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Background/aim: Post-Transarterial Chemoembolization (TACE) Liver Failure (LF) is common in patients with
Hepatocellular Carcinoma (HCC). No definitive objective parameters predict its occurrence. We assessed the role
of Indocyanine Green (ICG) in prediction of post-TACE LF. Methods: Consecutive HCC patients with Child A/B
class, categorized as Barcelona Clinic Liver Cancer (BCLC) staging A/B, were included between August 2012 and
July 2014. All underwent ICG dynamics: Plasma Disappearance Rate (PDR) was recorded on the day of TACE.
Area Under Receiver Operator Characteristic Curve (AUROC) of ICG-PDR was compared with existing prog-
nostic scores: Model for End Stage Liver Disease (MELD), MELD-Na and Child-Turcotte-Pugh (CTP) using
Hanley and McNeil method. Results: A total of 43 patients, mean age (�sd) 55.1 � 12.8 years were included; 35
(81.4%) patients were males. Post-TACE LF developed after 17 (28.8%) of 59 procedures. Patients with post-TACE
LF had significantly elevated baseline bilirubin (P = 0.006), alkaline phosphatase (P = 0.040) and prolonged
international normalized ratio (P = 0.004). The median prognostic scores were higher in patients with post-TACE
LF (CTP 7 vs 6; P < 0.001 and MELD 10.5 vs 6.3; P = 0.005). There was no difference in the MELD-Na score. ICG-
PDR values were lower in those patients who developed post-TACE LF (7.4%/min vs 10.6%/min; P = 0.008).
AUROC for ICG-PDR was 0.72 and a cut-off value <9.25%/min predicted the development of post-TACE LF with a
sensitivity, specificity, positive predictive value and negative predictive value of 64.7%, 61.9%, 40.7% and 81.2%,
respectively. There were no differences in the AUROC between ICG-PDR and other prognostic markers (Hanley
and McNeil, P: 0.244–0.900). Conclusion: ICG-PDR performs similar to MELD, MELD-Na and CTP score for
predicting development of post-TACE LF. ( J CLIN EXP HEPATOL 2018;8:28–34)

Hepatocellular Carcinoma (HCC) is an important
cause of mortality across the world.1 A recent
large representative survey from India reported

liver cancer to be the 4th most common cause of cancer-
related deaths in males, and 8th most common cause in
females.2 The incidence of HCC and associated mortality
are increasing across the world, and India is no exception.
Large proportions of patients are diagnosed at intermedi-
ate and advanced stages, and thus cannot undergo curative
treatment.3 In the absence of curative options, Transarterial
Chemoembolization (TACE) is a useful palliative modality,
which improves survival and quality of life in these
patients.

TACE involves intra-arterial infusion of a viscous emul-
sion with lipiodol and chemotherapeutic drug followed by
embolization of blood vessels with gelatin sponge particles
or other embolic agents, resulting in a combined cytotoxic
and ischemic effect on the tumor cells. Optimal patient
selection is important, as the complications associated
with TACE may offset the benefits in life expectancy.
Post-TACE Liver Failure (LF) has been reported in up to
60% of cases.4 However, the reported mortality rates are low
in large series, mainly due to the fact that advanced liver
disease is usually considered as a contraindication for
TACE.5 Advanced liver disease is associated with poorer
outcomes post TACE.6 Hsin et al. reported Child-Turcotte-
Pugh (CTP) class B and gastrointestinal bleeding to be
associated with increased risk of LF after TACE.7 A large
study from Korea reported elevated total bilirubin and
presence of right or main PVT to be associated with LF.8

Indocyanine Green (ICG) is a synthetic dye, which is
eliminated by the liver without extrahepatic metabolism
and excretion. A non-invasive method similar to pulse oxy-
metry assesses the ICG dynamics in the circulation. Plasma
Disappearance Rate (PDR) of ICG has been used as a marker
for assessment of liver function and has been shown to be
useful in predicting the operative risk before hepatectomy,9
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perioperative evaluation of donor liver function,10 predic-
tion of early post operative complications in liver transplant
patients11,12 predicting outcomes in acute LF,13 decompen-
sated hepatitis B cirrhosis14 and assessment of liver function
reserve in critically ill patients.15 Other tests which are used
to assess the severity of underlying liver disease include
CTP,16 Model for End Stage Liver Disease (MELD)17 and
MELD-Na.18 There is presently no data available on the role
of ICG in prediction of post-TACE LF. Therefore, the aim of
the current study was to evaluate the role of ICG as an
objective predictor of development of post-TACE LF, and to
compare it with existing scores.

PATIENTS AND METHODS

Study Design and Patient Selection
In this prospective cohort study, all consecutive patients
diagnosed with HCC undergoing TACE as part of standard
therapy between August 2012 and July 2014 were included.
Inclusion criteria were age more than 18 years, Barcelona
Clinic Liver Cancer staging classification (BCLC) stage A
and B. Exclusion criteria were pregnancy, BCLC stage C
and D, contraindication for ICG (iodine allergy), underly-
ing cardiovascular and respiratory diseases, emergency
TACE for tumor rupture, patients lost to follow-up and
presence of renal failure.

Definitions
Cirrhosis was diagnosed in the presence of typical findings
on imaging, ascites, hypersplenism, esophageal/gastric var-
ices or hepatorenal syndrome.19 HCC was diagnosed on
the basis of typical features on an imaging modality—triple
phase CT or contrast enhanced MRI.5 BCLC staging20 and
performance status were assessed as per the described
criteria.21 Post-TACE LF was defined as occurrence of
any of the following: new onset hepatic encephalopathy,
increase in ascites, or increase in bilirubin >0.9 mg/dl
within 2 weeks of TACE.4 CTP, MELD and MELD-Na
were calculated as described previously.16–18

ICG Estimation
LiMON technology was used to calculate the ICG elimi-
nation rate. This technique involves estimation of ICG
dynamics noninvasively by means of a finger probe (pulse
spectrophotometry). The ICG-PDR was estimated as per
the standard manufacturer's instructions. First, the ICG
(each vial containing 25 mg) was reconstituted with 5 ml
of sterile water. Thereafter, the ICG machine was started
and ICG was injected into the patient's antecubital vein at
a dose of 0.25 mg/kg, once the message ‘‘inject XX mg’’
was displayed on the machine. The intravenous catheter
was flushed with saline solution after injection of the ICG.
ICG-PDR and ICG Retention at 15 min (R15) values dis-
played on the ICG machine were recorded. The ICG

dynamics were assessed on the same day as, and before,
the TACE procedure.

All patients were admitted a day before the procedure.
Super-selective TACE was performed after percutaneous
access through the common femoral artery. The technique
has been described elsewhere.22 During the procedure,
60 mg epirubicin mixed with lipiodol (10 ml if tumor
<5 cm and 20 ml if tumor >5 cm) was injected into the
feeding artery, followed by gel foam embolization. None of
the patients were treated with drug-eluting beads.

Data Collection
All patients underwent blood investigations including a
hemogram, International Normalized Ratio (INR), liver
function tests, kidney function tests, alpha-fetoprotein
and an endoscopy prior to the procedure. The etiological
work up included HBsAg, total anti-HBcAb, Hepatitis B
Virus (HBV) DNA, anti-HCV Ab, Hepatitis C Virus (HCV)
RNA, ANA, anti-LKM1, ASMA, blood sugars, lipid profile
and fasting serum insulin levels. Post-TACE, all patients
were monitored for development of complications includ-
ing local complications, post-TACE syndrome and LF. All
procedural complications were managed as per the stan-
dard management protocols. Post-TACE liver functions,
hemogram and INR estimation was done daily for 5 con-
secutive days. Thereafter, assessment was made at 14 days—
or earlier, as clinically indicated—for development of LF.
Ultrasound was done to assess for the development of
ascites. All TACE procedures were assessed separately.

Statistical Analysis
The normally distributed variables were expressed as mean
� Standard Deviation (sd), and continuous variables with
skewed distribution as median (range). Categorical data was
presented as proportions. The qualitative data were com-
pared using chi-square; quantitative data were compared
with Student's t-tests or Mann–Whitney U test, as required.
The Receiver Operating Characteristic (ROC) curves were
plotted for ICG-PDR, CTP, MELD and MELD-Na with LF
as outcome. The sensitivity, specificity, positive predictive
value, negative predictive value and likelihood ratios were
calculated. The comparison of Area Under ROC Curve
(AUROC) was performed using the Hanley and McNeil
method. P value of <0.05 was considered statistically signif-
icant. The relationship between ICG-PDR and other vari-
ables was assessed using Pearson's correlation coefficient.
The data was analyzed using IBM SPSS Statistics software
(version 20.0, Chicago, IL, USA), and MedCalc software
(version 15.11.4, MedCalc Software, Ostend, Belgium).

RESULTS

A total of 51 patients underwent 72 sessions of TACE
during the study period. Of these, 43 patients were
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included in the study (total of 59 sessions of TACE); 8
patients were excluded: 4 patients had portal vein branch
thrombosis, 3 patients were lost to follow-up and 1 patient
underwent emergency TACE for tumor rupture.

Demography and Clinical Presentation
The mean age of patients was 55.1 � 12.8 years and
35 (81.4%) were males. All patients had underlying cirrho-
sis. The commonest etiology of cirrhosis was hepatitis B
virus in 19 (44.2%), followed by hepatitis C virus in 11
(25.6%), non-alcoholic steatohepatitis and alcohol in 4
(9.3%) each, combined HBV and alcohol in 3 (7.0%), co-
infection (with HBV and HCV) and cryptogenic in 1 (2.3%)
patient each. The most common clinical symptoms were
pain abdomen in 46.5%, weight loss in 44.2% and fever in
16.3% (Table 1).

Child Class and Tumor Characteristics
Twenty four (55.8%) patients were Child A and 19 (44.2%)
were Child B class. Single lesion was present in 21 (48.5%),
2–4 lesions in 6 (14.7%) and �5 in 16 (37.2%). The mean
size � sd of largest lesion was 5.9 � 4.4 cm.

Predictors of Post-TACE LF
Of the 43 patients, 30 (69.7%) patients were BCLC stage B
and 13 (30.2%) were BCLC stage A. Post-TACE syndrome
developed after 46 (78.0%) out of the 59 sessions of TACE.
Post-TACE LF developed after 17 (28.8%) out of the 59
sessions of TACE. None of the patients died post proce-
dure. Patients with post-TACE LF had higher bilirubin
(P = 0.006), alkaline phosphatase (P = 0.040) and pro-
longed prothrombin time (P = 0.004). Similarly, as
expected, CTP score (P < 0.001) and MELD score
(P = 0.005) were higher in patients with post-TACE LF,
whereas there was no difference in the MELD-Na score.
The median ICG-PDR was significantly lower in patients
with post-TACE LF (7.4 vs 10.6, P = 0.008). As expected, the
median ICG-R15 was higher in post-TACE LF (33.0 vs 21.4,
P = 0.008). Fifteen out of the 17 episodes of post-TACE LF
occurred in Child class B patients and remaining 2 epi-
sodes in Child class A patients. There were no differences in
age, sex, etiology, hemoglobin, total leukocyte count,
serum creatinine, sodium, potassium, albumin, aspartate
aminotransferase, alanine aminotransferase and alpha-
fetoprotein levels (Table 2). Also, there were no differences
in the number and size of the lesions between the 2 groups.
Post-TACE LF was seen to be more frequently associated
with post-TACE syndrome (P = 0.084). Sixteen episodes of
post-TACE LF occurred in patients who had developed
post-TACE syndrome (n = 46), while only one episode
occurred in a patient who did not experience post-TACE
syndrome (n = 13). A significant rise in bilirubin occurred
in patients who developed post-TACE LF (n = 17)—the
median bilirubin (IQR) increased from 1.4 (0.9–2.5) to

2.5 (1.2–3.8), P < 0.001, and 13/17 (76.4%) had increase
in ascites, but none developed hepatic encephalopathy.

Prediction of Post-TACE LF with ICG and
Other Prognostic Scores
The area under the ROC curve for ICG-PDR as a predictor
of post-TACE LF was 0.721 (0.589–0.830). A cut off value

Table 1 Baseline Demographic, Clinical Presentation and
Laboratory Parameter of HCC Patients Managed with TACE
(n = 43).

Parameter Value

Age (years), mean � sd 55.1 � 12.8

Sex (M:F) 35:8

Etiology

HBV 19 (44.2%)

HCV 11 (25.6%)

NASH 4 (9.3%)

Alcohol 4 (9.3%)

HBV and alcohol 3 (7.0%)

HBV and HCV co-infection 1 (2.3%)

Cryptogenic 1 (2.3%)

Clinical presentation

Abdominal pain 20 (46.5%)

Weight loss 19 (44.2%)

Fever 7 (16.3%)

Bilirubin (mg/dl) 1.5 (1.0–2.5)

AST (IU/L) 161 (92–254)

ALT (IU/L) 107 (59–176)

Albumin (g/dl) 3.4 (2.9–3.8)

Alkaline phosphatase (IU/L) 285 (220–421)

Sodium (mEq/L) 134 (132–138)

Potassium (mEq/L) 4.1 (3.7–4.5)

Hemoglobin (g/dl) 10.8 (9.6–12.0)

Total leukocyte count (per mm3) 7500 (5100–9900)

Platelet count (�103 per mm3) 120 (80–148)

Creatinine (mg/dl) 0.9 (0.7–1.0)

Alpha-fetoprotein (ng/ml) 19.1 (5.2–387)

INR 1.3 (1.2–1.4)

CTP score 6 (5–7)

MELD 7.4 (5.4–11.2)

MELD-Na 12.6 (9.2–15.5)

ICG-PDR (%/min) 9.7 (6.7–12.5)

ICG-R15 (%) 23.3 (15.2–36.6)

All values are expressed as n (%) or median (IQR) unless otherwise
specified. Abbreviations: HBV, Hepatitis B Virus; HCV, Hepatitis C Virus;
NASH, Non-Alcoholic Steatohepatitis; AST, Aspartate Aminotransferase;
ALT, Alanine Aminotransferase; INR, International Normalized Ratio;
CTP, Child-Turcotte-Pugh; MELD, model for end stage liver disease;
MELD-Na, model for end stage liver disease-sodium; ICG-PDR, indocya-
nine green-plasma disappearance rate.
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of 9.25 predicted the development of LF with a sensitivity
of 64.3%, specificity 64.7%, positive predictive value 42.31%,
negative predictive value 81.82%, likelihood ratio (+) 1.81
and likelihood ratio (�) 0.55 (Figure 1). The details of the
other prognostic scores are shown in Table 3. No signifi-
cant differences in AUROC were observed on comparison
of ICG-PDR with other prognostic scores like MELD,
MELD-Na and CTP (Hanley and McNeil P value 0.244–
0.900). The Pearson correlation coefficient of ICG-PDR

with CTP was �0.552, P < 0.001, with MELD �0.388,
P = 0.002 and MELD-Na was �0.107, P = 0.418.

DISCUSSION

Post-TACE LF occurs commonly in HCC patients. The
questions of essence are—which patients are at risk of
deterioration and what factors predict the development
of LF post procedure? There is no single objective

Table 2 Comparison of Demographic Profile and Laboratory Parameters of Patients With and Without Post-TACE Liver Failure.

Parameter Post TACE liver failure P value

Present (n = 17) Absent (n = 42)

Age (years), mean � sd 49.1 � 11.4 54.5 � 13.3 0.142

Sex (M:F) 15:2 35:7 1.0

Etiology 0.322

HBV 7 (41.2%) 24 (57.1%)

HCV 7 (41.2%) 7 (16.7%)

NASH 1 (5.9%) 3 (7.1%)

Alcohol 2 (11.8%) 2 (4.8%)

HBV and alcohol 0 4 (9.5%)

HBV and HCV co-infection 0 1 (2.4%)

Cryptogenic 0 1 (2.4%)

Clinical presentation

Abdominal pain 9 (52.9%) 21 (50.0%) 1.0

Weight loss 6 (35.3%) 20 (47.6%) 0.563

Fever 6 (35.3%) 5 (11.9%) 0.062

Bilirubin (mg/dl) 1.4 (1.0–2.5) 0.9 (0.6–1.3) 0.006

AST (IU/L) 62 (49–122) 55 (35.5–89) 0.388

ALT (IU/L) 33 (21–81) 43.5 (24.7–62) 0.586

Albumin (g/dl) 3.6 (3.1–3.7) 3.7 (3.3–4.3) 0.109

Alkaline phosphatase (IU/L) 461 (300–482) 290 (207–416) 0.040

Sodium (mEq/L) 137 (135–140.5) 137.5 (134–140) 0.980

Potassium (mEq/L) 4.4 (3.2–4.8) 4.0 (3.6–4.5) 0.574

Hemoglobin (g/dl) 10.8 (9.1–12.2) 11.6 (10.6–12.6) 0.238

Total leukocyte count (per mm3) 4300 (2400–7200) 5700 (4350–7425) 0.186

Platelet count (�103 per mm3) 97 (50–160) 130 (76.7–171.2) 0.389

Creatinine (mg/dl) 0.9 (0.7–1.1) 0.8 (0.7–1.0) 0.794

Alpha-fetoprotein (ng/ml) 164 (8.1–2290) 78.5 (8.1–714.7) 0.586

INR 1.4 (1.3–1.5) 1.3 (1.2–1.4) 0.004

CTP score 7 (7–7.5) 6 (5–7) <0.001

MELD 10.5 (7.4–13.8) 6.3 (4.9–10.4) 0.005

MELD-Na 13.7 (12.1–16.5) 12.5 (8.8–15.0) 0.141

ICG-PDR (%/min) 7.4 (4.8–10.7) 10.6 (7.5–15.3) 0.008

ICG-R15 (%) 33.0 (20.3–48.7) 21.4 (10.3–32.6) 0.008

Abbreviations: HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; NASH, non-alcoholic steatohepatitis; AST, aspartate aminotransferase; ALT, alanine
transaminase; INR, international normalized ratio; CTP, Child-Turcotte-Pugh; MELD, model for end stage liver disease; MELD-Na, model for end stage
liver disease-sodium; ICG-PDR, indocyanine green-plasma disappearance rate.
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parameter to accurately predict the development of this
complication. In this study, we evaluated the utility of ICG-
PDR in predicting post-TACE LF in patients with HCC. We
found a fair overall accuracy of ICG-PDR in predicting this
outcome.

ICG is a synthetic dye, which is exclusively removed by
the liver and excreted in the bile. It is not absorbed in the
intestine and is excreted unchanged with no enterohepatic
recirculation. This property makes it an ideal agent for
assessment of liver reserve. ICG measured by pulse dye
densitometry (LiMON) correlates well with the blood sam-
ple estimation.23 ICG-PDR is defined as the change of ICG
concentration over time (in percent per minute), and this
reflects the amount of the dye which is eliminated as a
percent of the initial value. The normal range of ICG-PDR
is between 18% and 25%/min. ICG has been shown to be of
use in predicting operative risk before hepatectomy,9 peri-
operative evaluation of donor liver function,10 prediction

of early post operative complications in liver transplant
patients,11,12 predicting outcomes in acute LF13 and
patients with decompensated cirrhosis14 and assessment
of liver function reserve in critically ill patients.15 ICG-PDR
predicted post-TACE LF with low sensitivity (64.7%) and
specificity (61.9%). An important observation was a high
negative predictive value, suggesting that most patients
with ICG-PDR value above 9.25% do not develop post-
TACE LF (82% of our cases). The AUROC for ICG-PDR was
0.72, suggesting a fair accuracy in predicting LF. A prior
study in patients with acute LF reported PDR �6.3%/min
to predict the outcome with a sensitivity and specificity of
85.7% and 88.9%, respectively. On a linear scale the lower
the value of PDR worse the underlying liver functional
status. The lower PDR in acute LF is expected due to the
underlying massive necrosis which occurs, whereas there
are still functional hepatocytes in cirrhosis. It fared similar
to the existing prognostic scores which are used for triag-
ing patients at risk for developing post-TACE LF. More-
over, the liver damage grade classification proposed by the
Liver Cancer Study Group of Japan (LCSGJ) includes
ICGR-15, instead of hepatic encephalopathy.24 Rest of
the parameters are similar to Child–Pugh scoring system.
This scoring system has been shown to be useful in assess-
ing the functional reserve capacity of liver in patients
undergoing surgery. The advantages of ICG-PDR include
objectivity of results and ease in measurement using the
pulse oxymetry technique.

Post-TACE survival rates at 1, 3, 5 and 7 years have been
reported as 82%, 47%, 26% and 16%, respectively. The
reported mortality after the initial TACE procedure is
low (0.5%).6 The incidence of post-TACE LF is variable
and has been reported in up to 60% of patients.4 In our
cohort, although the number of patients was small with
relatively short follow-up, there was no post-TACE mor-
tality. The mortality and morbidity associated with post-
TACE complications like LF can be reduced by appropriate

Figure 1 Receiver operating characteristic (ROC) curves of various
prognostic parameters for prediction of post-TACE liver failure. The
AUROC for MELD (0.73), MELD-Na (0.62), CTP (0.80) and ICG-PDR
(0.72); Hanley and McNeil P value 0.244–0.900.

Table 3 Area Under Curve, Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value for MELD, MELD-Na, CTP
and ICG-PDR for Predicting Development of Liver Failure.

Parameter (cut-off) AUROC Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LRS
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

MELD (>8.6) .73 64.7 69.0 45.8 82.8 2.09 (1.18–3.70) 0.51 (0.26–1.0)
(.59–.86) (38.3–85.8) (52.9–82.4) (25.5–67.2) (66.3–93.4)

MELD-Na (>12.9) .62 58.8 57.1 35.7 77.4 1.37 (0.81–2.33) 0.72 (0.39–1.35)
(.47–.77) (32.9–81.5) (40.9–72.3) (18.6–55.9) (58.9–90.4)

CTP (>6) .80 82.3 73.8 56.0 91.1 3.14 (1.81–5.47) 0.24 (0.08–0.68)
(.68–.92) (56.6–96.2) (57.9–86.1) (34.9–75.6) (76.3–98.1)

ICG-PDR (<9.25%/min) .72 64.7 61.9 40.7 81.2 1.70 (1.01–2.86) 0.57 (0.29–1.13)
(.57–.86) (38.3–85.8) (45.6–76.4) (22.4–61.2) (63.6–92.8)

Abbreviations: MELD, Model for End Stage Liver Disease; MELD-Na, Model for End Stage Liver Disease-Sodium; CTP, Child-Turcotte-Pugh; ICG-PDR,
Indocyanine Green-Plasma Disappearance rate.
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patient selection, especially in high-risk patients. The risk
factors include portal vein thrombosis, high levels of aspar-
tate aminotransferase, bilirubin, and alpha-fetoprotein,
low albumin and sodium, high dosage of cisplatin,
advanced stage of cirrhosis.8,25,26 We found bilirubin,
INR, phosphatase levels to be associated with development
of post-TACE LF (Table 2). In our study, the incidence of
post-TACE LF was relatively low (28.8%) as compared to
previous studies. This is possibly in part due to the fact
that we excluded patients who are at high risk of compli-
cations i.e. patients with BCLC C (those with portal vein
thrombosis) and D. Despite this, the frequency of LF was
significant. Hence, there is a need for additional tests to
predict outcome and triage patients effectively.

Our results indicate that ICG-PDR fairs similar to
MELD and CTP scores in the prediction of LF (Table 3,
Figure 1). Various quantitative liver function tests have
been developed to assess the functional capacity of the
liver, though not often used in routine day-to-day practice.
These include galactose elimination capacity, caffeine
clearance, Monoethylglycinexylidide (MEGX) and amino-
pyrine breath test. Among these, ICG holds promise for
assessing liver function non-invasively in a clinical setup.

The present study has certain limitations, the most
important of which is the small sample size. This study
was exploratory to assess the role of ICG in predicting post-
TACE LF. These results need to be validated at other
centers. Also, we chose a select population of Child class
A and B patients, who are at lower risk of development of
LF. Post-TACE LF may also arise due to technical issues
such as non-target embolization during TACE, which we
could not account for. Future studies should include
patients with Child B to assess the utility of ICG in
predicting post-TACE LF. Third, while we assessed ICG
at baseline, a serial assessment would probably be more
beneficial in assessing the dynamic changes occurring
post-TACE, and this needs to be assessed in prospectively
designed studies.

In conclusion, patients with advanced liver disease and
CTP class B are more predisposed to develop post-TACE
LF. ICG performs similar to MELD and CTP for predicting
post-TACE LF.
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