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Introduction: Associated liver partition and portal vein ligation for staged hepatectomy (ALPPS) is complicated by
bile leakage or liver failure, especially in patients with hepatocellular carcinoma (HCC). Precise surgical per-
formance supported by high quality intraoperative surgical visualization is essential to prevent mortality.
Therefore, we aimed to investigate, for the first time, the effects of introducing a surgical microscope
(ORBEYE™) intraoperatively during a stage I ALPPS.

Presentation of case: The patient was a 77-year-old male patient with a 9-cm right hepatic lobe HCC. 4K-3D
surgical microscope-assisted ALPPS was performed to manage the insufficient future liver remnant following
right lobectomy. Hilar dissection was performed first; thereafter, the right portal vein was ligated, and the right
hepatic artery and right hepatic vein were encircled by surgical tape. The parenchyma was split along the
ischemic demarcation line with indocyanine green (ICG) fluorescence navigation using the microscope. The
remnant liver volume and function increased without postoperative complications.

Discussion: Laparoscopic approach for ALPPS benefits from enhanced intraoperative visualization in a deep,
narrow operative field. However, a laparoscopic procedure requires an experienced learning curve and a longer
operation time, whereas using the 4 K 3D digital microscope requires no technical demand. Secondly, it provided
an excellent operative view during ALPPS.

Conclusions: To our knowledge, this is the first report on the intraoperative application of the ORBEYE™ surgical
microscope in hepatic surgery with 4K3D imaging and ICG-fluorescence navigation, which minimized the
invasiveness of ALPPS and ensured high safety and precision.

1. Introduction technique that enhances future liver remnant hypertrophy. The tech-

nique has demonstrated the ability to resect tumors 4-6 weeks earlier

Liver malignancies are usually best treated by anatomical resections
to ensure long-term survival [1,2]; to assure this, surgeons aim at per-
forming RO resections even when patients have locally advanced hepatic
tumors. However, RO resections may leave an insufficient future liver
remnant, which can develop post-hepatectomy liver failure (PHLF) [3].
Although insufficient future liver remnant has been conventionally
treated by portal vein embolization (PVE) [4] to increase the future liver
volume and function, it takes over 4-8 weeks to gain adequate future
liver remnant hypertrophy while the tumor growth may continue.

Associated liver partition and portal vein ligation for staged hepa-
tectomy (ALPPS) emerged in 2012 [5] as an advanced surgical
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than PVE [6]. However, ALPPS is complicated by bile leakage and PHLF.
Moreover, in previous reports on patients with hepatocellular carcinoma
(HCC), significantly less future liver remnant growth and >90-day
mortality were achieved after performing stage I ALPPS [7]. Therefore,
surgical success of the stage I procedure is essential to prevent mortality
in HCC patients.

A newly developed 4K-3D video microscopy system, which has been
introduced as an alternative to the surgical loupe or conventional mi-
croscope in the microsurgery field, is able to improve surgical perfor-
mance by providing excellent image quality and reducing physical
discomfort [8,9]. Recently, it has been introduced to general surgery
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field [10], considering its superior ergonomic, imaging, and educational
aspects. However, the application of 4K-3D video microscope systems in
hepatectomies and/or ALPPS has not been presented yet. Therefore, we
investigated the effectiveness of performing stage I ALPPS with intra-
operative surgical visualization using a digital video microscope to
maximize the technical safety and surgical performance. This work is
reported by following the surgical case report (SCARE) guidelines [11].

2. Presentation of case

A 77-year-old man with a medical history of diabetes, arterioscle-
rosis obliterans, and alcohol consumption (three bottles of beer per day)
was referred to our institution for a hepatic tumor by family physician.
Laboratory evaluation detected abnormally high serum protein induced
by vitamin K absence-II (PIVKA-II: 52200 MAU/ml), while other tumor
markers, including alpha-fetoprotein (8 ng/ml), had no abnormalities.
Hepatitis B surface antigen and hepatitis C antibody levels were normal.
Computed tomography and gadoxetic acid-enhanced magnetic reso-
nance imaging detected a 9-cm sized HCC in the right hepatic lobe
[Fig. 1]. Although the patient had a Child-Pugh Score of 5, his ICG-R15
was 18%, which is insufficient for right hepatectomy according to
Makuuchi's criteria [12]. The future liver remnant volume was 320 ml,
whose function was evaluated with an estimated galactosyl human
serum albumin (GSA) index [13] wusing technetium-99 m
diethylenetriamine-penta-acetic acid-GSA (99mTc-GSA) scintigraphy.
His left GSA index was 0.36, which was below the cut-off value of 0.38
for predicting PHLF [14]. Therefore, we planned to perform ALPPS for
the right lobectomy (see Video 1).

With the patient in a left hemi-lateral position, we performed a J-
shaped incision. The surgical microscope (ORBEYE™, Olympus Co.,
Ltd., Tokyo, Japan) was set over the operative field and a 55-inch 4K3D
monitor was placed in front of the whole operating system [Fig. 2]. After
mobilizing the right hepatic lobe, the right hepatic vein was wound with
surgical tape. Indocyanine green (ICG) dye was injected preoperatively,
which enabled tumor identification by fluorescence imaging [Fig. 3].
Then, we separated the right hepatic artery and the right portal vein and
applied non-absorbable sutures on both these vessels. The right portal
vein was then ligated, but not divided; the right hepatic artery was
temporarily clamped, and 2.5 mg of ICG was administrated via the pe-
ripheral vein. With ICG-fluorescence imaging navigation, we identified
the ischemic demarcation line 40 s after the ICG injection [Fig. 3]. By
ensuring no tumor exposure, which was enhanced, we performed the
partial parenchymal split until the surface of the middle hepatic vein
was exposed [Fig. 4]. The stage I operation lasted 285 min, and there
was 150 ml intraoperative bleeding.

Future liver remnant volume increased from 320 ml to 502 ml; the
left GSA index improved from 0.36 to 0.57 on postoperative day (POD)
14. This indicates the shift in hepatic function from the right hepatic
lobe to the left hepatic lobe, as well as enlargement of the left hepatic
lobe [14,15]. Subsequently, a stage II operation was performed on POD
17 without any postoperative complications. The pathological specimen
showed moderately differentiated HCC with a negative tumor margin.

3. Discussion

We report from our experience with this patient that 4K3D-micro-
scopy and ICG-fluorescence navigation enabled a safe, precise ALPPS
stage I procedure. Although ALPPS can be performed by open, laparo-
scopic, and robotic procedures, only a limited number of reports exist,
with a considerable level of selection biases when comparing those ap-
proaches. When compared with the conventional open hepatic lobec-
tomy, laparoscopic hepatic lobectomy showed perioperative
advantages, including fewer complications and shorter hospitalization
[16] because of the enhanced intraoperative visualization in a deep,
narrow operative field, such as for mobilization of the right lobe. As
laparoscopic hepatic lobectomy requires an experienced learning curve
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Fig. 1. Hepatobiliary phase of

gadolinium
diethylenetriaminepentaacetic acid-enhanced magnetic resonance imaging. A
9-cm sized hepatocellular carcinoma in the right lobe of the liver was detected.

ethoxybenzyl-

and a longer operation time, we preferred to perform an open 4K3D-im-
aging assisted hepatectomy with ORBEYE™, which provided excellent
visualization, thus overcoming the challenges of laparoscopy. There is
no skill required to use this surgical microscope and we need neither
certification nor training. Surgeons could perform this video microscope
assisted surgery as an extension of open surgery. Neither a certification
nor training for ORBEYE™ is needed. This device enabled quick
magnification change from 1x to 26x and 4K3D imaging, which
improved the surgical performance [17]. This excellent camera view
was stabilized by the flexible semi-robotic arm and easily controlled
through the foot pedal. Moreover, the large 55-inch monitor enabled the
entire operating team, including the anesthesiologist, nurses, and resi-
dents, to simultaneously view the 4K3D images [Fig. 2], which improved
the surgical efficiency and education [8]. In our case, all surgical team
members could observe the pinhole defect of the middle hepatic vein;
hence, we repaired it immediately [Fig. 4].

Another advantage of this 4K3D surgical microscope is that it equips
the ICG-fluorescence imaging system for ALPPS, which enables the
highly sensitive identification of cancers [ 18] and specific liver segments
[19]. HCC fluoresces because it retains the preoperatively injected ICG
from the liver function test because of biliary excretion disorders in the
cancerous tissues. As the interval required between the ICG injection
and operation ranged from 1 to 7 days in patients with HCC, we per-
formed the ICG test 4 days before surgery and obtained sufficient fluo-
rescence of the tumor. For identifying liver segments, ICG should be
administered after clamping vessels connected to the segment to obtain
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Fig. 2. The intraoperative setup of the surgical microscope system (ORBEYE™). The surgical microscope was placed over the operative field with a 55-inch 4K3D
monitor in front of the surgical team. The large 55-inch monitor enabled the operating team to view the 4K3D images simultaneously.

\
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>

Fig. 3. Indocyanine green fluorescence imaging-guided lobectomy using the
surgical microscope system. The dotted line indicates the margin of the hepa-
tocellular carcinoma. The arrows point to the ischemic demarcation line of the
right lobe.

better signal-to-background contrast. A recent study demonstrated
lower blood transfusion and postoperative complication rates, and
higher negative margin rates in patients undergoing ICG-fluorescence
guided right hemi-hepatectomy [19]. In our case, the tumor was not
exposed, and no postoperative bile leakage occurred.

While ORBEYE™ has invented for reducing operator's workload in
microsurgery, it has reported that residents who participated in neuro-
surgery with the microscope judged that eyestrain was strong [20]. For
operative members who doesn't get used to viewing 3D imaging, the
glasses which convert 3D images to 2D images are available. The high
initial cost of this surgical microscope ($412,000, including the camera,
scope holder, and 4K3D monitors) can limit its applicability. However,
considering its multiple advantages, the system and its costs can be
shared with other departments, e.g., neurosurgery and plastic surgery.
In addition, once the microscope system is introduced, just a drape for

Operator’s finger

Fig. 4. The exposed middle hepatic vein with microscopic imaging. The
pinhole bleeding from the vein was repaired.

the semi-robotic arm will be an operating cost.

Because only one surgical case was presented without a learning
curve, this was a major limitation of this case report. More application
experience with this surgical microscope would contribute to a notice-
able improvement in surgical results, especially in the operation time.

4. Conclusions

To our knowledge, this is the first report on using a surgical micro-
scope in hepatectomy, demonstrating that the ORBEYE™ 4K3D micro-
scopy system can provide 4K3D images and ICG-fluorescence
navigation. The application of this surgical microscopy system can
enhance the safety and precision of surgery and minimize the inva-
siveness of ALPPS.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ijscr.2021.106195.
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Abbreviations

ALPPS  associated liver partition and portal vein ligation for staged
hepatectomy

HCC hepatocellular carcinoma

ICG indocyanine green

PHLF post-hepatectomy liver failure

PIVKA-II protein induced by vitamin K absence-II

POD postoperative day

PVE portal vein embolization

99mTc-GSA technetium-99m diethylenetriamine-penta-acetic acid-
galactosyl human serum albumin

Ethical approval

The need for ethical approval for this report was waived by the Ethics
Committee of the by our institution.

Funding

No grant support or funding was received for this case report.
CRediT authorship contribution statement

K.D. prepared the original draft. M.K. reviewed and edited this
report. M.K., T.W., and H.K. performed the operation. T.Y. and Y.I
contributed to perioperative management and data collection. All au-
thors have read and agreed to the published version of the manuscript.
Guarantor

Kenta Doden, corresponding author of this article
Research registration number

Not applicable.
Consent

The subject gave informed consent, and patient anonymity was
preserved. A copy of the written consent is available for review by the
Editor-in-Chief of this journal on request.

Availability of data and materials

The datasets supporting the conclusions of this article are included
within the article.

Declaration of competing interest
The authors have no competing interests to disclose.
Acknowledgments

The authors are indebted to Dr. Ichiro Tani and Dr. Atsushi Hiroishi

International Journal of Surgery Case Reports 85 (2021) 106195

of the Department of Radiology of Yokohama Sakae Kyosai Hospital for
their radiological evaluation. We would like to thank Editage (www.ed
itage.com) for manuscript editing.

References

[1] K. Hasegawa, N. Kokudo, H. Imamura, et al., Prognostic impact of anatomic
resection for hepatocellular carcinoma, Ann. Surg. 242 (2) (2005) 252-259.

[2] S. Agrawal, J. Belghiti, Oncologic resection for malignant tumors of the liver, Ann.
Surg. 253 (4) (2011) 656-665.

[3] Y. Kishi, E.K. Abdalla, Y.S. Chun, et al., Three hundred and one consecutive
extended right hepatectomies: evaluation of outcome based on systematic liver
volumetry, Ann. Surg. 250 (4) (2009) 540-548.

[4] T. Aoki, K. Kubota, Preoperative portal vein embolization for hepatocellular
carcinoma: consensus and controversy, World J. Hepatol. 8 (9) (2016) 439-445.

[5] A.A. Schnitzbauer, S.A. Lang, H. Goessmann, et al., Right portal vein ligation
combined with in situ splitting induces rapid left lateral liver lobe hypertrophy
enabling 2-staged extended right hepatic resection in small-for-size settings, Ann.
Surg. 255 (3) (2012) 405-414.

[6] J. Shindoh, J.N. Vauthey, G. Zimmitti, et al., Analysis of the efficacy of portal vein
embolization for patients with extensive liver malignancy and very low future liver
remnant volume, including a comparison with the associating liver partition with
portal vein ligation for staged hepatectomy approach, J. Am. Coll. Surg. 217 (7)
(2013) 126-133.

[7] J.G. D’Haese, J. Neumann, M. Weniger, et al., Should ALPPS be used for liver
resection in intermediate-stage HCC? Ann. Surg. Oncol. 23 (4) (2016) 1335-1343.

[8] F.I. Ahmad, A.F. Mericli, M.V. DeFazio, et al., Application of the ORBEYE three-
dimensional exoscope for microsurgical procedures, Microsurgery 40 (4) (2020)
468-472.

[9] S. Yagi, T. Ito, H. Shirai, et al., Micro-and macro-borderless surgery using a newly
developed high-resolution (4K) three-dimensional video system, PLoS One. 16 (5)
(2021) 1-14.

[10] F. Corcione, V. Silvestri, G. Merola, et al., Use of the ORBEYETM exoscope in
general surgery: the advent of video-assisted open surgery, Surg. Innov. 28 (1)
(2021) 79-84.

[11] R.A. Agha, T. Franchi, C. Sohrabi, The SCARE 2020 guideline: updating consensus
Surgical CAse REport (SCARE) guidelines, Int. J. Surg. 84 (2020) 226-230.

[12] M. Makuuchi, T. Kosuge, T. Takayama, et al., Surgery for small liver cancers,
Semin. Surg. Oncol. 9 (4) (1993) 298-304.

[13] H. Nishikawa, Y. Osaki, H. Komekado, et al., Clinical implication of the
preoperative GSA index in 99mTc-GSA scintigraphy in hepatitis C virus-related
hepatocellular carcinoma, Oncol. Rep. 33 (3) (2015) 1071-1078.

[14] R. Yokota, H. Ishizu, Y. Kondo, Prediction of liver failure after right hepatectomy
with 99mTc-GSA SPECT scintigraphy (in Japanese), Jpn. J. Gastroenterol. Surg. 39
(4) (2006) 429-434.

[15] S. Kubo, S. Shiomi, H. Tanaka, et al., Evaluation of the effect of portal vein
embolization on liver function by 99mTc-galactosyl human serum albumin
scintigraphy, J. Surg. Res. 107 (1) (2002) 113-118.

[16] M. Kasai, F. Cipriani, B. Gayet, et al., Laparoscopic versus open major hepatectomy:
a systematic review and meta-analysis of individual patient data, Surgery 163 (5)
(2018) 985-995.

[17] H. Harada, S. Kanaji, H. Hasegawa, et al., The effect on surgical skills of expert
surgeons using 3D/HD and 2D/4K resolution monitors in laparoscopic phantom
tasks, Surg. Endosc. 32 (10) (2018) 4228-4234.

[18] T. Ishizawa, N. Fukushima, J. Shibahara, et al., Real-time identification of liver
cancers by using indocyanine green fluorescent imaging, Cancer 115 (11) (2009)
2491-2504.

[19] S. Yao, L. Zhang, J. Ma, et al., Precise right hemihepatectomy for the treatment of
hepatocellular carcinoma guided by fusion ICG fluorescence imaging, J. Cancer 11
(9) (2020) 2465-2475.

[20] Y. Murai, S. Sato, K. Yui, et al., Preliminary clinical microneurosurgical experience
with the 4K3-dimensional microvideoscope (ORBEYE) system for
microneurological surgery: observation study, Oper Neurosurg. 16 (6) (2018)
707-716.


http://www.editage.com
http://www.editage.com
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246556462
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246556462
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246570590
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246570590
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246585055
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246585055
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246585055
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246598050
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246598050
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247022866
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247022866
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247022866
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247022866
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244487032
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244487032
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244487032
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244487032
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244487032
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247029451
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247029451
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247044161
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247044161
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247044161
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244501905
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244501905
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100244501905
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247049484
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247049484
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247049484
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100245333721
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100245333721
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247071008
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247071008
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247081450
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247081450
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247081450
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246504280
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246504280
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246504280
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246528185
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246528185
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246528185
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247083776
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247083776
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247083776
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247093548
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247093548
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247093548
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247103347
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247103347
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247103347
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247117575
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247117575
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100247117575
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246546021
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246546021
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246546021
http://refhub.elsevier.com/S2210-2612(21)00697-0/rf202107100246546021

	The impact of using a 4K 3D surgical microscope during associated liver partition and portal vein ligation for hepatocellul ...
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusions
	Abbreviations
	Ethical approval
	Funding
	CRediT authorship contribution statement
	Guarantor
	Research registration number
	Consent
	Availability of data and materials
	Declaration of competing interest
	Acknowledgments
	References


