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Introduction/background
The liver is the most common site of metastatic disease with up to 40–50% of all
cancers having the potentiality for sending liver metastasis during the disease.
Consequently, there has been increasing value for surgical resection of hepatic
deposits of different types of cancers. The need for accurate evaluation of the extent
of hepatic metastasis was established for choosing the most suitable patients for
surgery and in planning the extent of hepatic resection.
Aim
The aim of this study was to evaluate the role of intraoperative ultrasound (IOUS) in
the detection of hepatic deposits in intra-abdominal malignancies with special
emphasis on its accuracy, sensitivity, and specificity.
Patients and methods
This study was carried out on 30 patients who were admitted to the Gastrointestinal
Surgery Unit, Main Alexandria University Hospital, with intra-abdominal
malignancies for whom elective open surgical intervention was recommended in
the period from 1 September 2017 till the 31 March 2018.
Results
This study consisted of 17 (56.7%) men and 13 (43.3%) women. Their mean age at
admission was 52.77±9.12 years. Six (20%) of the included patients were found to
have hepatic lesions by using IOUS including the four (13.3%) cases already
detected by preoperative imaging. Two (6.67%) cases were newly discovered in the
operative room by using IOUS.
Conclusion
This study has proved that IOUS demonstrates superior lesion detection over the
various noninvasive preoperative imaging modalities causing significant impact on
change of the planned surgical strategy.
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Introduction
The liver is the most common site of metastatic disease.
Metastatic liver disease is common in most
gastrointestinal malignancies, with patient survival
being highly dependent on the control of metastatic
disease mandating accurate localization of hepatic
deposits [1,2].

Intraoperative ultrasound (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%. However, with the recent advances
in preoperative images the role of IOUS was
controversial [3,4].

In spite of the increasing rates of preoperative detection
of liver lesions, preoperative imaging studies cannot
compensate for the dynamic intraoperative localization
offered by IOUS that allows an accurate parenchymal
transaction thus improving the safety of liver surgery
Wolters Kluwer - Medknow
and the margin status. IOUS not only helps the
surgeon to understand the three-dimensional
relationship between the liver vasculature and tumor
it also improves patient outcome by getting adequate
margins of resection [5].

The aim of this study was to evaluate the role of IOUS
in the detection of hepatic deposits in intra-abdominal
malignancies with special emphasis on its accuracy,
sensitivity, and specificity.
Patients and methods
This study was carried out on 30 consecutive patients
who were admitted to the Gastrointestinal Surgery
Unit, Alexandria Main University Hospital, with
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intra-abdominal malignancies for whom elective open
surgical intervention was recommended in the period
from 1 September 2017 till the 31 March 2018.

Only patients with an interval of not more than a
month between dedicated preoperative imaging
study and the time of surgery were included in the
study.

After approval of the local ethics committee, all
patients included in the study were informed well
about the procedure and an informed written
consent was obtained from every patient before
carrying out the procedure.

All the included patients performed full laboratory
investigations, preoperative imaging study including
computed tomography (CT) scan, as well as the
required investigations to fully assess the primary
tumor (e.g. endoscopy).

Through the standard midline abdominal exploratory
incision or extended right subcostal incision, taking
down any inflammatory adhesions was done (Fig. 1).
Sectioning of the falciform and round ligaments may
be done. Careful inspection and palpation of the liver’s
surface was performed first followed by IOUS probe
Figure 1

Placement of the intraoperative ultrasound probe.
placement and examination of the liver for the
detection of liver metastases without mobilization of
the liver by a radiologist.

A real-time B-mode with color Doppler capabilities
electronic scanner system, Toshiba TA311 (Tokyo,
japan) with a 7.5-10MHz T-shaped linear array
probe, or a convex-array probe was used. The liver
was scanned with overlapping fields from the dome to
the caudal edge, proceeding from the left to the right
through the entire organ in a sequential manner. The
examination started with identifying the hepatic veins
by placing the probe on the anterior portion of segment
IV with its inclination superiorly as they enter the
inferior vena cava are characterized by their almost
hyperechoic walls and following each vein out to its
peripheral tributary branches which were used to
identify the sectors and segments.

The next step is to identify the left portal pedicles to
segments I, II, III, and IV and the right portal pedicles
to segments V, VI, VII, and VIII by inclining the
transducer inferiorly. Finally, the porta hepatis was
evaluated. Once a lesion had been identified, it was
examined thoroughly (site, maximum size, character,
and shape) with its relation to the intrahepatic vessels
determined.
Results
The 30 patients included in this study consisted of 17
(56.7%) men and 13 (43.3%) women. Their mean age
at admission was 52.77±9.12 years (ranged from 37 to
70 years). This study included eight (26.7%) patients
who underwent surgery for hepatobiliary pancreatic
tumors and 22 (73.3%) for gastrointestinal tract
tumors.

All the included patients did preoperative CT, whereas
two (6.7%) patients did MRI as well with four (13.3%)
cases having hepatic lesions; one (3.33%) case with a
simple cyst, two (6.7%) cases with a single mostly
benign lesion, and one (3.33%) case with a single
mostly malignant lesion.

All cases included in this study had their preoperative
imaging studies within the month preceding surgery
during which IOUS was performed. The time elapsed
between the preoperative imaging and surgery in this
study ranged from 10 to 28 days with a median of 22
days and a mean of 20.93±4.72 days.

Six (20%) of the included patients were found to have
hepatic lesions by using IOUS including the four



Figure 2

Likely metastatic lesion detected by intraoperative ultrasound as a
hypo-echoic mass of about 9mm in segment VII (not detected by
preoperative computed tomography).

Figure 3

Hepatic metastasectomy of deposits discovered intraoperatively in a
case of small intestinal carcinoid.
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(13.3%) cases already detected by preoperative
imaging. The two lesions that were diagnosed
preoperatively by CT as a simple hepatic cyst and
benign hepatic lesion had the same diagnosis
reported by IOUS.

The two lesions that required further assessment by
MRI preoperatively were both found to have malignant
criteria by IOUS, thus, contradicting the interpretation
of preoperative imaging in one case.

Two (6.67%) cases were newly discovered in the
operative room by using IOUS; one case with a
single mostly malignant lesion (Fig. 2) and the other
case with multiple mostly malignant lesions. Analyzing
the data obtained showed a statistically significant
higher efficacy of IOUS in both detecting and
characterizing hepatic lesions when compared with
preoperative imaging.

By recording the time consumed by the operators for
complete hepatic scanning and characterization of
detected lesions using IOUS, the duration of IOUS
procedure did not exceed 5min in most of the cases
(70%). The time needed for complete hepatic scanning
ranged from 2 to 8min with a mean of 4.97±1.38min
and a median of 5min, obviously not affecting much
the operative time of the planned surgical procedure.

The application of IOUS in this study resulted in
change in the operative decision in three (10% of
the included patients and 50% of the cases of
detected liver lesions) out of the 30 included cases.
In one (3.33%) of those cases, extension of surgery was
done to include hepatic metastasectomy for hepatic
deposits in a case of small intestinal carcinoid tumor
(Fig. 3). In the other two (6.67%) cases, limitation of
surgery was done by performing gastrojejunostomy in a
case of cancer stomach (that was planned for distal
gastrectomy) and another of cancer pancreas (that was
planned forWhipple’s operation) after proved presence
of hepatic deposits as both patients had some degree of
gastric outlet obstruction.
Discussion
Although there was a historical decrease in rates of
adopting IOUS between decades in the evaluation of
hepatic metastasis, the results reported in most of the
published literature confirm that the impact of IOUS
has plateaued over the last decade despite further
advances in preoperative imaging. With the current
rates of change in surgical strategy, it appears that
modern preoperative imaging alone does not
preclude the use of IOUS and that combining
preoperative imaging together with IOUS can give
the best results in detecting hepatic deposits [6,7].

IOUS is considered by the literature to be the imaging
exploration with the highest resolution in the
examination of the liver. It allows for a very good
characterization of focal liver lesions, with both
sensitivity and specificity values of more than 90% [8].



Table 1 Percentage of change in planned surgical strategy
according to intraoperative ultrasound

References %

This study 10

Damian et al. [11] 12.3

Cirimbei et al. [12] 12.28

Jrearz et al. [4] 17

D’Hondt et al. [6] 16.5

D’Onofrio et al. [14] 7

Figueras et al. [15] 11
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The purpose of this study as previously discussed was to
determine the diagnostic performance of IOUS in the
detection of hepatic lesions, malignant or benign, in
patients with abdominal tumors independent of their
primary site with its impact on changing the planned
surgical strategy.

All the included patients had preoperative CT, whereas
two (6.7%) patients had additional MRI. IOUS was
done for all the patients with a mean of 20.93±4.72 days
(from10 to 28 days) from their last preoperative imaging
which is not far from the interval reported by Yang et al.
[9] who reported that the utility of the preoperative CT
to evaluate colorectal liver metastasis was inversely
proportional to the time interval between imaging and
surgery. Their model predicted that in order to achieve a
sensitivity ofmore than90%,CThad tobeperformedno
more than26daysbefore thesurgery.AlsoWagnetz et al.
[3] stated that studies performed within 6 weeks of
surgery can judge well the sensitivity of IOUS.

Of the 30 patients included in our study, six (20%)
patients by IOUS had focal hepatic lesions; in four
(66.7%) patients the lesions were classified as
malignant and in two (33.3%) patients the lesions
were classified as benign. Zacherl et al. [10] reported
a frequency of benign liver lesions of 10–30% which is
not far from the frequency of this study, whereas
Damian et al. [11] reported that benign liver lesions
constituted 43.8% of their detected lesions.

It is worth mentioning that two (6.66% of included
patients) of the four lesions were classified as
malignant in this study were discovered only
intraoperatively by the application of IOUS besides
one (3.33%) lesion that had been misinterpreted
preoperatively by being benign.

These results were not far from the results reported by
D’Hondt et al. [6] where IOUS detected lesions not
found on preoperative investigation in 11.2% of the
patients. Ciriembei et al. [12] stated that IOUS
detected new hepatic lesions in 22.91% of the cases.
Zacherl et al. [10] also reported that IOUS was found
to provide new treatment-relevant information on
hepatic metastases in 29.5% of the cases. Luck and
Maddern [13] stated that IOUS determines new
hepatic lesions in various percentages, depending on
the complexity of preoperative investigations, type and
dimensions of the lesion, these percentages varying
between 5 and 30% of the cases.

Like most of the published studies, in our series IOUS
findings of focal hepatic lesions lead to the change in
the operative strategy in three (10%) cases as discussed
earlier (Table 1) [4,6,11,12,14,15].

Despite their increasing rates of preoperative detection
of liver lesions, preoperative imaging studies cannot
compensate for the dynamic intraoperative mapping
offered by IOUS that allows a precise parenchymal
transaction thus improving the safety of liver surgery
and the margin status. IOUS not only helps the
surgeon to understand the three-dimensional
relationship between the liver vasculature and tumor
but also improves the patient outcome by defining
adequate margins of resection [16–18].

By analyzing the data retrieved in this study and as
previously displayed, although improved preoperative
imaging has lessened the need for IOUS, our study
confirms that this approach still offers excellent
accuracy in the detection and characterization of
focal liver lesions.

Nevertheless, the study clearly demonstrated that the
use of IOUS is still recommended not only to confirm
the results found on preoperative imaging, but also to
provide additional information to the surgeon which
could change the surgical strategy intraoperatively.
Limitation
The small number of the included patients, the absence
of histopathological analysis of liver deposits as well as
the nonblindness of the radiologists and surgeons
performing IOUS in our series to the results of the
preoperative imaging modalities are considered as
limitations of this study. So, further studies with
larger number of patients, which include
histopathological interpretation of the detected liver
lesions, are needed for formal testing of the results
reported in this study.
Conclusion
This study has proved that IOUS demonstrates
superior lesion detection over the various
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noninvasive preoperative imaging modalities causing a
significant impact on change of the planned surgical
strategy.
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