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SUMMARY: Indocyanine green (ICG) test is a popular and widely implied assessment of hepatic functional reserve
(HFR) due to its safety and efficiency. However, as the application of ICG expanded, an exceedingly rare disorder,
the constitutional ICG excretory defect (CIED), gradually emerged. CIED is considered as a harmless dye excretory
defect, which features remarkable ICG plasma retention (plasma ICG 15-min retention rate is higher than 50%)
without any severe liver impairments. Previous investigations revealed that it has no particular symptoms and it is not
a contraindication of surgical treatments. The deficiency of the organic anion transporting polypeptide 1B3 is affirmed
to be the underlying cause of CIED. It is of great significance to identify this disorder from other reasons elevating
ICG-R15 and provide such patients with effective and safe treatments. The utility of *"Tc-GSA liver scintigraphy,
Child-Pugh and ALBI scores, and liver biopsy in identification and supplementary HFR assessment in CIED has been
affirmed. Moreover, other methods based on radioactive tracers, serum biomarkers and imaging examinations have
potential. Based on existing evidence, we proposed a clinical strategy that prioritizes ALBI and Child-Pugh scores,
as well as imaging examinations, such as computerized tomography and ultrasound examinations, for the initial
identification of CIED. Thereafter, ”"Tc-GSA liver scintigraphy or biopsy is used to verify CIED and assess HFR. In
conclusion, we comprehensively reviewed the characteristics, mechanisms and coping strategies of CIED, aiming to

provide updated insights of this disorder.
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1. Introduction

Hepatic functional reserve (HFR) represents the liver's
residual functional capacity to maintain physiological
demands following injury or surgical resection, primarily
determined by the quantity of viable hepatocytes and
the integrity of hepatic microstructure (/). As a critical
preoperative assessment in hepatic surgery, accurate
HFR evaluation serves dual purposes: it identifies
surgical candidates while guiding optimal surgical
strategies to achieve complete lesion resection while
minimizing postoperative complications, particularly
post hepatectomy liver failure (PHLF) (2). This balance
between radical tumor removal and preservation of
sufficient functional liver tissue underscores the essential
role of HFR assessment in modern hepatobiliary surgery.

So far, plenty of methods have been developed
to assess HFR accurately, including laboratory tests,
score systems, liver specific biomarkers, radioactive
tracers, efc. (1,3-7). Among these, indocyanine green
(ICG) is one of the most common methods due to its

safety and accuracy in preoperative HFR evaluation
(5,8). ICG was firstly introduced as a supplantation of
bromosulphophthalein (BSP) because BSP occasionally
causes severe complications. BSP is also taken up by the
liver and undergoes enterohepatic circulation, leading
to less accurate test results compared with ICG (9,10).
The most used parameter is the retention rate of ICG at
15 minutes (ICG-R15), which was first introduced by
Makuuchi et al. (11). However, in the past few decades
an intriguing category of cases was encountered, which
features extremely high blood retention rates of ICG
(ICG-R15 usually higher than 50%) with other liver
function being normal or only mildly abnormal. Such
cases were defined as constitutional ICG excretory defect
(CIED) (Figure 1) (12-14).

Following intravenous administration, ICG directly
binds to plasma proteins and is transported to hepatic
sinusoids by blood flow (/0,15). Then the ICG, existing
as an organic anion, is absorbed by organic anion
transporters over the basolateral membrane, passes
through the hepatic cell without metabolic changes
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Figure 1. Milestones of CIED research in clinical and basic aspects.

and is excreted with bile acid through canaliculi
membranes (15,16). This efficient hepatic clearance can
be disrupted by multiple pathophysiological factors,
such as architectural distortion in fibrosis/cirrhosis,
impairing sinusoidal perfusion and hepatocyte function,
hemodynamic alterations, competitive inhibition from
hyperbilirubinemia and genetic or acquired variations
in transporter expression (/5-20). These mechanisms
collectively contribute to the spectrum of observed ICG
retention abnormalities in clinical practice.

Despite its rarity, accurate identification of CIED
carries significant clinical implications, necessitating
both reliable diagnostic criteria and validated alternative
HFR assessment strategies for affected patients. Our
systematic literature review (search terms: "indocyanine
green" and "excretory defect" or "plasma retention"
in PubMed and Google Scholar), initially identified
30 relevant publications. After excluding publications
without specific cases and unavailable ones, 22 of the
most relevant publications were reviewed. In this paper,
we first reviewed the typical cases and studies of CIED
and then concluded the features. Thereafter, studies
related to the pathogenicity of CIED were thoroughly
discussed. The last part focused on the examinations with
differentiation significance and potential substitute HFR
assessments for such patients. The findings aim to guide
clinical decision-making while highlighting knowledge
gaps requiring further investigation.

2. Epidemiology and clinical manifestations

Due to the rarity of CIED, there is lack of epidemiology
investigations on large populations. Till now, all of
CIED-related publications were reported in Japan
(12,13,21-39) and China (40). Few reports of CIED in
other countries were published. This might be attributed
to the application of ICG mainly at these specific arcas
(2). Additionally, there has been no exact evidence to
demonstrate that CIED is significantly affected by age,

sex or race.

Namihisa et al. first reported 4 typical CIED cases.
Relevant basic information is listed in Table 1. The
laboratory tests and physical examinations revealed
no abnormal findings. The only abnormal results were
extremely high ICG-R15, which were all higher than
69%. The plasma ICG disappearance curve of 4 cases
revealed there was a significant delay in the initial stage,
and a step-form transitional delay in 15-25 minutes
after injection. The ICG plasma disappearance rate also
remarkably decreased, ranging from 0.017 to 0.025,
significantly lower than normal limit of 0.15 (4/). The
following analysis revealed the transfer rate of ICG from
plasma to liver was markedly decreased, with the normal
transfer rate of ICG from liver to bile and liver back to
plasma. Neither structural change nor heterogeneous
cell infiltration were observed in liver biopsies of 4
cases. Additionally, the electron-microscopy found that
there were increases of "lipofuscin-like" lysosomes
in the hepatocyte and reticulum fiber in Disse's space,
paracrystalline-like arrangement of mitochondria,
and fragmentation of rough-surfaced endoplasmic
reticulum (72). This study generally concluded the
clinical characters and ICG kinetics features of CIED.
The 2 stages delay in the plasma disappearance curve
and significantly decreased ICG clearance rate (KICG)
based on normal liver laboratory and histology tests
were suggested as features of CIED (/2). A further study
by Adachi ef al. supported previous findings. Also, the
analysis of ICG plasma protein binding pattern revealed
that there was no difference between cases and normal
people, providing more evidence suggesting that the
plasma retention of ICG was caused by limited uptake
function of hepatocytes (27). Subsequently, other similar
studies were conducted, with consistent conclusions
(22,23,25).

Moreover, Taketazu et al. reported a case of CIED
with malaria and hereditary elliptocytosis, which is
another rare congenital disorder featuring elliptical-
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Table 1. A summary of case reports of CIED

Case Age&

. R1<o .
Author Time Report ccontent number  Gender ICG-R15% Disease Ref.
Namihisa, et al. 1975  High retention of ICG test and normal 4 52F 70.5 cholecystitis (12)
retention of BSP test 32M 78.4 duodenal ulcer
28F 70.2 healthy
60M 69.4 colon carcinoma
Adachi, et al. 1976  Serum protein binding pattern in high ICG 5 28M 75.7 Gilbert's Syndrome (21)
retention patients 24M 74.1 Gilbert's Syndrome
65M 82.8 diabetes mellitus and liver
cirrhosis
37M 88.3 chronic persistent hepatitis
with fatty infiltration
19M 84.9 Lung tuberculosis
Okuda, et al. 1976  High retention of ICG test and normal results 5 22M 67.3 Gilbert's Syndrome (13)
of BSP test 34M 68.4 Gilbert's Syndrome
25M 88.2 chronic cervical lymphadenitis
35F 76.0 acute HBsAg-negative hepatitis
70M 64.0 prostate carcinoma
Taketazu, et al. 1984  CIED patients with hereditary elliptocytosis 1 28F 94.0 malaise and elliptocytosis (23)
Gotoh, et al. 1992 Hepatectomy in biliary cystadenocarcinoma 1 45F 99.8 biliary cystadenocarcinoma (24)
with CIED and Hepatitis B
Ikejima, et al. 1993 Chronic persistent hepatitis with high retention 1 5IM 70.0 HBV carrier (25)
of ICG and BSP without hyperbilirubinemia
Hanazaki, et al. 2000 Hepatectomy in cavernous hemangioma 1 47F 59.8 cavernous hemangioma (27)
patient with CIED
Yamanaka, eral. 2001 Hepatectomy in HCC patient with 1 61M 72.0 HCC with chronic HBV, HCV ~ (28)
chronic HBV, HCV and CIED
Kadono, et al. 2006 Effectiveness of " Tc-GSA in preoperative 1 78F 79.3 biliary cystadenocarcinoma (29)
evaluating patient with CIED and
choledocholithiasis, receiving hepatectomy
Maeda, et al. 2007 Hepatectomy in HCC patient with CIED 1 69F 83.5 HCC (30)
Aoki, et al. 2013 Hepatectomy in HCC patient with 1 7™M 77.1 HCC with Dubin-Johnson 31
Dubin-Johnson syndrome and CIED syndrome
Imada, et al. 2016 Association between CIED and the 1 81M 79.1 HCC (32)
expression of OATPs and NTCPs
Nakatake, et al. 2018 Hepatectomy in a case of HCC with CIED 1 83M 76.2 HCC (34)
Masuoka, et al. 2020 Effectiveness of gadoxetic acid-enhanced 3 58M 83.0 HCC with HBV (37)
MRI in CIED 70M 68.0 CRLM after right
hemicolectomy
69M 73.0 hilar cholangiocarcinoma
Liu, et al. 2021 Hepatectomy in HCC patient with 1 68M 82.9 HCC (40)
constitutional ICG excretory defect
Morikawa, et al. 2025 Laparoscopic hepatectomy using ICG 1 64M 70.0 HCC 39)

fluorescence staining in HCC patient with
CIED

Abbreviation: M, male; F, female; ICG-R15, ICG plasma retention in 15 minutes; HCC, hepatocellular carcinoma; CRLM, colorectal carcinoma

liver metastasis.
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shaped red blood cells (23,42). With the exception of
observation of basic features, this study focused on
the hereditary characteristics of CIED. The pedigree
investigation showed that the patient was born to parents
with consanguineous marriage. Including the reported
case, 9 of 12 living family members received ICG
testing, of which 6 showed markedly elevated ICG-R15
(> 78%), and 1 had a moderately elevated value (31.5%).
The familial clustering is consistent with CIED being a
congenital disorder and supports an autosomal recessive
mode of inheritance. Notably, no direct evidence
was observed to suggest that CIED corelates with
hereditary elliptocytosis (23). Additionally, extremely
high ICG retention rate was also observed in patients
with congenital hyperbilirubinemia disorders, including
Rotor's syndrome (RS) (43), Dubin-Johnson's syndrome
(D-JS) (31) and Gilbert's syndrome (GS) (/3,21).
However, the genetic interaction among these disorders
needs further investigation.

As a brief conclusion, existing evidence suggests
that the main feature of CIED is remarkably increased
ICG-R15, which is higher than 50% and mostly over
70%. The value of KICG significantly decreases. The
ICG plasma disappearance curve demonstrates two
distinctive delayed stages: the initial delay and transitional
delay in 15-25 minutes after intravenous injection. The
binding pattern of ICG to plasma proteins is normal.
The laboratory tests of liver functions are within normal
ranges or only mildly abnormal, including routine blood
and liver biochemistry tests. Additionally, there is no
evidence of significant liver impairment consistent with
elevated ICG-R15 in histological dimension.

3. Treatment and prognosis for CIED patients with
other liver diseases

Most studies noted that this disorder would not be
detected unless the patient receives an ICG test. No
particular symptoms or pathophysiological changes are
observed before and CIED was considered a harmless
excretory disorder. Therefore, except for the treatment of
primary diseases, previous reports did not provide CIED
patients with particular interventions (/2,13,21,25,26).

In the early years, CIED patients were identified
because they occasionally received ICG tests. After
the Makuuchi's criteria were established and widely
adopted, ICG test was widely applied as a credible
preoperative HFR assessment (/7,44). More CIED cases
emerged in the liver surgery area. To date, as detailed
in Table 1, 9 CIED cases receiving hepatectomy were
reported, in which 6 were HCC patients, 2 were biliary
cystadenocarcinoma, and 1 was cavernous hemangioma.
The first CIED case receiving hepatectomy was reported
by Gotoh et al. (24). The preoperative examinations
of ultrasonography (US), computerized tomography
(CT) and percutaneous cystography revealed a cystic
lesion located at the left lobe and a connection between

gallbladder and liver. Other laboratory tests were
unremarkable. But ICG testing showed a significant
retention, in which ICG-R15 was 99.8%. The findings
supported the diagnosis of biliary cystadenocarcinoma
and CIED. The left lobectomy was subsequently
conducted successfully. The histology examination
showed cystadenocarcinoma cells and normal liver
background, consistent with preoperative diagnosis.
This research first pointed out that CIED is not a
contraindication to hepatectomy (24). However, this
operation was empirically performed, without other
preoperative assessments of HFR, which is dangerous for
patients with unexplained high ICG retention.

The other 8 cases reported similar findings (Table
1). Except for one case with D-JS and conjugated
hyperbilirubinemia (3/), other potential causes of
high ICG plasma retention, such as severe cirrhosis,
intrahepatic vascular shunts, or hyperbilirubinemia were
excluded in the remaining cases that underwent surgical
treatment (24,27,28,30,32,34,39,40). The available
levels of tumor markers including alpha-fetoprotein,
protein induced by vitamin K absence or antagonist-
II, carcinoembryonic antigen, and carbohydrate antigen
19-9 were within normal ranges or moderately increased.
Repeated preoperative ICG tests all demonstrated
similar significant delay. Various alternative preoperative
assessments were implied. Seven of these cases
employed “"Tc-galactosyl human serum albumin liver
scintigraphy (*"Tc-GSA) as a supplementary assessment
for HFR (27-29,31,32,34,39). One of them implied
enhanced CT and magnetic resonance imaging (MRI) as
supplementary assessments (30) and one case implied
liver biopsy preoperatively (28). None of the methods
detected signs of severe liver impairment correlating with
the markedly elevated ICG-R15 values. Among these
methods, " Tc-GSA liver scintigraphy was recognized
as the most valuable for assessing unexplained high
ICG-R15 (27-29,31,32, 34,35,39). The radioactive
concentration distribution and quantitative parameters
could provide viable evaluations of HFR (35).

It is worth noting that only one recent case by
Morikawa et al. was performed using laparoscopy. The
preoperative situation was similar to previous cases,
indicating CIED. With normal liver function and **"Tc-
GSA liver scintigraphy results, the patient successfully
underwent laparoscopic anatomical liver resection.
This study suggested intraoperative ICG fluorescence
guidance remains feasible in CIED and proposed that
negative staining with 2.5 mg intravenous ICG injection
during the operation provides optimal surgical guidance
(39).

Notably, gadolinium ethoxybenzyl
diethylenetriaminepentaacetic acid is a common
paramagnetic magnetic resonance contrast agent, which
is specifically absorbed by hepatocytes and excreted
through biliary and partially urinary systems (45).
The gadoxetic acid-enhanced MRI (EOB-MRI) is a
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widely applied examination of hepatobiliary lesions
with excellent sensitivity (46,47). However, a study
by Masuoka et al. observed that EOB-MRI presented
decreased parenchymal signal intensity and impaired
lesion detectability in CIED patients (37). It was believed
the underlying cause was that gadoxetic acid shares
the same hepatic uptake pathway with ICG. The low
expression of related transporters in CIED decreases the
liver uptake of gadoxetic acid (1/6,37,38).

All hepatic resections were completed successfully,
with patients experiencing uncomplicated recoveries
(24,27,28,30-32,34,39,40). However, postoperative ICG
tests indicated that ICG excretion remained markedly
delayed (27,29,31,39). The long-term observation
showed that it would take at least 1 month to completely
eliminate ICG in CIED patients (39). Additionally,
no evidence suggested that CIED either accelerates
or moderates the progression of liver tumor or other
diseases.

4. The pathogenesis of CIED
Following intravenous injection, ICG generally

circulates as follows: (i) binding to plasma proteins,
mainly albumin and lipoproteins, (if) hepatic delivery via

blood flow, (iii) uptake by hepatocytes as organic anions,
(iv) direct biliary excretion without metabolism or
enterohepatic circulation. Previous studies have affirmed
in CIED, that the ICG binding pattern with plasma
protein and excretion to biliary tract is the same as in
normal people (/2,13). Therefore, the reason of CIED is
possibly localized to the dysfunction of hepatic uptake.
In the past decades, the exploration of hepatocytes'
transportation systems has been broadly conducted and
gained plenty of advancements (Figure 2) (48-51). The
channels for organic anion transport in hepatocytes
have been identified as Na'-independent organic anion
transporters and Na'-taurocholate cotransporting
polypeptides (NTCPs). The Na-independent organic
anion transporters can be further classified into
organic anion transporters (OATs) and organic anion
transporting polypeptides (OATPs) (15,52-54). Among
these, OATP1B1, OATP1B3 and OATP2B1 isoforms
are specifically expressed on the basolateral membrane
of human hepatocytes. These OATPs have been
demonstrated to mediate the transport of various organic
anions, including bilirubin, bile acids and drugs (55).
Moreover, the observed inhibitory effect of ICG on the
transport of the aforementioned substrates suggests that
ICG might utilize the same transportation pathways

Central vein
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Hepatic artery

Hepatocyte

Intracellular
transport or
metabolism

Bile duct

Canalicular membrane ABCB11

Figure 2. A scheme for the human hepatocyte transport systems. Regarding the transporters located on the sinusoidal membrane, sodium
taurocholate co-transporting polypeptide (NTCP) is a unidirectional, ATP and sodium ion dependent transporter, which uptakes conjugated bile acids
(BAs), partially unconjugated BAs, bromosulphophthalein (BSP), and thyroid hormones (50). Organic anion transporters (OATs) are bidirectional,
ATP-independent transporters, including OAT2, OAT3, OATS, and OAT7. OATs mediate the uptake of common drugs (such as nonsteroidal anti-
inflammatory drugs, antibiotics, diuretics), toxins (such as mercury, aristolochic acid), nutrients (such as vitamins, flavonoids), and bilirubin. OATs
are driven by the exchange of dicarboxylates (DC). Organic anion transporting polypeptides (OATPs) are also bidirectional, ATP-independent
transporters, including OATP1B1, OATP1B3, and OATP2B1, which mediate the uptake of drugs, endogenous and exogenous organic anions, and
partial BAs. OATPs are driven by the export of bicarbonate (HCO5') (57). Asialoglycoprotein (ASGP) specifically binds with the asialoglycoprotein
receptor (ASGPR) and forms complex, mediating the subsequent endocytosis. As for the transporters located on the bile canalicular membrane
of hepatocytes, most belong to ATP-binding cassette (ABC) family, which are ATP-dependent unidirectional export transporters. ABCBI1,
formally called multi-drug resistance protein 1 (MDR1) or permeabilization glycoprotein, mediates the export of hydrophobic drugs, anticancer
agents, and some bile acids. ABCB4, formally called multi-drug resistance protein 2 (MDR2), mediates the export of phospholipids, particularly
phosphatidylcholine, into bile for bile formation, which helps the secretion of bile salts and lipids into the bile canaliculus. ABCB11, formally called
bile salt export pump (BSEP), mediates the export of conjugated bile salts. ABCC2, formally called multidrug resistance-associated protein 2 (MRP2),
mediates the export of metabolite and toxin (49).
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(19). Subsequently, de Graaf et al. affirmed by cellular
experiments that OATP1B3 and NTCP are the main
transporter of ICG (/6). Another study by Vaz et al.
pointed out that defective NTCP expression is typically
accompanied by conjugated hypercholanemia, which
features extremely high concentrations of conjugated bile
salts with relatively mild symptoms (56).

With these essential conclusions, further investigation
about the expression of OATP1B3 and NTCP in CIED
patients was conducted by Kagawa et al. In their study,
no NTCP-associated hypercholanemia was observed,
ruling out the deficiency of NTCP expression as
the underlying cause. Therefore, they suggested the
absence of OATPIB3 expression was the ultimate
reason of CIED. As a result, the hepatic uptake of ICG
is accomplished by passive diffusion, significantly
limiting the transport efficiency. At the genetic level,
the study revealed the deficiency was caused by a
homozygous mutation of L1 retrotransposon insertion
in Solute Carrier Organic Anion Transporter Family
Member 1B3 (SLCOIB3), which encodes OATP1B3
(33). Another follow-up study by Anzai et al. observed
that heterozygous SLCO/B3 null mutations did not affect
OATPI1B3 expression levels, remaining comparable
to those in wild-type individuals. Additionally, they
confirmed that heterozygous SLCOIB3 alteration
does not result in CIED (36), supporting an autosomal
recessive inheritance pattern for this condition.

Recently, a retrospective study by Tanimoto et al.
validated the conclusions with a larger cohort. Among 49
patients who underwent hepatectomy and preoperative

%\ _— :‘J
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ICG tests, absence of OATP1B3 expression was observed
in 6 patients, all of whom exhibited characteristic CIED
features. Genetic analysis of available frozen tissue
blocks confirmed homozygous SLCOIB3 alterations
in all 6 cases. Furthermore, in a separate cohort of
59 colorectal liver metastasis (CRLM) patients,
heterozygous alterations of SLCOIB3 were detected
in 5 patients. It's worth noting that these heterozygous
carriers showed no significant differences in ICG test
results compared to wild-type SLCOIB3 patients, which
is consistent with previous findings (38).

Previous studies mentioned that extremely high
ICG retention rate was also observed in patients with
congenital hyperbilirubinemia disorders, including
RS (43), D-JS (31) and GS (13,21). A study by van
de Steeg et al. affirmed that in RS patients, complete
OATP1BI1 and 1B3 deficiency leads to the Rotor-type
hyperbilirubinemia and ICG excretory defect (57).
Nambu and Namihisa reported that the average values
of ICG-R15 and KICG of 21 D-JS patients were 10.4%
and 0.167 respectively, compared to the average values
of 73% and 0.020 in 20 CIED patients. Thereby, they
indicated that the ICG values are within normal ranges
in D-JS (26), with reported cases of concurrent CIED
and D-JS representing coincidental occurrences (37).
Many studies have confirmed that hyperbilirubinemia
in GS is caused by decreased activity of bilirubin-UDP
glucuronosyl transferase (58). However, a previous
study pointed out that a defect of hepatic organic anion
transport could not be attributed to such deficiencies (59).

Figure 3 illustrates the difference in ICG circulation
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Figure 3. A comparison of ICG excretion patterns in normal circumstances versus in CIED cases. ICG: indocyanine green, OATP1B3:

organic anion transporting polypeptide 1B3.
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Table 2. Specific subtracts of OATP1B3

Category Examples Ref.
Exogenous compounds
Drugs

Lipid-lowering drugs rosuvastatin, pitavastatin (65)

Antihypertensive drugs valsartan, telmisartan, olmesartan, enalapril

Antidiabetic drugs repaglinide

Antibiotics rifampin

Chemotherapy agents hydroxyurea, methotrexate, carboplatin, cisplatin, oxaliplatin, docetaxel,

paclitaxel, imatinib
Imaging Agents
Organic dyes

Radioactive scintigraphy agents oom

Tc-mebrofenin,

99my

bromosulphophthalein, indocyanine green (&)
Tc-diethylenetriaminepentaacetic acid—chenodeoxycholic

acid conjugate (*"Tc-DTPA-CDCA)

MRI contrast agents

gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid (Gd-EOB-DTPA)

Toxins okadaic acid, ochratoxin A (64, 66)
Endogenous compounds

Bile acids taurodeoxycholate, cholate, taurocholate, taurochenodeoxycholate (62)

Bilirubin and conjugates bilirubin, bilirubinmonoglucuronide

Steroid and steroid metabolites dehydroepiandrostenone sulfate, estradiol-17f-glucuronide, estrone-3-sulfate

Gastrointestinal hormones and leukotrienes  cholecystokinin octapeptide 8, leukotriene C4, prostaglandine E2

Hormones triiodothyronine, thyroxine

Toxins kynurenic acid, indoxyl sulfate, (63)

between normal situations and CIED. Although existing
studies have confirmed that OATP1B3 deficiency
impairs hepatocellular ICG uptake and sporadic reports
have linked CIED to SLCOI/B3 gene mutations,
several critical knowledge gaps remain. First, robust
evidence from large-scale population studies and
in vivo experiments is still lacking to definitively
establish pathogenicity. Second, the mechanisms
underlying elevated ICG plasma retention in certain
congenital hyperbilirubinemia disorders remain poorly
understood. Importantly, given OATPs' essential role in
hepatic drug or metabolite uptake, its deficiency may
predispose patients to dose-induced toxicity, though
this requires further clinical validation (33,51,60,61).
Patients suspected of having CIED should exercise
extreme caution when exposed to known OATP1B3-
specific substrates and structurally similar potential
substrates (Table 2) (62-66). Monitoring of circulating
concentrations and early prevention of dose-related
adverse reactions are necessary. Additionally, while early
observations of familial clustering suggested CIED may
be a congenital disorder (23), subsequent studies have
failed to systematically investigate its inheritance pattern
at the molecular genetic level. These unresolved issues,
including population-level prevalence, precise molecular
mechanisms, pharmacological implications, and genetic
determinants, represent crucial areas for future research
to advance our understanding and clinical management
of CIED.

5. Reliable identification and alternative HFR
assessment in CIED patients

Many factors have been shown to cause the high ICG
plasma retention in patients without CIED. The most

common reasons are severe fibrosis and cirrhosis,
leading to changes of liver hemodynamics and biliary
excretion (/5,17,67). Vascular abnormalities like
intrahepatic vascular shunts and portal/hepatic vein
thrombosis similarly compromise liver perfusion
and contribute to ICG retention (/8). Additionally, in
severe functional insufficiency and hepatitis, liver ICG
uptake capacity decreases remarkably (3,76,20). Under
such circumstances, elevated ICG values typically
contraindicate surgical treatment due to the associated
hepatic functional impairment. Importantly, unlike
these pathological conditions, CIED does not affect the
effectiveness and safety of patients undergoing liver
operation. This distinction underscores the critical need
for accurate preoperative differentiation between CIED-
mediated and pathology-driven ICG retention. Current
diagnostic challenges highlight two key requirements:
(i) reliable methods to distinguish CIED from other
causes of ICG retention, and (i7) validated alternative
approaches for HFR assessment when ICG testing is
confounded. Although liver biopsy is regarded as a
golden criterion in the diagnosis of liver impairments,
its invasive nature and occasional technical limitations
necessitate alternative diagnostic strategies (28). Here we
systematically evaluate several clinical examinations for
distinguishing CIED from the other causes and providing
accurate supplementary HFR assessments.

5.1. Radioactive tracing technology

As previously presented, the application of radioactive
tracers in HFR assessment in patients with normal or
defective ICG excretion has been widely recognized
and sophisticated (28,29,31,32,34,39,68). *"Tc-
GSA liver scintigraphy is one of the most prominent
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methods. The liver elimination of glycoprotein is
based on the combination of asialoglycoprotein
(ASGP) and asialoglycoprotein receptor (ASGPR)
on the cell membrane of hepatocytes (69). *"Tec-
GSA is a radiolabeled molecular probe synthesized
from GSA, an ASGP analogue, and the radioactive
isotope technetium-99m. After intravenous injection,
the probes would specifically bind to ASGPRs, which
only occurs in hepatocytes. Both the disappearance
in blood and the uptake in liver can be measured
clearly and continuously (70). When hepatocytes are
impaired or lesions appear, the number of functional
hepatocytes decrease, manifesting as reduced uptake
and concentration of *"Tc-GSA. The general and
regional liver function could be demonstrated visually
and noninvasively by single photon emission computed
tomography (SPECT). The quantitative indexes could
also be calculated, of which the mostly used are LHL15
(receptor index), HHI15 (blood clearance index) and
GSA-Rmax (regional maximal removal rate) (/8,71-74).
A recent study revealed HH15 and LHL15 have good
capacity in predicting ICG-R15 > 20%, with AUC of
0.844 (95%CI: 0.747-0.915) and 0.878 (95%CI: 0.759—
0.944) respectively (75). Thereafter, the development of
dynamic SPECT/CT fusion imaging technology sparked
new ideas for preoperative liver function assessment.
Using the new method, Mao ef al. proposed a prediction
system of the uptake index (UI) and three-dimensional
(3D) reconfigurations including overall and future liver
remnant (FLR) functions. The UI value was calculated
from the dynamic radioactive intensity caused by
hepatic uptake and degradation processes of *"Tc-GSA,
quantifying the risk of developing PHLF. Concomitantly,
the 3D reconfigurations provide visualized and intuitive
information for surgeons to evaluate surgical plans and
risks (76).

Additionally, Okabayashi ef al. proposed a prediction
index for postoperative remnant liver function, the
remKGSA, which is calculated from LHL15 and
volumetric rate of the FLR using *"Tc-GSA SPECT/CT
fusion imaging. The index was very useful in predicting
safe and accurate liver resection. The researchers pointed
out that the remKGSA provides detailed and accurate
information to decide whether patients would benefit
from surgery (70). Furthermore, another study by
Sumiyoshi et al. affirmed the efficiency of remKGSA
in 13 patients with abnormally deteriorated ICG values.
It presented that only 3 patients receive hepatectomy
along with the Makuuchi's criteria. While the other 10
patients received operations exceeding the criteria and
no postoperative mortality occurred in all patients. The
study supported the conclusion that the technology would
provide accurate assessments of liver function in patients
with severely deteriorated ICG levels (35). Generally,
SPECT/CT fusion technology not only overcomes CT's
deficit of estimating liver volume without assessing liver
function but also eliminates SPECT's disadvantage of

low spatial resolution. Evidence to date suggests it is a
reliable assessment technique for liver surgery, including
surgery for CIED patients. However, the widespread
adoption of this technology is limited by its high costs
and technical complexities to some extent, demanding
further improvement.

Notably, in addition to *"Tc-GSA, *"Tc-mebrofenin
hepatobiliary scintigraphy (HBS) is another common
radioactive tracing technology for HFR assessments
(77). However, studies have indicated that the *"Tc-
mebrofenin shares a similar pharmacokinetic pathway
with ICG; both undergo hepatic uptake mediated by
OATP1B1 and OATP1B3 (/6,78). Given this mechanistic
overlap, the applicability of *"Tc-mebrofenin HBS in
CIED patients remains uncertain, as no studies have yet
investigated its performance in this specific population.
Therefore, although the *"Tc-mebrofenin HBS has
demonstrated excellent capacity and reliability in liver
surgery, it demands more relevant research to explore its
application in CIED (77,79,80).

5.2. Serum examination and clinical score systems

Plasma bilirubin levels provide basic information about
the metabolism and excretion function of the liver.
Increasing bilirubin levels act as specific markers for
the impairment and loss of function of the liver (6).
Besides, albumin and proteins related to hemostasis
and fibrinolysis are used as indirect indicators of liver
synthesis functions (5). Based on such biochemistry
parameters and common symptoms of insufficient liver
function, clinical grading systems like the Child-Pugh
score were developed and gained broad application
on a global scale (4). According to present experience,
Child-Pugh scores could provide valuable information
in selection of patients with liver diseases for resection
or transplantation (2,3). Previous case reports also
mentioned the application of Child-Pugh scores in CIED
patients, which affirmed its effectiveness in assessing
surgical tolerance (39,40). However, relatively strong
subjectivity and poor differentiation capacity weaken the
accuracy of the Child-Pugh score. Thorough discussions
of its limitations have been conducted (2,3). In addition,
another common clinical score system, the model for
end-stage liver disease (MELD), faces similar troubles,
which is narrow for patients undergoing a hepatectomy
).

Based on Child-Pugh scores, Johnson et al. proposed
an objective score system, albumin-bilirubin score
(ALBI), literally calculated by the 2 laboratory values.
This international multicenter clinical research provides
solid evidence that it has better distinctiveness than
conventional Child-Pugh scores in HCC patients' HFR
assessment and prognosis prediction. In particular,
a significant discrepancy in median survival was
observed among patients classified as Child-Pugh
A, and subdivided into ALBI grade 1 and 2, which is
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over 10 months in different country cohorts. ALBI,
thereby, provides further information for surgeons to
decide treatment plans (87). So far, the ALBI score has
gained worldwide recognition and has become a crucial
component of the preoperative assessment for hepatic
surgery (82-84).

Subsequently, considerable efforts were dedicated to
enhancing the discriminatory and predictive capabilities
of the ALBI score. A. Hiraoka ef al. advised that in
addition to the liver function state, the disease burden
would also affect the treatment strategies and prognosis
of patients, which could be measured by Tumor Node
Metastasis (TNM) staging system. As detailed in Table 3,
researchers developed the ALBI-Tumor score (ALBI-T)
by combining the ALBI and TNM staging system from
the Liver Cancer Study Group of Japan (5" edition ) (85).
The results revealed that it is a comprehensive clinical
score for strategic decisions and predicting survival of
HCC patients (82,86). The research team also made
efforts to promote the differentiation ability of ALBI
scores. The new cut-off value was derived from the
ALBI value with the ICG-R15 < 30%, which is believed
to be the limit of the minimal anatomical resection in
Makuuchi's criteria (/1,87). As for the results, a good
correlation between ALBI and ICG-R15 was observed
(r = 0.563; 95%CI: 0.550-0.570; p < 0.0001). The new
cut-off value of the modified-ALBI score (mALBI) was
-2.27, with an AUC of 0.828 (95%CI: 0.823-0.833). The
subsequent studies were conducted in different centers
around the world, further affirming its value in clinical
practice (88,89). Besides, the utility of mALBI in CIED
patients was validated, thereby indicating the mALBI
as a reliable and effective method for the detection and
evaluation of such patients (38).

Other studies attempted to reduce the calculation
complexity of ALBI scores. Kariyama et al. proposed
a simplified calculation, the EZ-ALBI, avoiding
the logarithmic change of serum total bilirubin. The
validation of the effectiveness of EZ-ALBI and EZ-
ALBI-T showed that they performed excellently like the
previous scores, with a correlation coefficient of 0.981
(95%CI: 0.980-0.982). The researchers highlighted
that the simplicity of EZ-ALBI allows clinical workers
to mentally perform the calculation and grasp HFR
intuitively (90).

Moreover, a variety of dimensions of HFR
assessment were integrated into the ALBI to enhance its
comprehensiveness. Some researchers advised that the
platelet counts should be integrated into the ALBI scores,
as it is an effective surrogate metric for evaluating portal
hypertension (PHT). Liu et al. incorporated blood platelet
counts into ALBI, thereby forming the PALBI (Table
3). The following studies further corroborated the utility
of PALBI in HFR assessment and PHLF prediction,
demonstrating its equivalence to other ALBI scores (91-
94). However, the complexity of its calculation limits
the application of PALBI to some extent. More efforts

were needed to promote its practicability. The ALBI
score can also be combined with imaging examinations.
Preoperative 3D-CT reconstruction is used as an
effective approach to measure FLR volume (95). Zou
et al. proposed that ALBI could compensate for the
weaknesses of FLR measurements, which has difficulty
in simultaneously assessing the functional state of
preserved livers. The results suggested the combination
of ALBI and standardized FLR was effective and
precise in predicting PHLF (96). Similarly to previously
mentioned dynamic SPECT/CT fusion imaging, the
application of ALBI and FLR in CIED patients is quite
promising. To provide adequate evidence, however, more
in-depth studies are demanded.

Besides the methods based on ALBI scores, there
were other laboratory indexes that could assist in the
evaluation of liver function status and HFR. Aspartate
transaminase-Platelet-ratio-index (APRI), first
proposed by Wai et al. , was originally designed for the
noninvasive examination of liver fibrosis and cirrhosis
(Table 3) (97). Further studies highlighted the fact that
APRI has an excellent capacity to predict PHLF and
postoperative mortality, due to the reason that such risks
are highly related to liver fibrosis or cirrhosis (98,99).
Recent studies focused on the combination of the ALBI
scores and APRI. The results indicated that simultaneous
consideration of HFR and severity of liver cirrhosis
promotes the accuracy of preoperative assessment and
safety of surgery (100,101). The four-factor fibrosis index
(FIB-4) is another non-invasive tool for the examination
of liver cirrhosis (Table 3) (/02). Recent studies also
highlighted the capacity of FIB-4 as an independent
predictor of prognosis and post-operative outcomes
(103,104). H. Toyoda and P. J. Johnson comprehensively
discussed the fluctuation trends of the above scores at
different stages of liver disease progression. The ALBI
scores increase before cirrhosis develops, providing
sensitive detection of early liver function deterioration.
They are also closely associated with cirrhosis indicators,
FIB-4 and APRI, in the progression of liver disease.
In the late stages of liver disease, ALBI scores have a
comparable ability to MELD and Child-Pugh scores to
predict mortality (84).

5.3. Imaging examination

Common preoperative imaging examination includes
CT, US and MRI. These imaging diagnostic technologies
provide comprehensive diagnostic information,
offering both direct visualization of liver anatomy
and pathological lesions (including location, size and
characteristics) and functional estimation of HFR (705).
First, it is widely accepted that preoperative CT is one
of the indispensable preparations for the evaluation of
FLR, liver anatomy, cirrhosis and PHT, which are all
essential references for treatment decisions (95,106-
108). Previous case reports pointed out that in CIED
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patients, enhanced CT remains an effective method for
evaluating liver volume and structure (28,30-32,34,39).
Beyond anatomical assessment, CT-based parameters
are also promising as alternative HFR assessments.
The combination of CT with other HFR assessments,
such as ALBI scores, could promote its utility (96). In
addition, Tu et al. proposed a novel CT-based approach
to assess HFR, which incorporates both quantitative and
qualitative parameters of FLR. It included an index and a
grading system, the percentage of remnant liver volume
(PRLV) and CT grade, for the assessment of HFR (Table
4). The results revealed that the two parameters correlate
with postoperative survival. The combination of them
formed a brief prediction line for the evaluation of HFR.
The line showed that for patients with better liver status
(lower CT grade), a larger resection range (lower PRLV)
would be acceptable (/09). Other studies focused on the
effectiveness of dividing spleen or liver volume by body
surface area (BSA), including SVyq, and LV, both of
which are useful in the assessment of cirrhosis, PHT and
HFR (75,110-112).

Enhanced multiphase CT provides richer information.
Iodine-uptake parameters, such as extracellular volume
fraction (ECV) and iodine washout rate (IWR), have
been proposed as potential indicators of cirrhosis and
HFR (Table 4). Initiated by the deposition of collagen
and matrix proteins, the enlargement of ECV is another
feature of cirrhosis, which could be precisely measured
by enhanced CT (//3-115). IWR reflects the change
of intrahepatic hemodynamics. In livers with severe
cirrhosis, the parenchymal demonstrates prolonged iodine
retention and reduced IWR. The integration of CT images
with IWR could visualize the heterogeneous fibrosis
deposition spatially, including the tumor area, which is
valuable for surgery (/1/6). Furthermore, the previously
mentioned study by Nagayama ef al. compared several
common methods in HFR assessment, including IWR,
ICG-R15, SV, and LV, ”"Tc-GSA liver scintigraphy.
The results revealed that all the CT measured indicators
correlate with ICG-R15. Among them, IWR, SV, and
LV, are independent predictors of severe liver function
insufficiency of ICG-R15 > 20%. The IWR performs
the best discriminative capacity with an AUC of 0.845
(95%CI: 0.698-0.931). They also pointed that the
combined CT model of IWR and volumetric indicators
could provide more accurate evaluation, with an AUC
of 0.924 (95%CI: 0.860-0.965), compared to SV, and
LVys, with AUCs of 0.653 (95%CI: 0.501-0.790) and
0.694 (95%CI: 0.553-0.820) respectively (75).

In summary, current evidence supports the use of CT-
derived parameters as objective, accurate, and clinically
accessible tools for HFR assessment. These imaging
indicators provide reproducible quantitative data that
can enhance preoperative risk stratification and surgical
planning. However, further large-scale validation studies
are warranted to strengthen the reliability of these
findings and explore their broader applications in HFR

Ref-
(109)
(75)

Cut-off value

CT Grade-3: SI>600 with 3~4 PVH signs, moderate ascites(<2cm)

CT Grade-4: SI>600 with 3~4 PVH signs, severe ascites(>2cm)

CT Grade-2: 300<SI<600, with 2~3 signs of PVH

CT Grade-1: SI<300, with no sign of PVH

ICG>20%: <705.8 mL/m’
1CG>20%: >156.8mL/m>

1CG=20%: <35.9%
1CG>20%: >30.2%

(1-HE /HE »,,)x100

121.75+16.49%body mass
diameter (cm)
SV, =SV/BSA
LV, =LV/BSA
volume(ml),body surface area(m”)

pTLV-
volume(ml),body mass(kg)

Formula
PRLV=pRLVpTLV*100%

-pTLV-(tumor volume-+tperitumor volume)
IWR

ECV=(HE ,,*(100-Hct)YAE,,

PRLYV-
spleen index=diameter of thicknessxdiameter fore and aftxdiameter up and down

Name
SVisa LVisa

PRLV
CT Grade
IWR
ECV

Time
2007
2025

Abbreviation: PRLV, percentage of remnant liver volume; pRLV, predicted remnant liver volume; pTLV, predicted total liver volume; SI, spleen index; PHT, portal hypertension; ECV, extracellular volume; HE, hepatic

enhancement; AE, aortic enhancement; Hct, hematocrit level; PVP, portal vein phase; DP, 3minutes delayed phase; SV, spleen volume; LV, liver volume; BSA, body surface area.

Table 4. CT-based assessments for hepatic functional reserve

Author
Tu, et al.
Nagayama, ef al.
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evaluation. Additionally, the development of integrated
automated algorithms incorporating multiparametric CT
data with machine learning techniques could significantly
improve standardization, reduce interobserver variability,
and optimize clinical workflow, thereby facilitating wider
adoption in routine practice.

The applications of non-invasive US examination
in liver fibrosis and cirrhosis are well developed (177).
Common US evaluating dimensions include hepatic and
splenic morphology, stiffness changes, and hemodynamic
alterations (//8). Transient elastography and shear
wave elastography represent two main technologies
in organ stiffness measurement, with substantial
evidence supporting their accuracy and efficiency in
the early diagnosis and evaluation of liver fibrosis (//9-
121). These elastographic methods also demonstrate
clinical utility in assessing splenomegaly, a hallmark
complication of PHT, thereby providing valuable
diagnostic information to evaluate PHT and cirrhosis
(122,123). Moreover, recent studies revealed that the
US-measured stiffness and volume of liver and spleen
could provide predictive information of PHLF (124,125).
Hemodynamic alteration is another key manifestation of
PHT and cirrhosis, which demonstrates increased hepatic
venous pressure gradient, decreased portal vein velocity,
and portal and total hepatic perfusion. Some studies
reported that the doppler US was a potential tool to
preliminarily evaluate the portal vein velocity to provide
the degree of PHT (126,127).

Conventional MRI provides superior soft-tissue
contrast for morphological information (//8), while
advanced MR techniques provide functional assessment
capabilities. The ECV measured by MR T1 mapping
technology could also be useful in the identification
and assessment of cirrhosis (/28). MR elastography
has emerged as a particularly promising assessment for
liver fibrosis, demonstrating superior sensitivity and
specificity in identification of hepatic cirrhosis compared
to other non-invasive methods (/29,/30). However,
EOB-MRI, while providing excellent hepatobiliary lesion
characterization in normal liver function (46), appears
to have limited diagnostic performance in patients with
CIED due to impaired hepatic contrast agent uptake
(37,46) This limitation significantly reduces its clinical
utility in such populations despite its otherwise excellent
imaging capabilities.

6. Conclusion

CIED represents a rare dye metabolism disorder
characterized solely by markedly elevated plasma ICG
retention without other distinctive clinical or laboratory
findings. While current research has elucidated the
fundamental mechanisms underlying CIED, significant
knowledge gaps remain regarding its precise pathogenesis
in certain congenital hyperbilirubinemia disorders and its
inheritance patterns. The published literature on CIED

epidemiology, clinical characteristics, management
strategies, and prognostic outcomes is limited not only
by small sample sizes but also by the inherently low
amount of evidence. Given the extreme rarity of CIED,
most available data are derived from isolated case reports
and small retrospective case series, which are susceptible
to selection bias, reporting bias, and incomplete follow-
up. To date, there is an absence of large-scale population-
based epidemiological investigations and robust
prospective cohort studies that could more accurately
define incidence, risk factors, and long-term outcomes.
Additionally, no convincing in vivo experimental
models have been established to validate the underlying
biological processes, limiting mechanistic interpretation
and causal inference. Moreover, another important
limitation concerns geographic concentration. Nearly all
reported cases originate from Japan and China. The lack
of data from other ethnic and geographic populations
substantially restricts the assessment of global
generalizability. Potential ethnic, genetic, environmental,
or practice-related differences cannot currently be
evaluated. Future efforts should focus on multinational
collaborative investigations and mechanistic studies
to clarify epidemiology, validate pathophysiology,
and improve risk stratification. Basic research should
prioritize the development of reproducible in vivo models
incorporating susceptibility backgrounds, coupled with
intervention and biodistribution studies, to validate
causality and define actionable mechanistic targets.

Our review identifies several key modalities
for differentiating CIED and supplementing HFR
assessment. First, the application and utility of *"Tc-
GSA liver scintigraphy has gained relatively considerable
validation. Next, the serum biomarkers and relevant
clinical scores like the ALBI scores are quite useful.
Finally, most imaging examinations, including CT,
US and MR, generally focus on the differentiation and
evaluation of cirrhosis and PHT, and provide detailed
anatomy information of liver and lesions. Several of
them provide assessment of HFR. CT is widely applied
due to its affordability and rich information, making it
an indispensable examination in CIED. Notably, due
to the impaired lesion detectability observed in CIED
patients, it is lamentable that the utility of EOB-MRI is
rather limited. Based on existing findings, we proposed
a strategy to cope with unexplained high ICG retention
patients (Figure 4). In our perspective, this strategy
would be simple to apply in clinical practice and helpful
for such patients. However, it demands further validation.
Nowadays, with recent advancement of next-generation
screening (NGS), molecular testing technology is playing
an increasingly vital role in precise surgery. Genetic
testing, whether based on blood or pathological samples,
not only provides a detailed molecular diagnosis but also
guides perioperative targeted therapy and immunotherapy
in different types of malignancy (/37-7133). Although
the molecular diagnosis and therapy of HCC remains
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Figure 4. A strategy to cope with unexplained high ICG retention patients. CIED: constitutional indocyanine green excretory defect,
ICG-R15: plasma indocyanine green retention rate at 15 minutes, ALBI: albumin-bilirubin scores, CT: computer tomography, US:

ultrasonography, PHT: portal hypertension, HFR: hepatic functional reserve,

Albumin liver scintigraphy.

divergent, hopefully such high-throughput sequencing
technologies could improve SLCO/B3 mutation
screening, thus reducing the cost of CIED diagnosis and
assisting with clinical decision-making (/34).

The expanding use of ICG tests in hepatic surgery
will likely increase CIED detection rates, underscoring
the importance of reliable diagnostic and assessment
protocols. However, the rarity of CIED has constrained
study sizes, necessitating external validation of current
findings in larger populations. Future research should
prioritize multicenter studies to validate existing
diagnostic algorithms, develop of standardized
assessment protocols, and investigate novel functional
imaging parameters. The proposed diagnostic strategy
balances clinical practicality with comprehensive
evaluation, though its implementation requires further
validation. As hepatic surgery advances, establishing
evidence-based approaches for CIED management will
become increasingly crucial for optimal patient care and
surgical outcomes.
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