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Abstract. Background/Aim: Detection of hepatocellular
carcinoma using intraoperative ultrasonography (IOUS) is
indispensable for successful laparoscopic hepatectomy (LH).
This study was performed to evaluate patients with
intraoperatively unidentified tumours undergoing LH. Patients
and Methods: Seven patients who underwent LH for
hepatocellular carcinoma and whose tumours were not detected
using 10US were included in this study. Clinical features,
preoperative imaging, intraoperative imaging, surgical
procedures, and pathological findings were evaluated. Results:
Using gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging, all the tumours
were enhanced in the arterial phase and rapidly washed out,
becoming hypointense to the remainder of the liver. All tumours
except one were <2 cm in size. Severe liver fibrosis was observed
in all cases. Tumours that were invisible on preoperative
ultrasonography also could not be detected using IOUS or
indocyanine green fluorescence imaging. Five patients
underwent hepatectomy based on anatomical landmarks and
achieved curative resection, whereas curative resection failed in
two patients. Conclusion: When tumours cannot be identified by
10US, LH based on anatomical landmarks should be preferred.
Importantly, invisible tumours on preoperative ultrasonography
may not be identified intraoperatively during LH.

Laparoscopic hepatectomy (LH) has recently been recognized as
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a treatment option for hepatocellular carcinoma (HCC) by
advances in instruments and surgical techniques (1). Preoperative
and intraoperative identification of the tumour is important for
patients undergoing LH. Dynamic computed tomography (CT)
and gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging (Gd-EOB-MRI) are
widely used for preoperative assessment of HCC (2), while
intraoperative ultrasonography (IOUS) of the liver is a
mandatory step for detecting tumours (3).

Although laparoscopic IOUS is as reliable as open IOUS
in detecting liver tumours and planning liver resection (4),
the nodularity of chronic liver disease and adhesions make
the localization and identification of tumours difficult using
laparoscopic IOUS. We sometimes encounter cases in which
tumours are not detected intraoperatively.

This study was performed to evaluate patients who
underwent LH for invisible HCC and establish effective
strategies for performing curative LH in these patients.

Patients and Methods

Patients. From July 2017 to April 2021, 75 patients underwent LH
for HCC at The Jikei University Hospital, Tokyo, Japan. Of these,
seven patients with intraoperative invisible hepatic tumours were
included in the study. We retrospectively reviewed a prospectively
maintained patient database. The following patient information
was obtained from the prospective database: sex, age, serum a-
foetoprotein level, serum des-gamma-carboxy prothrombin level,
diagnosis of underlying chronic liver disease, details of surgical
procedure, and pathological findings. The laboratory
measurements were routinely obtained immediately before surgery.
This research was approved by the institutional ethics committee
of The Jikei University School of Medicine (27-177(8062)) and
conformed to the provisions of the Declaration of Helsinki.
Continuous variables are expressed as meanztstandard deviation.

Preoperative evaluation of tumours. All patients routinely underwent
preoperative ultrasonography (POUS) (Aplio 300; CANON Medical
Systems Corporation, Tochigi, Japan) as well as multiphase contrast-
enhanced CT scans and Gd-EOB-MRI unless they had allergies to
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contrast media or severe renal failure. A skilled medical laboratory
technician and a surgeon performed POUS to confirm the tumour
location and its relationship with the adjacent hepatic vasculature.
Dynamic CT imaging was performed using a 64-slice multidetector
row CT scanner (SOMATOM Definition AS+; Siemens Healthineers,
Erlangen, Germany) after administration of a rapid bolus injection
of iodinated contrast agent at a rate of 2.5 to 4.0 ml/s using a power
injector. We obtained the arterial, portal, and venous phases at 30,
60, and 180 s, respectively. The slice thickness was 1 mm, and the
reconstruction interval was 5 mm.

All hepatic MRI scans were performed on a 3T MRI scanner
(MAGNETOM Skyra; Siemens Healthineers). For Gd-EOB-MRI,
the recommended full dose of gadoxetic acid (EOB Primovist;
Bayer HealthCare, Osaka, Japan) based on body weight (0.1
ml/kg) was intravenously injected. A multiphase dynamic study
including the arterial, portal, and late phases was carried out. T1-
weighted turbo field-echo sequences were acquired in the
hepatobiliary phase, 10 to 15 min after the injection of gadoxetic
acid. The depth of the tumour from the liver surface was measured
in the hepatobiliary phase. Preoperative dynamic CT and Gd-EOB-
MRI were performed within 1 month before surgery and
retrospectively reviewed by two surgeons (M.T. and S.O.) and two
radiologists specializing in HCC.

Surgical procedure. For lesions located in the posterior segment,
patients were placed in the semi-left lateral position, whereas for
lesions located at sites other than the posterior segment, patients
were placed in the supine position. The first port was inserted using
an open method. After establishment of pneumoperitoneum, the
abdominal cavity was deftly observed using a flexible laparoscope.
If intraperitoneal adhesions obscured the operative field, the
adhesions were carefully dissected using a vessel-sealing device
(LigaSure™ Maryland Jaw device; Medtronic Inc., Dublin, Ireland).
Five ports were inserted under direct vision depending on the
location of the tumour. An additional 5-mm intercostal transthoracic
balloon port (Kii Balloon Access Systems™ ; Applied Medical Inc.,
Rancho Santa Margarita, CA, USA) was inserted as necessary.
I0US (Aplio 300; CANON Medical Systems Corporation, Tochigi,
Japan) was routinely performed to confirm the tumour location and
its relationship with the adjacent hepatic vasculature. Intraoperative
indocyanine green (ICG) fluorescence imaging (VISERA ELITE II;
Olympus, Tokyo, Japan) was routinely performed to detect hepatic
tumours. In this technique, ICG (0.5 mg/kg body weight) was
administered intravenously 1 or 2 days before surgery. The Pringle
manoeuvre was performed, in which cycles of 15 minutes of
clamping were alternated with 5 minutes of reperfusion. The hepatic
parenchyma was divided using a cavitron ultrasonic surgical
aspirator (CUSA; Integra LifeSciences Inc., Princeton, NJ, USA),
and each of the encountered vessels was divided using clips and
vessel-sealing devices. The resected specimen was retrieved using
a reinforced laparoscopic retrieval bag.

Results

The patients’ clinicopathological characteristics are shown in
Table I. The mean age of the seven patients was 65.4+6.2
years. The mean diameter of the tumours was 14+5 mm. The
locations of the tumours were segment 2 (n=3), segment 4
(n=1), segment 5 (n=1), segment 6 (n=1), and segment 7 (n=1).
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The surgical procedures included segmentectomy (n=2) and
partial resection (n=4). Repeat hepatectomy was performed in
four patients. The pathological diagnoses were HCC (n=4), a
dysplastic nodule (n=1), and none of the tumour (n=1).

On Gd-EOB-MRI, all the tumours were enhanced in the
arterial phase and rapidly washed out, becoming hypointense
to the remainder of the liver (Table II). Only one tumour was
detected using POUS, and the invisible tumours on POUS
could not be detected using IOUS. No tumour was detected
using ICG fluorescence this reflected the
progression of liver fibrosis.

Hepatectomies based on anatomical landmarks were
performed except in one patient who did not undergo
hepatectomy. One patient underwent failed curative resection
because of misidentification of the anatomical landmark
(Patient #4).

Patient #1 was a 61-year-old man with a history of repeat
transcatheter arterial chemoembolization for HCC who
developed recurrent HCC in segments 1 and 4 (Figure 1A). On
Gd-EOB-MRI, the tumour in segment 4 was enhanced in the
arterial phase and rapidly washed out, becoming hypointense
to the remainder of the liver (Figure 1B). The tumour in
segment 4 was not detected by either POUS or IOUS. Because
it was invisible on normal light and ICG fluorescence imaging
(Figure 1C and D), we performed laparoscopic partial
hepatectomy for HCC in only segment 1. We planned to
carefully follow up the untreated tumour in segment 4.

Patient #5 was a 59-year-old man with a history of open
right lobectomy for HCC who developed recurrent HCC in
segment 2. On dynamic CT, the tumour was vividly enhanced
during the late arterial phase and then washed out rapidly
(Figure 2A). On Gd-EOB-MRI, it was also enhanced in the
arterial phase and rapidly washed out, becoming hypointense
to the remainder of the liver (Figure 2B). It was not detected
using POUS. The tumour was invisible on both IOUS and
ICG fluorescence imaging, and we performed G2-oriented
partial hepatectomy (as for Patient #4). Postoperative CT
revealed that G2 had been misrecognized as G3 (Figure 2C).
Therefore, we performed subsegmentectomy of segment 2,
and curative resection was achieved 5 months after the first
repeat hepatectomy (Figure 2D).

The other patients underwent hepatectomy based on
anatomical landmarks: hepatectomy along the cut surface of
previous right lobectomy (Patient #2), G3-oriented partial
hepatectomy (Patient #3), subsegmentectomy of segment 2
(Patient #4), and hepatectomy along with a nodule on the
surface of the liver.

imaging;

Discussion

In the present study, tumours that were invisible on POUS
could not be detected using IOUS during LH for HCC, and
no tumour was detected using ICG fluorescence imaging.
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Table 1. Patient clinicopathological characteristics.

Case Age Gender Preoperative evaluation of tumor Laparoscopic Pathological findings Underlying liver
years hepatectomy
Location Maximum Depth from Repeat Diagnosis Differentiation Chronic New
size liver surface hepatectomy liver Inuyama
mm mm disease classification
#1 63 M S4 11 0 No No resection HCV F3
#2 69 F S5 12 25 Yes Partial HCC Well HCV F4
#3 63 M S7 24 24 No Partial HCC Well NASH F3
#4 59 M S2 15 0 Yes Partial None ALD F3
#5 59 M S2 10 0 Yes Segmentectomy DN ALD F3
#6 68 M S2 11 16.4 Yes Segmentectomy HCC Well NASH F3
#1 76 F S6 14 0 No Partial HCC Well HCV F4

ALD: Alcoholic liver disease; DN: dysplastic nodule; F: female; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; M: male; NASH: non-

alcoholic steatohepatitis; S: segment.

Table II. Tumour identification using each modality.

Case Classical HCC Positive on Early Wash-out on Detectable Detectable Positive on Curative

on dynamic CT ~ DWI MRI enhancement hepatobiliary on on intraoperative resection

on phase of preoperative  intraoperative  ICG-fluorescence
EOB-MRI EOB-MRI usS UsS imaging

#1 Yes Yes Yes No No No No
#2 Yes Yes Yes Yes No No No Yes
#3 Yes Yes Yes Yes No No No Yes
#4 Yes No Yes Yes No No No No
#5 Yes No Yes Yes No No No Yes
#6 Yes Yes Yes Yes Yes No No Yes
#7 No Yes Yes No No No Yes

CT: Computed tomography; DWI: diffusion-weighted imaging; Gd-EOB: gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced;
HCC: hepatocellular carcinoma; ICG: indocyanine green; MRI: magnetic resonance imaging; US: ultrasonography.

Hepatectomy based on anatomical landmarks was feasible for
patients whose tumours were not detected intraoperatively.
We believe that there are three main reasons why tumours
cannot be identified intraoperatively: tumour-related factors,
underlying liver conditions, and technical factors. Tumour-
related factors include the size, location, and differentiation
of the tumours. In all but one patient in the present study, the
size of the tumours was <2 cm. Previous studies have shown
that small HCCs of <2 c¢m are often poorly visible using
ultrasonography (5, 6). In addition, differentiation from
cirrhotic nodules on the liver surface remains difficult with
IOUS because of focal length mismatch (7). Underlying liver
conditions include liver fibrosis and anatomical alteration of
the liver caused by regeneration due to cirrhosis or previous
hepatectomy. Liver fibrosis was severe in all cases. With
respect to technical factors, laparoscopic IOUS is a reliable
tool similar to open IOUS, and technical factors depend on

the operability of laparoscopic IOUS (8). In particular,
during repeat LH, IOUS is difficult because of loss of
anatomical landmarks and anatomical alterations of the liver
caused by regeneration after the previous hepatectomy. Four
(57%) patients who underwent repeat LH were enrolled in
this study. The tumours that were not detected on POUS
remained undetected on IOUS. Intraoperative fluorescence
imaging following preoperative intravenous injection of ICG
is an adjunct to IOUS (9). Well-differentiated HCCs are
detected as uniformly and highly fluorescing lesions (10).
However, ICG fluorescence imaging can detect tumours that
are located only up to 8 mm from the hepatic surface
because of the limitation of tissue penetration of fluorescence
signals (11). In addition, because ICG fluorescence imaging
reveals fluorescence in regenerative nodules as well as
HCCs, identification of the target tumour becomes difficult
under the cirrhosis milieu (12). Despite this limitation in
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D [ Coronary ligament

Figure 1. Imaging and intraoperative findings of Patient #1. (A) Tumours located in segment 1 (arrow) and 4 (arrowhead) on three-dimensional
reconstruction. (B) Hepatic phase in axial gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging.
During the operation, the tumour in segment 4 was not detected using (C) laparoscopic observation or(D) indocyanine green fluorescence imaging.

Figure 2. Imaging findings of Patient #5. (A) Tumour located in segment 2 on three-dimensional reconstruction. (B) Hepatic phase in gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging (white arrowhead). (C) The Glissonean branch of segment
2-oriented partial hepatectomy and postoperative dynamic computed tomography revealed that the Glissonean branch of segment 2 was
misrecognized as the Glissonean branch of segment 3. (D) Segment 2 segmentectomy was performed and postoperative dynamic computed
tomography showed curative resection. G2: Glissonean branch of segment 2; LHV: left hepatic vein.
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detecting deeply located cancers, however, intraoperative
ICG fluorescence imaging is still useful because it not only
aids visual inspections but also compensates for drawbacks
in IOUS when observing small lesions located immediately
beneath the liver surface.

All tumours in the present study were enhanced in the
arterial phase and rapidly washed out in the venous phase
during dynamic CT and Gd-EOB-MRI, which is consistent
with the features of classical HCC. Indeed, four of six tumours
were HCCs, and all of these were well-differentiated HCCs.
However, even tumours on the surface were not detected using
normal light and ICG fluorescence imaging.

Hepatectomy for non-hypervascular nodules does not
improve the prognosis, and such patients should be carefully
followed up (13); however, all the tumours in our study were
hyper-vascular HCCs. Therefore, a new method is needed for
resection of these invisible tumours. We usually perform LH
for invisible tumours based on anatomical landmarks
including the hepatic vein, Glissonean pedicle, and cut surface
of the previous hepatectomy. According to our previous study
(14), tumours in segment 3 can be clearly detected using
I0OUS, whereas tumours in segment 2 are difficult to detect
using IOUS. Thus, invisible tumours in segment 2 are a good
indication for anatomical resection, including segmentectomy
or left lateral sectionectomy. Notably, however, landmarks can
be misidentified. In several institutions, the CT-guided
hookwire marking technique (15) and three-dimensional
printing (16) are currently applied to localize tumours.

Several limitations must be considered when interpreting
the present findings. The study was conducted in a single
institution with a small sample size. In addition, the IOUS
techniques varied among the surgeons. Our findings should
be confirmed in larger prospective studies or even a multi-
institutional retrospective study.

In conclusion, we have herein presented a case series of
LH for intraoperative invisible tumours. Small tumours in
the cirrhosis milieu are poorly visible using IOUS and ICG
fluorescence imaging. It is important to note that invisible
tumours using POUS may not be identified intraoperatively
during LH. For invisible tumours on IOUS, LH based on
anatomical landmarks should be preferred.
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