrasound machine. Bernard Sigel is the
surgeon who first performed intraoperative ultrasound in biliary surgery; it was in
1979, and later in 1980, he started using IOUS in hepatobiliary surgery.

In 1980, intraoperative ultrasound became more popular and widely used in the
field of hepatobiliary and pancreatic, vascular, and neurosurgery.

In 1990, the use of intraoperative ultrasound became widely used, especially in liver
surgery. And in the mid-1990s, the use of intraoperative ultrasound became a routine
use in hepatic surgery; introduction of probes for open and laparoscopic surgery also
added much in addition to the utilization of color Doppler flow ultrasound. IOUS
is used for the assessment of pancreatic lesions, blood vessel invasion, lymph node
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metastasis, and also biopsy. The use of intraoperative ultrasound adds a lot of informa-
tion on the anatomy and pathology of the lesion to the surgeon when he is standing at
the operation table and can change the decision of the surgical management.

2. Use of intraoperative ultrasound for liver diseases

Ultrasound is used for diagnosis and assessment of liver diseases mainly for
tumors, like colonic metastasis since 1990 with the use of a transducer either linear
or T-shaped 3.7 MHz.

Intraoperative ultrasound can be used during an open or laparoscopic surgery;
each approach has a unique probe. The use of ultrasound where the probe is put
directly on the liver with no skin and abdominal wall interferes with the picture of

the liver tissue.
The use of IOUS in different diseases:

1. Benign liver diseases
2.Malignant liver tumors
2.1 Benign liver diseases

The liver is a very important intra-abdominal organ, which is involved in dif-
ferent diseases that either originate in the liver itself or by a lesion in another part
of the body and involves the liver like hepatic metastasis of malignancy. There are
benign liver diseases, which are diagnosed by imaging like ultrasound, computed
tomography, and magnetic resonance imaging.

2.1.1 Use of IOUS added changes in treatment of different benign liver lesions
2.1.1.1 Hydatid liver disease

Intraoperative ultrasound is used in surgery for hydatid liver disease. It is used
routinely in our hospital.

Once the abdomen is opened, we examined the liver manually for localization
of the cysts, and defining the number, we use T-shaped ultrasound probe sterilized
by glutaraldehyde and examine the liver with the team of our consultant surgeons
who perform IOUS and had good training in ultrasound. We examine the number
of the cysts and contents in relation to the blood vessels and bile ducts, and visible
bile duct communication will be notified if it is visible. Intraoperative ultrasound is
more superior and informative than CT and MRI for hepatic hydatid disease, and it
is found of value in the following [6-12]:

1. Localization of the cyst in relation to major blood vessels and bile duct.

2. Helping in planning hepatotomy to reach deep-seated cysts.

3. Aspiration and injection of deep-seated cysts—pair technique.

4.Trans-choledochal hydatid cyst evacuation—this is a very rare operation that
was done for a 20-year-old female patient admitted to Zliten Teaching Hospital

with obstructive jaundice and with percutaneous ultrasound and MRI. The
cause of obstructive jaundice was due to the daughter hydatid cyst coming
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from the mother hydatid cyst which was a deep-seated hepatic hydatid cyst in
segment VIII with communication to the bile duct which was cleared by MRCP
(Figures1and 2). The surgery was performed to the patient with the use of
IOUS. The common bile duct was opened, and the daughter cysts from the bile
duct were removed with the help of IOUS the mother cyst was cleared from
daughter cysts by approach through the communication with the bile duct,
Endocyst was removed, and the residual cavity collapsed which is clearly seen
by IOUS. A T-tube was put inside the common bile duct, and the patient was
discharged and after 4 weeks she had a T-tube contrast study. The common bile
duct was clear, there was no more cyst in the liver, and the patient was cured
from the hepatic hydatid-induced obstructive jaundice (Figure 3).
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CT scan liver showing residual cyst was done after two months after the surgery

Figure 1.

Showing the liver with hydatid cysts in a child, aged 9 years, which had preoperative ultrasound which showed
few hepatic hydatid cysts, with the use of intraoperative ultrasound; 22 hydatid cysts were removed in spite of
the CT scan reporting few cysts.

2.1.1.2 Liver hemangioma

Liver hemangioma is not a common liver lesion; it can have a small size or may
increase in size and rupture and can be detected by percutaneous ultrasound,
CT, and MRI. Intraoperative ultrasound is used for delineation and plans the
resection of the hemangioma. Hemangioma can be differentiated from other liver
lesions by contrast-enhanced intraoperative ultrasound. It can be compressed
under ultrasound and seen by Doppler, which is a feature of the space containing

blood.
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Figure 2.
Showing a patient with surgery for huge liver hydatid cyst. IOUS was used to scan the liver for other cysts and
used in surgical approach to excise the cyst.

Figure 3.
Showing a big hydatid cyst in the liver.

2.1.1.3 Intraoperative ultrasound study of the gall bladder and the bile duct

With the development of transducers for intraoperative ultrasound, intrahepatic
and extrahepatic bile ducts can be visualized with 7.5 MHz probes. We use T-shaped
probes sterilized with glutaraldehyde solution or by gas sterilization; the probe can
be covered with sterile sheet. Intraoperative laparoscopic ultrasound is used during
laparoscopic cholecystectomy to visualize common bile lesions including stones,
tumors, and gall bladder suspicious lesions either sludge or tumors.

Laparoscopic intraoperative ultrasound can replace intraoperative cholangio-
gram for the detection of common bile duct stones which costs less and consumes
less time [1, 2, 4, 5] (Figure 4).

2.1.1.4 Liver cysts

Benign liver cyst, which can be congenital or acquired with the use of intraop-
erative ultrasound, we can delineate and study the relation of the cysts to the blood
vessels and the bile duct.

2.1.1.5 Liver abscess

Liver abscess is not common; once happened it can be localized and aspirated
with the help of intraoperative ultrasound.
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Figure 4.
A 60-year-old female patient with carcinoma in the gall bladder; the tumor was vesected completely with
segment of the liver.

2.1.1.6 Liver tumors

For primary liver tumors and hepatocellular carcinoma, IOUS is very helpful
in staging the tumor looking for any small lesions. It is very helpful in case of a
cirrhotic liver, 1 for looking the extent of the lesion, relation of the blood vessel to
the lesion. It is more useful if contrast-enhanced ultrasound is used. IOUS is more
superior in detecting liver lesion than preoperative MRI and CT scan with sensitiv-
ity of 95-100% in comparison to others, 80% for CT, and 70% for percutaneous
ultrasound. It is very helpful in liver resection for liver malignant tumors and will
improve patient survival by taking safety liver resection; with the use of IOUS,
limited liver tumor resection can be done in a non-segmental way and will improve
patient survival especially in a patient with hepatocellular carcinoma with a back-
ground of cirrhosis [25-27, 29-33]. IOUS may have difficulty in detecting small liver
lesion in a fatty liver; however, the use of contrast-enhanced ultrasound will be
more beneficial [22-24, 28].

For cholangiocarcinoma of the hilar region and Klatskin tumor, intraopera-
tive ultrasound makes a difference in staging the disease and resection of the
tumor.

Use of I0US in malignant hepatic tumors:

1.I0US scan for malignant liver lesions adds an outcome of 25-35% more over
percutaneous ultrasound in liver resection and helps in defining the extent of
the tumor and its relation to big blood vessels and the bile duct [13-21].

2. Helping in biopsy of liver lesions
The use of IOUS at primary surgery of colonic tumor is as follows: In our hospi-
tal it is done when the operation is performed by senior surgeons, and we found it

gives more information on the staging of the tumor. It is found more superior than
CT scan and percutaneous ultrasound.

2.1.1.7 Hepatic transplantation

It is used for harvesting the liver and for following the patency of anastomosis of
the blood vessels.
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3.10US

IOUS changed the surgical decision when used by hepatobiliary and pancreatic
surgeons. The benefit of the use of IOUS in surgical treatment of a liver disease may
reach to 41.9% according to documented studies and makes the use of IOUS for liver
surgery of a big value.

3.110US training
1. Ultrasound is performed by the radiologist who had training and knowledge of
operating on machines, and the radiologist and radiographer should be ready
to perform the procedure in the right time.

2.1t is difficult to perform IOUS during emergency operations, if needed.

3. Training of surgeons for the use of ultrasound during surgery needs time for
different surgical operations.

3.2 Methods of the use of IOUS
1. Types of the transducer: the transducer can be for open surgery (linear or
T-shaped). There are laparoscopic and robotic transducers which are used

during laparoscopic surgery.

2. Sterilization: the transducer needs either sterilization or cover with sterile
sheet to be used in surgery.

Sterilization and disinfecting the probes:

a.The transducer has to be cleaned after finishing the work and dried with dry
tissue paper.

b.Use the sterile sheet cover over the transducer, and put sterile gel during the
examination inside the cover.

c. Use a disinfective solution like CISEx; the time is 12 minutes. Glutaraldehyde
and dialdehyde are not used nowadays because they may cause inflammatory
contact.

d.Hydrogen peroxide.

e.Plasma.

3. Cover the ultrasound board with sterile sheet for the surgeon to use the board
by himself.

4.Full mobilization of the liver by the removing of the ligaments before the
application of IOUS.

5.Examining the remaining liver tissue for its blood flow and bile drainage. IOUS
is a very crucial tool for modern liver surgery and changes the resection margin
and the outcome.
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6. When we examine the liver, we follow the portal veins and hepatic veins.

7.Looking for the pattern of the blood vessels: the flow of the blood, clotting
in the blood vessels, and the pedicle supply of the resected and remaining
segments.

Open surgery ultrasound transducer

Laparoscopic ultrasound transducer

Robotic ultrasound transducer
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4. Conclusion

Ultrasound is routinely used for the diagnosis of diseases. The use of ultrasound
during surgery is applied for a long time, and it is used for surgical treatment of
surgical liver diseases. It made a lot of changes in the management of malignant
hepatic metastatic colonic tumors. Using IOUS for liver pathology will change the
mode of treatment. It also helps in the ablation of liver tumors. IOUS is also used for
surgical treatment of benign hepatic pathology like hydatid liver disease, liver cysts,
bile duct stones, and bile duct tumors. It can replace intraoperative cholangiography
when needed. The advantages of the use of IOUS in liver surgery are the following:
it gives better informations about the liver involvement by the lesion than trans-
cutaneous ultrasound, CT scan, or MRI; it will show small lesions which may not
be seen by the other modalities; it helps in outlining the resection line when liver
resection is planned; it gives informations about the relation of the blood vessels
to the lesion; it gives information about the bile duct anatomy; and it can replace
intraoperative cholangiogram if needed. Disadvantages of IOUS in liver surgery are
the following: it needs special training for the surgeons, it adds more work for the
radiologists if it needs to be done by the radiologist, and it is difficult to be used in
emergency surgery like where patients are operated on malignant bowel obstruc-
tion to check whether the patient has liver metastasis or not. This is because of
availability of the trained surgeon or trained radiologist and the availability of the
equipment. The use of IOUS in liver surgery will add more cost, and it may not be
possible in hospitals where the resources are restricted.
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