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Abstract

Constitutional indocyanine green (ICG) excretory defect is rare. However, ICG excretory defect

concomitant with hepatocellular carcinoma (HCC) is extremely rare, and only six reports of

hepatectomy in patients with constitutional ICG excretory defect have been published in the

English language literature through 2020. In this study, we report a case of combined HCC and

ICG excretory defect and discuss its clinicopathological features and outcomes. The case fea-

tured a 68-year-old man who was admitted to the hospital with a diagnosis of resectable HCC.

The preoperative ICG retention rate at 15 minutes was 82.9%. Despite this finding, the Child–

Pugh assessment and hepatobiliary-specific magnetic resonance imaging (MRI) did not reveal any

abnormal findings. Therefore, we diagnosed the patient with constitutional ICG excretory defect

and performed partial hepatectomy. For patients requiring hepatectomy, the indications and

procedure for surgery should be considered. These should be based on liver function tests

such as gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced MRI.

Keywords

Indocyanine green, hepatocellular carcinoma, Gd-EOB-DTPA, hepatectomy, Child–Pugh classification,

excretory defect

Date received: 10 February 2021; accepted: 1 March 2021

1Qingdao Haici Medical Treatment Group, Oncology

Department, Qingdao, Shandong, China

2Shandong Linglong Yingcheng Hospital, Department of

General Surgery, Yentai, Shandong, China

Corresponding author:

Xuan Qiu, Department of General Surgery, Shandong

Linglong Yingcheng Hospital, No. 568 Hedong Road,

Yentai 265400, China.

Email: qiuxuan100@163.com

Journal of International Medical Research

49(4) 1–6

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211004025

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0001-9160-1757
mailto:qiuxuan100@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211004025
journals.sagepub.com/home/imr


Introduction

Indocyanine green (ICG) is a relatively
non-toxic and unstable compound. ICG
elimination serves as a diagnostic and prog-
nostic tool in two areas. First, ICG is used
for perioperative liver function monitoring
during major hepatic resection and liver
transplantation. In addition, ICG has a
role in critically ill patients in the intensive
care unit, in which it is used to predict mor-
tality and assess the severity of acute liver
failure or intra-abdominal hypertension.1–3

Numerous studies demonstrated that ICG
elimination in these patient populations can
provide diagnostic or prognostic informa-
tion to clinicians.4

Only six reports of hepatectomy in
patients with constitutional ICG excretory
defect have been published in the
English language literature through 2020
(Table 1).5–10 In this study, we report a
case of hepatocellular carcinoma (HCC)
concomitantly with ICG excretory defect
and discuss its clinicopathological features
and outcomes. The case report is reported
according to the relevant EQUATOR net-
work guideline.11

Case report

A 68-year-old non-smoking Chinese man
was referred to our hospital because of a
7-day history of focal liver lesions. He had
no drinking history. Gadolinium-enhanced
magnetic resonance imaging revealed that
the upper segment of the right anterior
lobe of the liver had a slightly longer T1
signal and a slightly longer T2 signal
shadow. Diffusion-weighted imaging
revealed a high signal with a clear bound-
ary, and the diameter was approximately
35mm. The enhanced scan disclosed an
obvious arterial phase. No enhancement
was detected in the venous or delayed
phase, and the hepatobiliary-specific
phase featured a low signal (Figure 1). T
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Surgery was planned for diagnosis and
treatment. In a preoperative ICG test, the
ICG retention rate at 15 minutes (ICG R15)
was 82.9%. The ICG plasma clearance rate
was 0.02/minutes. The patient’s total biliru-
bin level was 1.1mg/dL, and his direct
bilirubin level was 0.3mg/dL. His serum
albumin level was 4.9 g/dL and prothrom-
bin activity rate was 94.2%. The Child–
Pugh (CP) score was 5 points, which
indicated a grade of A. The surgery was
canceled, and the patient was asked to

remain in bed. The ICG test was repeated
after 2 days. The results illustrated that the
ICG plasma clearance rate was 0.02/
minutes, and ICG R15 was 84.9%.

Despite this finding, the CP assessment
and gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid (Gd-EOB-DTPA)–
enhanced MRI did not reveal any abnormal
findings, and there was no background dis-
ease. Antibodies against hepatitis C virus
and hepatitis B virus surface antigen were
negative. The levels of the serum tumor

Figure 1. Magnetic resonance imaging enhanced using the liver-specific contrast agent gadolinium revealed
high signal intensity in liver lesions (a), venous phase lesions displayed reduced enhancement (b), and
hepatobiliary-specific phase lesions exhibited low signal intensity (c).
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markers alpha-fetoprotein (AFP), carcino-
embryonic antigen, and cancer antigen 19-9
were within the normal ranges. Therefore,
we diagnosed the patient with constitution-
al ICG excretory defect and HCC and
decided to perform radical surgery.
Therefore, the patient underwent partial
hepatectomy (S8). After the operation, the
postoperative course was uneventful, and
the patient was discharged on the seventh
postoperative day. The patient remains in a
good general condition.

Postoperative pathological analysis of
the tumor led to a diagnosis of moderately
differentiated HCC (Figure 2a). The
pseudo-adenoid tumor was 4� 3.8� 3
cm3. Other features of the lesion were as
follows: vascular tumor thrombus (þ,
M1), nerve invasion (�), and chronic hepa-
titis (G1S1). The immunohistochemical
results were as follows: CD (�), CK19
(�), CK7 (�), GPC3 (partly þ), arginase-
1 focus (þ), hepatocyte (þ), increased neo-
vascularization in the tumor according to
CD34 expression, GS (þ), D2-40 (þ), and
AFP (�).

Discussion

Liver reserve function refers to the sum of
viable and functional liver parenchymal
cells, which can reflect the potentially

effective functional state of the liver.12

ICG is mainly accumulated by hepatocytes
and excreted mainly through the carrier
system via the bile duct, and it does not
enter the intestinal circulation after excre-
tion.13 In normal liver tissue, ICG can be
quickly accumulated by hepatocytes after
entering the blood, and it can exhibit fluo-
rescence after being excited by external
light. After ICG is excreted through the bil-
iary system, the fluorescence will gradually
fade. In liver tumor tissues, portal vein
uptake function is preserved, whereas the
biliary excretion function of ICG may be
impaired, leading to its accumulation.
During surgery, ICG accumulation and
fluorescence can be observed in the sur-
rounding tissues of the tumor, but the spe-
cific mechanism has not been confirmed.
These features may be related to changes
in the liver microenvironment caused by
tumor compression or tumor progression.14

The ICG clearance test is currently one of
the most widely used and accurate methods
for evaluating liver reserve function.15 ICG
R15 is important for estimating hepatic
functional reserve and the selection of the
appropriate surgical procedure before
hepatectomy.

Hepatectomy in cases of constitutional
ICG excretory defect is exceedingly rare.
Only six reports of hepatectomy in patients

Figure 2. Microscopic findings (hematoxylin–eosin staining, �200). (a) Expansion of perisinusoidal cells and
an atrophic hepatic cord in the background of liver tissue can be observed. (b) Immunohistochemical staining
(�100) illustrated that the proliferation index of Ki-67 was relatively high.
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with this defect have been reported.
Among these cases, only four patients had
HCC.6,8–10 Two other patients had cavern-
ous hemangioma and biliary cystadenocar-
cinoma, respectively.5,7 All of the patients
were Japanese. To the best of our knowl-
edge, constitutional ICG excretory defect
has only been reported in Japan. This
report marks the first identification of this
defect in another country. This disease does
not feature any clinical symptoms.
Therefore, unless ICG tests are performed
regularly, it is likely that this disease will
not be observed. Compared with the find-
ings of previous cases, this case was more
typical, and it provides a template for the
diagnosis of this disease in the future.

99mTc-galactosyl human serum albumin
(GSA) liver scintigraphy has been hypothe-
sized to be the best modality for evaluating
hepatic functional reserve.8 Aoki et al.9

reported that patients with Dubin–
Johnson syndrome and ICG excretory
defect should be analyzed via GSA scintig-
raphy to ensure the safety and success of
hepatectomy. GSA scintigraphy provided
a more accurate representation of hepatic
functional reserve in our case, which is
why Japanese doctors used it to evaluate
the predictive score. In this case, we chose
to use Gd-EOB-DTPA–enhanced MRI for
the preoperative evaluation of the patient.
After intravenous injection, Gd-EOB-
DTPA binds to albumin in blood, but this
binding is relatively weak. Therefore, the
contrast agent only remains in the blood
for a short time before being specifically
accumulated by hepatocytes.16 Gd-EOB-
DTPA, ICG, and bilirubin have roughly
the same metabolic pathways in the liver
and compete for the same carrier.17 Gd-
EOB-DTPA–enhanced MRI can be used
to assess the reserve function of the liver
and calculate the liver volume simulta-
neously. Gd-EOB-DTPA–enhanced MRI
has diagnostic utility for small HCC lesions
with a diameter of �2 cm. This modality

will have broader applicability in the early

diagnosis of small liver cancer with a diam-

eter of �1 cm in the future. The relationship

between Gd-EOB-DTPA–enhanced MRI

findings and the degree of HCC differenti-

ation has been extensively studied, and Gd-

EOB-DTPA is expected to become a poten-

tial tool for the preoperative prediction and

postoperative evaluation of HCC, which

would be beneficial for improving the

treatment of HCC.18 Therefore, Gd-

EOB-DTPA–enhanced MRI is a potential

method for the quantitative evaluation of

liver reserve function.

Conclusions

Constitutional ICG excretory defect is an

extremely rare disorder. At present, the sur-

gical indications for surgery for this condi-

tion should be comprehensively considered.

The results of liver function tests, such

as Gd-EOB-DTPA–enhanced MRI, are

important for treating this disorder.
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