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This nuclear imaging technique can be used to calculate both global and regional liver func-
tion. It has proven to be the most reliable way of assessing the distribution of liver function,
especially in patients with impaired liver function due to, for example, cirrhosis or after
chemotherapy. There are two types of tracers: Technetium-99m with a type of iminodiacetic
acid and Technetium-99m galactosyl human serum albumin. The main indication for HBS is
the assessment of the future liver remnant function in patients scheduled to undergo hemi-
hepatectomy; to predict the risk of posthepatectomy liver failure. Another upcoming indica-
tion is the use of HBS in patients undergoing radioembolization.
Semin Nucl Med 49:227-236 © 2019 Elsevier Inc. All rights reserved.
Introduction

Hepatobiliary scintigraphy (HBS) with 99mTc was first
described in 1975 by Harvey et al.1 This imaging tech-

nique is a promising tool in predicting the future remnant liver
function (FRL-F) in patients who undergo liver treatment,
regardless of underlying liver disease.2 It is used for direct cal-
culation of global and regional liver function. Currently, there
are two types of tracers: Technetium-99m galactosyl human
lbumin-bilirubin; ALP, alkaline phosphatase; ALT,
nsferase; AST, aspartate aminotransferase; ATP,
hate; BSA, body surface area; Clr, clearance rate; CPT,
tte; FOV, field of view; FRL-F, future remnant liver
future remnant liver volume; Gd-EOB-DTPA,

ybenzyl diethylenetriamine pentaacetic acid; GGT,
ase, HBS, hepatobiliary scintigraphy; ICG,
; INR, international normalized ratio; LDH, lactate
DRP2, multidrug resistance protein 2; MELD, Model
r Disease; NTCP, sodium taurocholate cotransporting
P, organic anion transporting polypeptide; PHLF,
iver failure; PRI, predictive residual index; PVE, portal
REILD, radioembolization-induced liver disease; ROI,
sFRL-V, standardized future remnant liver volume;
chnetium-99m galactosyl human serum albumin;
etium-99m iminodiacetic acid
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serum albumin (99mTc GSA) and Technetium-99m with a
type of iminodiacetic acid (IDA) (99mTc IDA).

In the past decades, liver-directed treatments for primary
and secondary liver tumors have increased. New techniques
were developed�such as laparoscopic liver surgery, radio-
frequency ablation, microwave ablation, radioembolization,
stereotactic radiation therapy, transarterial chemo-emboli-
zation�and perfected. In larger liver directed treatments,
that is, (extended) hemihepatectomies and (bi)lobar radio-
embolization, (lethal) liver failure can develop. Estimation
of the function of the liver remnant is therefore indispens-
able, especially in patients with hepatic comorbidity and
resultant diminished liver regeneration capacity.
Hepatic Anatomy and Physiology
The liver is the largest gland of the human body. Anatomically,
it is separated into a right and a left lobe and it can be further
divided into eight separate functioning segments, based on
Couinaud3 (Fig. 1). The blood supply of the liver is twofold: it
receives blood from the portal vein (�75%) and the hepatic
artery (�25%). Blood exits the liver through the hepatic veins.

The liver parenchyma consists of plates of hepatocytes that
are surrounded by reticuloendothelial cells. Very small vascu-
lar spaces, the sinusoids, separate the diverse plates and drain
into central veins. Portal triads are structures containing a por-
tal venule, hepatic arteriole and a bile canaliculus and sur-
round the hepatic plates with their central veins (Fig. 2).
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Figure 1 Segmental hepatic anatomy according to Couinaud. Reprinted with permission of Robin Smithuis, MD, from
radiologyassistant.com.

Figure 2 Hexagon structure of hepatocytes with portal triad.
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Hepatocytes have three sides: the apical surface, the baso-
lateral surface, and the lateral domain. Uptake of proteins
and molecules from the bloodstream and secretion of par-
ticles into the bloodstream takes place at the basolateral sur-
face, whereas bile transport and excretion occurs at the
apical surface.4

This unique architecture of the liver parenchyma enables
the liver to fulfill diverse functions, including receptor-
mediated uptake and transport of molecules. A major excre-
tory function of the liver is bile production. Hepatocytes
synthesize bile acids from cholesterol at a rate of approxi-
mately 200-400 mg/day. Conjugated bile, when a bile
molecule is linked to glycine or taurine, is transported out
of the hepatocyte into the canaliculus by transporters of the
adenosine triphospate binding family, such as multidrug
resistance protein 2 (MDRP2).4 From the canaliculi, it is
transferred to bile ductules and then further transported to
the biliary tree Fig. 3.
Liver Function Assessment
Several liver-related biochemical substances can be measured
in the blood plasma to estimate global hepatic function, such



Figure 3 This figure shows histological images of the pathological tissue of an HCC patient that was taken after radio-
embolization. A microsphere can be seen (A, B) (black arrows), next to fibrosis (F). (C) The portal triad with the PV in
the center of the image, an HA on the right and BC on the left. HCC, hepatocellular carcinoma; PV, portal venule; HA,
hepatic arteriole; BC, bile canaliculus.
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as alanine aminotransferase, aspartate aminotransferase, lac-
tate dehydrogenase, g-glutamyltransferase), alkaline phos-
phatase, albumin and total and conjugated bilirubin.
However, most of these blood assays are poor representa-

tives of hepatic function. Alanine aminotransferase and aspar-
tate aminotransferase, for example, are markers of hepatocyte
injury or necrosis and not an estimate of hepatic function.
Likewise, g-glutamyltransferase and alkaline phosphatase are
indicators of cholestasis, rather than hepatic function. Conju-
gated bilirubin however is related to uptake, conjugation and
excretion functions of the liver and could therefore be a valu-
able marker of hepatic function. Yet, a high plasma bilirubin
can be caused by hemolysis or posthepatic biliary obstruction
without impairment of hepatocyte function.5 Thus, blood
assays alone are no absolute measurement tool for hepatic
function. Even clinical scoring systems based on these blood
parameters are of limited use in the evaluation of (regional)
liver function. The clinical scoring systems that are currently
most widely used are the Model for End-Stage Liver Disease
(MELD) score, the albumin-bilirubin grade and the Child-
Pugh classification. The MELD score is a validated metric to
describe the severity of liver disease. It was originally devel-
oped to predict survival in patients undergoing placement of
intrahepatic portosystemic shunts, but it is now mostly used
for allocation of organs for liver transplantation as it can distin-
guish patients according to their mortality risk. The MELD
score consists of the international normalized ratio (INR),
creatinine, and bilirubin. A major strength of the MELD score
is that it is widely validated and that it is based on objective
values. However, an important drawback of this score is that
it cannot predict mortality after elective liver resection.6 The
albumin-bilirubin grade is a relatively new measure, developed
to evaluate liver function in patients with hepatocellular carci-
noma (HCC). It is categorized into three different grades,
based on serum bilirubin and albumin. It is an accurate pre-
dictor of the risk of posthepatectomy liver failure (PHLF) and
survival in patients undergoing liver resection.7,8 The Child-
Pugh-Turcotte is based on the following parameters: ascites,
encephalopathy, bilirubin, albumin, and INR. It is used to
select patients with HCC and cirrhosis for transplantation or
resection. A limitation of this score is the subjectivity of the
parameters ascites and encephalopathy.9 A major limitation of
all three scoring systems is their inability to define regional
liver function. Indocyanine green (ICG) clearance tests can be
used to measure functional hepatocyte mass. ICG is a tricarbo-
cyanine dye.10 After uptake into the hepatocytes it is excreted
by the MDRP2 transporter (similar to bilirubin) into the bile,
but without intrahepatic conjugation. Therefore, the clearance
rate in the blood, after peripheral injection, reflects the liver’s
capacity to transport organic anions and metabolize drugs,
and thus provides an indirect measurement of global liver
function.11 Several repeated blood samples are required to
evaluate the clearance rate in the peripheral blood, for exam-
ple, before and at 5, 10, 15, and 20 minutes after ICG injec-
tion.10 ICG tests can assess global liver function, but not the
distribution among liver segments. Other drawbacks are that
the ICG clearance rate is influenced by hepatic blood flow var-
iations and hyperbilirubinemia.5,12

Currently though, the most often used method for evalu-
ating whether patients are suitable candidates for hepatic
resection is not based on functional measurements, but on
CT-or MRI-based volumetry. The future remnant liver vol-
ume (FRL-V) can be accurately estimated using CT or
MRI.13,14 The cut-off value for resection in patients with
noncompromised liver tissue is an FRL-V of at least 30%.
For patients with compromised liver tissue, for example,
due to cirrhosis, the cut-off value is 50%.15 Still, the seg-
mental distribution of the liver function and the extent of
the regenerative impairment remain unknown. Moreover,
prior to the liver-directed therapy, the existence of hepatic
disease is not always known, thus introducing unnecessary
risk of liver failure.
Hepatobiliary Scintigraphy
HBS is used for direct calculation of global and regional liver
function. Both tracers, 99mTc GSA and 99mTc IDA, will be
discussed.
HBSWith IDA Agents
There are three types of IDA radiopharmaceuticals that are
used for hepatic function evaluation: 99mTc lidofenin
(HIDA), 99mTc disofenin Technetium-99m disofenin
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iminodiacetic acid (DISIDA), and 99mTc mebrofenin
(BrIDA).16 99mTc mebrofenin has the highest hepatic
uptake�thus most strongly resists competition with bili-
rubin in hyperbilirubinemia�and renal excretion is
minimal.5,12,16

IDA binds to plasma carrier proteins, mainly albumin. It is
transported into the hepatocyte via the organic anion trans-
porting polypeptide receptor. After uptake in the hepatocyte,
IDA follows the bilirubin pathway and is excreted into the
bile canaliculi by MDRP2 transporters16,17 without any
biotransformation.12
Calculation and Acquisition
HBS consists of a multi-phase scanning protocol. Patients
are scanned in the supine position and the field of view
should include the aortic notch and the entire liver. First,
immediately after intravenous injection of the IDA, dynamic
anterior and posterior images are acquired (36 frames: 10
s/frame; 128£ 128 matrix; energy window: 140 keV §
7.5%). These images are used to calculate the total hepatic
uptake rate. Second, a fast SPECT/CT is acquired (60 pro-
jections; 8 s/ projection; 128£ 128 matrix; energy window:
140 keV § 7.5%). This acquisition is centered on the peak
of the hepatic time-activity curve and can be used to assess
regional hepatic uptake. Third, a second dynamic acquisi-
tion with similar parameters as during the first phase is
acquired, but this time only 15 frames of 60 s/frame are
acquired. This last acquisition serves to evaluate biliary
excretion. Finally a low dose CT is acquired for attenuation
correction and anatomical reference.
In 1996, Ekman et al. developed a method to calculate the

total liver function from the dynamic images of the first
phase, which is now widely used in clinical practice.18 To
account for attenuation effects, calculations are performed
on a geometric mean (Gmean) dataset, which is formed by tak-
ing the square root of the product of the anterior and poste-
rior projection images.13 First, several regions of interest are
drawn: one over the liver, another over part of the heart and
the large vessels, and a third region of interest over the entire
field of view. The clearance rate of the liver can then be esti-
mated from the corresponding time-activity curves using the
following formula:

LClr ¼ LCl

V
¼ L t2ð Þ�L t1ð Þ

A t1ð Þ R t2
t1
Cnorm tð Þdt :

In this formula, the liver clearance rate is defined as the
fraction of IDA that is cleared per time unit from the blood
pool, with V the volume of the blood pool in (mL). L(t) is
the amount of activity that has accumulated in the liver at
time t; t1 and t2 are the beginning and end time on the
time-activity curves used in the calculation. A relatively
strict time frame of 150-350 seconds after injection is used,
to ensure that calculations are made during a phase of
homogeneous distribution of the IDA in the blood pool.
A(t1) is the total amount of circulating activity at time
t1 and Cnorm(t) is A(t) normalized to unity at time t1.
19 To

compensate for variations in individual metabolic needs,
this clearance rate is divided by the body surface area (m2).
Hepatic uptake rate is thus expressed in [%/min/m2].5,14

Segmental liver function is calculated from the SPECT/CT
using the total liver function as a reference. The number of
counts in the “segment of interest” is divided by the total
liver counts and this percentage reflects the segmental
function relative to the total liver function.13
Surgery
HBS can be used to predict postoperative liver failure in
patients planned to undergo liver resection. De Graaf et al.
examined the accuracy of HBS in the prediction of postoper-
ative liver failure after (extended) hemihepatectomy in high-
risk patients (n = 55). CT volumetry was compared with
99mTc mebrofenin HBS. In patients with normal livers, the
FRL-V correlated well with FRL-F, contrary to patients with
a compromised liver. Nine of 55 patients developed PHLF.
Based on receiver operating characteristic (ROC)-analysis, a
cutoff value of 2.69%/min/m2 was identified to estimate the
risk of postoperative liver failure (sensitivity 89%/specificity
87%), regardless of underlying liver disease. This cutoff value
was found to be a better predictor of postoperative liver fail-
ure than FRL-V. In this specific study, only planar HBS
images were used, without an accompanying low-dose CT.
The CT volumetry images were used as a guideline to delin-
eate the FRL on the HBS images. Using the current techni-
ques for HBS with a SPECT/CT, regional differences can be
estimated more accurately.13

In a more recent study, Chapelle et al. investigated the
value of 99mTc mebrofenin HBS combined with volumetry
in the prediction of PHLF in a cohort of 88 patients who
underwent hemihepatectomy. FRL-F was calculated as:
FRL-V/nontumor total liver volume £ total liver function as
measured on HBS. PHLF was diagnosed according to the
international criteria; that is, INR > 1.5 and serum bilirubin
> 1.2 mg/dL (21 mmol/L) on day 5 postsurgery.20 Twelve
patients developed PHLF. Liver function estimation by
99mTc mebrofenin HBS was found to be a significant predic-
tive factor of PHLF in this patient cohort, with a cut-off
value of 2.3%/min/m2 and a positive predictive value of
92%, in contrast with FRL-V.14 Given the calculation
method of the FRL-F in this study, segmental differences in
liver function were not taken into account. Furthermore,
the earlier study by de Graaf et al. described a significant
underestimation of the actual postoperative liver remnant
function using this method; probably explaining the lower
cut-off value in this study.13

To improve the success rate of major liver surgery, preop-
erative portal vein embolization (PVE) was developed in
Japan around 1986. PVE induces hepatic (lobar) atrophy
through embolization of the portal branches of the diseased
liver lobe. This results in an increase of the FRL-V and
FRL-F21 (Fig. 4). Yet, Future remnant liver - function
(FLR-F) increases significantly more than FLR-V post-PVE.



Figure 4 This figure shows the 99mTc mebrofenin SPECT/CT images of a patient with a large cholangiocarcinoma in the
right hemiliver. (A, B) Show the inhomogeneous hepatic function before right PVE. The total liver function was 6.3%/
min/m2. Segmental function of segments 2-3 was 1.8%/min/m2. (C, D) Show the hepatic function 1 month after PVE.
The tumor has shrunk and there was an increase in total liver function to 8.8%/min/m2. The FLR-F of segments 2 and
3 was 2.7%/min/m2, which was sufficient for right hemihepatectomy. PVE, portal vein embolization, FLR-F Future
remnant liver - function.
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In practice, this may result in shorter intervals between PVE
and surgery than suggested by volumetric parameters.21 Cie-
slak et al. showed an increase in mean FLR-F after PVE of
1.80%/min/m2 to 2.89 %/min/m2 in a study of 63 patients.
Furthermore, they noted that the pre-PVE FRL-F can be pre-
dictive for the development of adequate function increase,
with a pre-PVE FRL-F cut-off value of 1.72%/min/m2 for
chemo-na€ıve patients and 1.92%/min/m2 for patients who
received chemotherapy.22

If PVE is expected to be insufficient, patients may benefit
from associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS). ALPPS accomplishes a stronger and
much faster hypertrophy response by in situ dividing of the liver
tissue and adjuvant portal vein ligation.22,23 However, when per-
forming ALPSS, the poor correlation between liver volume and
function should be taken into account as well. Olthof et al.
showed that FRL-V increased with a median of 78% during a
median of 8 days after stage 1, while FRL-F only increased with
a median of 29% after 7 days, in 27 patients with both measure-
ments.24 Interestingly, this is contrary to the findings of De Graaf
et al., who found that after PVE, there was a higher increase in
FRL-F than in FRL-V.21 Olthof et al. state that this discrepancy
may be due to a fast hypertrophied, but functionally immature
FRL and performing surgery based on volumetric measures
alone may lead to a high incidence of PHLF.24 Integration of the
complex surgical strategies and preoperative (volumetric and/or
functional) liver tests are paramount to good patient selection.
Therefore, hepatologists, surgeons, radiologists, and nuclear
physicians should work in close collaboration.25,26
Radioembolization

Though radioembolization initially was only considered
a treatment option for patients with primary or secondary liver
tumors in a palliative stage, it is currently emerging as a bridge
to surgery or transplant. Microspheres embedded with the
radio-isotope yttrium-90 (90Y) or holmium-166 (166Ho)
are injected into the hepatic artery, resulting in microsphere
deposition in the tumor arterioles and tumor radiation. How-
ever, part of the microspheres are deposited in normal portal
triads. Inadvertent radiation of the nontarget liver tissue may
lead to radioembolization-induced liver disease (REILD).
REILD is defined as: “a symptomatic post-radioembolization
deterioration in the ability of the liver to maintain its (normal
or pre-procedural) synthetic, excretory, and detoxifying func-
tions. It is characterized by jaundice and the development of,
or increase in, ascites, hyperbilirubinemia, and hypoalbumine-
mia, developing at least 2 weeks to 4 months after radioembo-
lization, in the absence of tumor progression or biliary
obstruction.” And, although the aim of treatment with
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radioembolization is to spare the healthy liver tissue, the
reported incidence of lethal REILD is still up to 5%.27

Currently, eligibility for radioembolization is based on sev-
eral factors, including multiple laboratory values and the
presence of ascites, as proxies for liver function. Although it
is difficult to predict the FRL-F after radioembolization, due
to the heterogeneity of the absorbed dose distribution, HBS
could be used to tailor treatment and retreatments, thus to
avoid REILD.
The literature on the role of HBS in radioembolization is

scarce, only five cases have been described.11,28 In these
cases, a deterioration of the total liver function was seen after
treatment. In two of these cases, only the right liver lobe was
treated and an increase in function of the left liver lobe, as
well as hypertrophy, was seen after treatment.11,28 Figure 5
shows the case of a 74-year-old male with the development
of REILD after right lobar radioembolization.
Naturally, the prediction of the FRL-F before radioemboli-

zation is more difficult than before surgery. Due to heteroge-
neous dose distribution (and resulting liver damage),29,30 the
function decline is not absolute and the treated lobe can
retain function, which is of value in cases without subse-
quent surgery. Regional assessment of liver function before
radioembolization with HBS might be used to adapt treat-
ment strategy in patients with impaired liver function, for
Figure 5 (A, B) Show the axial CT and corresponding fused HB
zation, with a cirrhotic liver with 2 hypervascular HCC lesion
necrosis of the lateral lesion in segment 5 (red arrow), but al
with radioembolization of the right liver lobe. On the fused im
His total liver function declined from 3.0% to 2.4%/min/m2. H
cinoma.
example, to perform sequential lobar treatment instead of
whole liver treatment. A threshold for the remnant function
of the untreated lobe still has to be determined.

Fortunately, several studies on hypertrophy after radioem-
bolization—measured by CT volumetry—exist. Similar to
PVE and ALPPS, radioembolization induces hypertrophy
of the nontreated lobes, with hypertrophy percentages of
26%-47% occurring 44 days until as long as 9 months after
treatment.31 However, hypertrophy generally takes much
more time to occur than after PVE or ALPPS.31-35 A prospec-
tive study on patients undergoing unilobar radioemboliza-
tion for HCC (n = 24) was conducted by Teo et al. to assess
early hypertrophy of the untreated liver lobe. A median
hypertrophy of the untreated lobe of 3% (range: ¡12% to
42%) and 9% (range ¡12% to 179%), at 4-6 weeks and 8-
12 weeks after radioembolization, respectively. There were
no predictive factors for the rate of hypertrophy, nor was a
correlation found between absorbed radiation dose and
hypertrophy rate.32 In another retrospective study the
median degree of hypertrophy was 4.2% (range 0.8%-
12.3%) at 1 month, 7.5% (range 0.4%-25.9%) at 3 months
and 11.5% (range 1.6%-27.3%) at 6 months.36 Moreover,
patients with a baseline Future remnant liver (FLR) of <20%
of the entire volume never reached an FLR volume �40%.36

The latter finding is important for the possible role of
S SPECT/CT images before treatment with radioemboli-
s in segment 5 (“cold spots”) (red arrows). (C, D) Show
so the development of ascites 3 months after treatment
ages a diminished uptake of 99mTc mebrofenin is seen.
BS, hepatobiliary scintigraphy; HCC, hepatocellular car-
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radioembolization as bridge to surgery. Given the unknown
FRL-F in these patients and the poor correlation of FRL-V
and FRL-F in compromised livers, these patients might bene-
fit from HBS instead of volumetry.
Although the hypertrophy rate is less than after PVE or

ALPSS, radioembolization not only induces hypertrophy but
has a simultaneous antitumor effect. A number of patients
will not be operated upon due to tumor progression in the
treated or nontreated lobe. This tumor progression is an
aspect that has received too little attention, but in fact is fairly
common. In the study of Teo et al., 5/24 patients developed
new lesions in the untreated liver lobe.32 Likewise, in the
study of Vouche et al. 17/83 patients developed new lesions
in the left lobe after right radiation lobectomy.37 Nonethe-
less, in a study on PVE 14/63 patients were excluded from
resection due to new lesions or progression in the embolized
lobe. The prolonged interval between radioembolization and
surgery (the so-called “test-of-time,” due to the slower rate of
hypertrophy) compared to PVE might allow us to improve
surgical patient selection by unveiling subclinical FRL metas-
tases and tumors with dismal biological behavior. And in
case of inadequate FLR-hypertrophy after radioembolization,
subsequent PVE remains a possibility.38

Figure 6 shows a case of a patient with colorectal carcinoma
liver metastases. She was treated with radiation lobectomy of
segments 5-8. An increase of the FLR-V was seen, and an
increase of the FLR-F was also confirmed by HBS.
In our center, the value of HBS in radioembolization treat-

ments is evaluated in an ongoing study: the Holmium-166
radioembolization in HCC (HEPAR Primary) study (clinical-
trials.gov identifier NCT03379844). In this study, patients
with HCC are treated with radioembolization using hol-
mium-166 microspheres (QuiremSpheres, Quirem). Before
and after treatment, their liver function is estimated using
HBS with 99mTc mebrofenin.
Limitations
Since IDA follows the bilirubin pathway in the liver, there is
competition with bilirubin. In patients with hyperbilirubine-
mia, receptor uptake can be hampered, leading to subopti-
mal liver function assessment. In patients with
hyperbilirubinemia, HBS may underestimate liver function.39

This also applies for hypoalbuminemia. Since albumin is the
main plasma carrier of IDA, liver function may be underesti-
mated in patients with hypoalbuminemia. In liver disease,
hyperbilirubinemia and hypoalbuminemia are often present,
consistent with the decrease in liver function. Other causes
of hyperbilirubinemia and hypoalbuminemia should be cor-
rected for to be able to produce a representative HIDA
scintigraphy.16

Another limitation of HBS is its diagnostic value in the dif-
ferentiation between allograft rejection after hepatic trans-
plantation and biliary cholestasis. In an evaluation of 36
patients with a total of 76 99mTc DISIDA hepatic scintigra-
phies, a normal uptake was found on HBS in six patients
with rejection.40,41
In selected cases of well-differentiated HCC, the tumor
will show uptake of IDA. Though not a limitation of HBS in
itself, this tumor uptake should be excluded using the
SPECT and anatomical reference CT, as it does not represent
actual functional liver. Figure 7 shows an example of a
patient with an HCC with IDA uptake.
HBS with GSA
99mTc GSA is only commercially available in Japan and a
known alternative for 99mTc mebrofenin in HBS. The level of
the asialoglycoprotein receptor in hepatocyte membranes of
mammals, for which 99mTc GSA has affinity, is decreased in
patients with liver disease. Its accuracy was validated by
comparing it with conventional liver function tests, such as
Child-Pugh classification, cholinesterase level, and ICG clear-
ance (gold standard). ICG clearance rate at 15 minutes and
liver activity at 15 minutes (based on 99mTc GSA scintigra-
phy) were examined by Nanashima et al. in 2003 in 140
patients with or without underlying liver disease who under-
went hepatectomy. The test results were significantly corre-
lated and demonstrated that 99mTc GSA scintigraphy is a
useful tool in indicating hepatectomy and predicting patient
outcome.42

Nishiyama et al. looked at the usefulness of a predictive
residual index (PRI) for 99mTc GSA, as based on dynamic
liver imaging. It turned out that a PRI of 0.4 or higher would
give a low probability of PHLF in liver cancer patients with
both metastatic and primary liver tumors. Furthermore, the
functional liver volume and PRI increased when PVE was
performed before liver surgery.43 This was confirmed by the
study of Nanashima et al., using both CT volumetry and
99mTc GSA scintigraphy.44 However, increase in volume may
not resemble increase in functional liver tissue, as Kono et al.
found no correlation between observed FRL-V and maxi-
mum removal rate of the radiopharmacon in patients who
underwent PVE before liver surgery.45 This emphasizes the
importance of FRL-F.
Future Developments
A newly developed technique is the use of contrast-enhanced
MRI with Gadolinium ethoxybenzyl diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA; Primovist, or Eovist) for the
evaluation of liver function. The pathway of Gd-EOB
through the hepatocytes is identical to the uptake and clear-
ance of IDA agents. The parenchymal enhancement over
time can be used to estimate hepatic function: the contrast
agent is taken up only by the hepatocytes and the increase in
signal intensity of the liver parenchyma can be used to evalu-
ate its integrity.46 Furthermore, MRI offers a high spatial and
temporal resolution. Various studies have shown a high cor-
relation between ICG tests and Gd-EOB-MRI liver function
indices.47,48 A prospective study of Geisel et al. in patients
undergoing PVE showed that Gd-EOB-MRI may be used to
evaluate the functional increase of the FLR.49

ctgov:NCT03379844


Figure 6 Case of a patient with colorectal liver metastases. (A, E) Show CT images of the liver in axial and coronal direc-
tion before radiation lobectomy. (B, F) Show CT images of the liver in axial and coronal direction 3 months after radia-
tion lobectomy. Clear radiation damage (hypodense change of the liver parenchyma on CT) is seen in the treated right
lobe (B). (C, D) Show the HBS images, with an atrophied right liver lobe and increase of function of the left liver lobe
after radiation lobectomy (D). Before radiation lobectomy, the FLR-V (segments 1-4) was 523 cc, with a function of
1.99%/min/m2. The volume of segments 5-8 was 1571 cc, with a function of 6.66%/min/m2. The patient was treated
with an aimed absorbed dose of 120 Gy in segments 5-8 (TheraSphere, BTG). After radiation lobectomy, the FLR-V
increased to 1013 cc with a function of 4.0%/min/m2; note the hypertrophy of the segment 2 and 3 on the coronal CT
reconstruction (E, F). The volume of the treated segments had decreased to 737 cc with a function of 1.2%/min/m2.

Figure 7 (A) Shows the early arterial phase of a contrast-enhanced CT of a patient with a large central HCC. (B) Shows
clear wash-out of the tumor in the late venous phase. In (C), there is heterogeneous uptake of 99mTc mebrofenin in the
tumor.
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Conclusion
Though first described in 1975, only in the last years HBS is
gaining popularity as a tool to evaluate liver function. HBS
outperforms CT volumetry for the prediction of liver failure
following hepatic resections. Its value in other liver directed
therapies is promising, but necessitates further investigation.
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