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Correlation of baseline Portal pressure (hepatic
venous pressure gradient) and Indocyanine Green

Clearance Test With Post-transarterial
Chemoembolization Acute Hepatic Failure
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Background: Liver failure (LF) is a serious complicationof transarterial chemoembolization (TACE) inpatientswith
hepatocellular carcinoma (HCC). This couldbe influencedby thehemodynamic and functional status of theunder-
lying cirrhotic liver.We evaluated baseline hepatic venous pressure gradient (HVPG) and indocyanine green (ICG)
clearance as predictive factors for the development of LF inpatientswith liver cirrhosis undergoingTACE forHCC.
Methods: Forty-two patients with cirrhosis and HCC, referred for TACE, were clinically evaluated including the
assessment of Child Turcotte Pugh score (CTP), Model for End-Stage Liver Disease (MELD),
HVPGmeasurement, and ICG retention test. Predictors of development of hepatic failure after TACE were deter-
mined. Results: In our study population, the mean age of the patients was 58 years, with mean CTP of 6.60 ± 1.149
and mean MELD score of 9.57 ± 2.923. The mean HVPG and ICG retention at 15 min was 13.57 ± 4.64 mmHg and
21.571 ± 12.434, respectively. Post-TACE Liver Failure (PTLF within 1 month after TACE) developed in 23.80% pa-
tients, whereas 76.19% patients did not have PTLF. The statistically significant preprocedure variables that might
predict hepatic failure after TACE using univariate analysis were found to be high CTP, MELD score, ICG
retention, HVPG, serum bilirubin, serum creatinine, alfa-fetoprotein levels, large tumor size, and low baseline
serum albumin. On multivariate analysis, ICG was an independent factor predictive of hepatic failure after
TACE. Conclusion: Pretreatment evaluation of routine liver function is of fundamental importance before
TACE. Baseline ICG retention test (ICG-R15) is a marker indicating the state of liver function in patients un-
dergoing TACE and is an independent predictor for PTLF. Our study concludes that with a cutoff of 25,
ICG-R15 has 92.9% accuracy, 90% sensitivity, and 87.5% specificity to predict hepatic failure after TACE. ( J
CLIN EXP HEPATOL 2019;9:447–452)
Hepatocellular carcinoma (HCC) is being increas-
ingly diagnosed at earlier stages, with advances
in imaging technologies; hence, many treatment

options such as liver transplantation, resection, and percu-
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taneous ablation are available. Liver transplantation is
the best curative option forHCC;however, it has limitations
such as availability of donors. Resection is possible in only
up to 10–20% of cases because of associated comorbidities
and advanced cirrhosis. HCC has many options for inter-
ventional management; some of them are complicated by
development of portal hypertension (PHT).1

Percutaneous ablation remains the only curative op-
tion for this large group of patients with Child's A and
B cirrhosis and single nodular–type HCC <5 cm or <3
HCC lesions, each smaller than 3 cm, not amenable to
resection or transplantation, and RFA is one of the
most popular local ablative therapies for inoperable
HCC. Clinical implications of percutaneous radiofre-
quency ablation (RFA) in the treatment of early-stage
HCC have expanded, and currently, RFA is recognized
as a curative modality for early-stage HCC whose out-
comes of which are comparable with those of surgery,
as evidenced by many studies.2
vier B.V. All rights reserved.
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TACE is used widely in the treatment of unresectable
HCC and for those who are not suitable for management
by RFA. Lipiodol and gelatin sponge particles are
commonly used embolic materials for TACE.3 An impor-
tant event in patients with liver cirrhosis is the presence
of portal hypertension (PHT), which is defined by an in-
crease in the portal pressure above 5 mmHg, as measured
by the hepatic vein pressure gradient (HVPG). PHT is
considered clinically significant when the HVPG is more
than 10 mmHg. This pressure is likely to be associated
with the development of complications, such as ascites,
varices, and hepatic encephalopathy. PHT may acutely in-
crease the following procedures such as TACE for HCC,
which adds to complications after these methods of inter-
vention.1,4 TACE can influence portal pressure by
increasing portal blood flow compensatory to reduction
of arterial blood flow after embolization. In fact,
increased arterial inflow from the left gastric artery into
esophageal varices has been reported.4 TACE could also
inflict severe endothelial dysfunction in hepatic vascula-
ture due to the post-TACE ischemia and resultant increase
in the vascular tone.4 The increase of portal blood flow af-
ter TACE could also add to the rapid increase in variceal
pressure.4

The outcome of cirrhotic patients with HCC could be
influenced by the severity of PTH and HVPG. The correla-
tion between portal hemodynamics and the risk of variceal
hemorrhage in PTH is well described.5 In patients with
cirrhosis and HCC, a rapid rise in portal pressure could
lead to rapid decompensation in the form of ascites, vari-
ceal bleed, or liver failure (LF). In fact, patients with
HVPG greater than 10 mmHg are not considered suitable
for hepatic resection because of increased risk of postoper-
ative clinical decompensation. Whether the same context is
applicable for patients undergoing TACE is not well stud-
ied.

Dynamic tests to evaluate liver function measure the
clearance of tracer substances and provide considerably
more information than static tests. Indocyanine green
(ICG) is a synthetic dye that is eliminated by the liver
without extrahepatic metabolism and excretion, and its
blood clearance has been used to determine the operative
risk before hepatectomy6 and to evaluate donor liver func-
tion in transplantation.7,8 LF after resection has a poor
prognosis and is a major complication. Insufficient
reserve in the residual parenchyma leads to a reduced
liver function, lack of ability to regenerate, and
occurrence of LF.6 Similar to the role of ICG in surgical pa-
tients, pre-TACE assessment of liver function by ICG test
may be most beneficial in the routine stratification of
risk, thus enabling both patient consent to be obtained
and TACE procedure to be performed, with prior under-
standing of risk of post-TACE liver failure (PTLF). ICG
clearance test has also been found to be useful for assess-
ment of prognosis of patients with cirrhosis.9 As 80% of pa-
448 © 2018 Indian National Associa
tients with HCC have liver cirrhosis, there is an important
role of ICG in prognostication of patients with HCC un-
dergoing TACE procedure.

We investigated the influence, if any, of the baseline
HVPG and ICG clearance on the development of PTLF.
MATERIALS AND METHODS

Study population
Between January 2016 and April 2017, 42 patients with
cirrhosis and HCC, who were referred for TACE, were
included in this study. Patients with liver cirrhosis andmul-
tinodular HCC or those with liver cirrhosis and solitary
HCC greater than 3 cm were included in this study. The
exclusion criteria were as follows: patients younger than 18
years and those older than 75 years, poor performance sta-
tus, Child–Pugh score of more than 9, refractory ascites/he-
patic encephalopathy/main portal vein thrombosis as well
as branch portal vein thrombosis (these patients have
already compromised hepatic function), cardiomyopathy
(chemotherapeutic drugs used in TACE may further cause
cardiomyopathy and precipitate cardiac failure), and extra-
hepatic disease (Barcelona Clinic Liver Cancer [BCLC] algo-
rithm), pregnant females, and those with a history of allergy
to dyes or iodides (ICG injection).

The diagnosis of HCC was either based on pathological
confirmation or on the basis of typical imaging findings,
i.e. if the lesion demonstrates characteristic features of he-
patocellular carcinoma—that is, arterial phase hyperen-
hancement and portal venous or delayed phase
washout.10 Treatment decision in these patients was
made according to the BCLC staging algorithm.

Every patient was evaluated with assessment of CTP and
MELD score at baseline and in addition underwent upper
gastrointestinal endoscopy, hepatic vein pressure
gradient (HVPG) measurement, and ICG retention test.
Although the outcome of cirrhotic patients with HCC
could be influenced by the severity of PTH and liver func-
tion as indicated by HVPG or ICG retention, there was no
exclusion based onHVPGmeasurement and ICG retention
test in our study, i.e. patients with any degree of portal hy-
pertension based on HVPG measurements and patients
with poor liver function as indicated by ICG clearance
test were included, provided Child–Pugh score was less
than 9.

ICG clearance test
A solution of commercially available ICG (Aurogreen from
Aurolab, Madurai, India) was prepared by diluting the dye
in distilled water to a final concentration of 5 mg/ml. A
bolus injection of 0.5 mg/kg of ICG solution was injected
to the patients through a peripherally placed venous
cannula. After injection, venous blood samples were
collected at 15 min. The concentration was measured
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 1 Baseline Characteristics of Study Subjects (n = 42).

Variable Baseline (mean ± SD)

Age (years) 58.71 � 11.226

Sex

M 35 (83.3%)

F 7 (16.7%)

Etiology of cirrhosis (n, %)

Chronic viral hepatitis 17 (40.5%)

Ethanol 15 (35.7%)

NASH 06 (14.3%)

Cryptogenic 04 (9.5%)

Mean Child score 6.60 � 1.149

Mean MELD Score 9.57 � 2.923

Hemoglobin (g/dl) 11.633 � 2.173

Serum bilirubin (mg/dl) 1.783 � 1.128

SGOT (IU/L) 70.05 � 49.568

SGPT (IU/L) 44.40 � 22.157

Serum albumin (g/dl) 3.231 � 0.508

INR 1.095 � 0.215

AFP (ng/ml) 53.277 � 45.803
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photometrically at 805 nm using a spectrophotometer
(Beckmann Coulter DU 640). The dye clearance was
measured as a product of volume of distribution and elim-
ination rate. ICG concentration in the plasma was calcu-
lated at 15 min after injection to calculate the retention
of ICG at 15 min, i.e. ICG-R15.

The study was approved by the scientific review board
and institutional review board (IRB). Patient consent was
not required for this retrospective study.

Data collection
Baseline demographic information, laboratory measure-
ments, radiological tumor assessment, and clinical infor-
mation were recorded. The tumor assessments included
the number and tumor size. According to the Common
Terminology Criteria for Adverse Events V.3.0, it is recom-
mended to assess TACE-related adverse events 4 weeks af-
ter the procedure. In this study, we recorded occurrence of
PTLF in patients within 1 month after TACE. PTLF was
defined as elevation of serum bilirubin three times the
baseline or elevation of serum glutamic oxaloacetic trans-
aminase (SGOT)/serum glutamic pyruvic transaminase
(SGPT) five times the baseline values occurring within 1
month of TACE.11
Serum creatinine (mg/dl) 0.765 � 0.147

Mean maximum tumor size (cm) 5.893 � 4.410

Number Of HCC 1.12 � 0.328

BCLC stage (n, %)

A 1 (2.39%)

B 34 (80.95%)

C 7 (16.67%)

HVPG (mmHg) 13.57 � 4.644

ICG (R15) 21.571 � 12.434

Esophageal varices (n, %)

Absent 16 (38.09%)

Grade I 10 (23.80%)

Grade II 16 (38.09%)

AFP, Alpha-fetoprotein; MELD, Model for End-Stage Liver Disease; HCC,
hepatocellular carcinoma; ICG, indocyanine green; BCLC, Barcelona
Clinic Liver Cancer.
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Statistical analysis
The statistical results are presented as the
mean � standard deviation or percentages. Continuous
variables were compared parametrically using Student's
t-test or nonparametrically using the Mann–Whitney U-
test.

Univariate and multivariate logistic regression
analyses were performed to determine the variables associ-
ated with the development of acute hepatic failure after
TACE. A two-sided P value < 0.05 was considered statisti-
cally significant. Statistical analyses were conducted using
the SPSS software.

RESULT

A total of 42 patients with liver cirrhosis and HCC were
included in this study who underwent TACE according
to BCLC staging (Table 1). The mean age of the patients
was 58.71 � 11.226 years, with male (83.3%) dominance.
The most common etiology for liver cirrhosis was chronic
viral hepatitis (40.5%), followed by ethanol-related chronic
liver disease (35.7%) and nonalcoholic steatohepatitis
(14.3%). The mean Child–Pugh score was 6.60 � 1.149,
and the mean MELD score was 9.57 � 2.923 in our study
population. The mean portal pressure as determined by
HVPG was 13.57 � 4.64 mmHg. Endoscopy revealed
the absence of varices in 16 patients, presence of grade I
varices in 10 patients, and presence of grade II varices in
16 patients. The mean ICG retention at 15 min in our
Journal of Clinical and Experimental Hepatology | July–August 2019 | Vol. 9
study patients was 21.571 � 12.434. ICG-R15 is a ratio be-
tween ICG concentration 15 min after injection and initial
concentration and hence does not have any units.

PTLF (within 1 month after TACE) developed in 10
(23.80%) patients (group 1). Thirty-two (76.19%) patients
did not have PTLF (group 2).

Univariate analysis
Univariate analysis was performed to compare the two
groups (patients with and without hepatic failure) for
the different preprocedure variables that might predict
| No. 4 | 447–452 449
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acute hepatic failure after TACE. There were 10 patients in
the PTLF group (group 1) and 32, in the group without he-
patic failure (group 2). Mean Child score was higher in
group 1 (7.7� 1.252) than in group 2 (6.25� 0.880), which
was found to be statistically significant, P = 0.004. We
found that the mean MELD score was significantly higher
in group 1 (13.40 � 2.757) than in group 2 (8.38 � 1.699),
P = 0.006. In group 1, mean serum albumin levels were
significantly lower (2.640 � 0.395) than in group 2
(3.416 � 0.386), P = 0.001. Similarly, as shown in Table
2, mean tumor size, serum bilirubin, serum creatinine,
and alfa-fetoprotein levels in group 1 were found to be
significantly higher than in group 2 (table 2). Mean ICG
retention in the group of patients developing acute hepatic
failure was found to be higher (38.950 � 6.698) than in
the group of patients not developing acute hepatic failure
after TACE (18.48 � 8.37), and this was statistically signif-
icant, P = 0.002. Portal pressure as determined by HVPG in
group 1 was significantly higher than that in group 2
(16.50 � 4.275 vs 12.66 � 4.426, P = 0.035). There was
no significant difference (P > 0.05) between group 1 and
group 2 with regard to age, mean hemoglobin level, serum
bilirubin, SGOT, SGPT, international normalized ratio
(INR), and the number of tumors (Table 2).

Multivariate analysis
From the univariate analysis, Child score, MELD score,
serum bilirubin, serum albumin, alfa-fetoprotein, serum
creatinine, mean tumor size, HVPG, and ICG retention
Table 2 Univariate Analysis of Risk Factors for PTLF After TACE.

Variable Patients with hepatic failure
(n = 10, mean ± SD

Patients
(n =

Age (years) 63.20 � 11.429 57.31 �
Mean Child score 7.70 � 1.252 6.25 � 0

Mean MELD score 13.40 � 2.757 8.38 � 1

Hb (g/dl) 11.960 � 2.453 11.960 �
Serum bilirubin (mg/dl) 3.240 � 1.070 1.328 �
SGOT (IU/L) 68.90 � 22.268 70.41 �
SGPT (IU/L) 52.40 � 23.448 41.91 �
Serum albumin (g/dl) 2.640 � 0.395 3.416 �
INR 1.014 � 0.082 1.120 �
AFP (ng/ml) 110.023 � 39.033 35.544 �
Serum creatinine (mg/dl) 0.853 � 0.098 0.738 �
Mean tumor size (cm) 11.790 � 4.420 4.050 �
Number Of HCC lesions 1.20 � 0.422 1.09 � 0

HVPG (mm Hg) 16.50 � 4.275 12.66 �
ICG (R15) 38.950 � 6.698 18.48 �
CI, confidence interval; MELD, Model for End-Stage Liver Disease; HCC, hep
docyanine green; OR, odds ratio; PTLF, post-TACE liver failure.

450 © 2018 Indian National Associa
were statistically significant factors predictive of acutehepat-
ic failure.Of these,MELDscore, serumalbumin,HVPG, and
ICG were analyzed by stepwise binary logistic regression
multivariate analysis. Other variables were not included in
multivariate analysis as they reduced the statistical signifi-
cance of other significant variables due to indirect interde-
pendence. On multivariate analysis, ICG (P value =
0.002 at 95% confidence interval [CI]) was the only statisti-
cally significant independent factor predictive of PTLF
with an odds ratio (OR) of 1.339 (Table 3).

Receiver operating characteristic (ROC) curve for
ICG-R15 for the prediction of post-TACE hepatic failure:
ROC was performed for ICG-R15 normalized to the group
of patients with PTLF (group 1, n = 10) and the group
of patients without hepatic failure (group 2, n = 32).
The area under the curve (AUC) for ICG-R15 is 0.972,
with a P value 0.002 (Figure 1).
DISCUSSION

A total of 42 patients with liver cirrhosis and inoperable
nonmetastatic hepatocellular carcinoma were included in
this study who received TACE according to their BCLC
stage. We tried to predict risk factors for postprocedure
acute hepatic failure based on routine laboratory tests,
ICG retention at 15 min (ICG-R15), and portal pressure
(as determined by HVPG) available at baseline. In
this study, post-TACE acute hepatic failure was defined
as an elevation of serum bilirubin three times the baseline
without hepatic failure
32, mean ± SD

P value OR 95% CI

10.965 0.155 1.057 0.979–1.140

.880 0.004 4.350 1.595–11.862

.699 0.006 3.017 1.362–6.684

2.453 0.583 1.100 0.782–1.547

0.672 0.001 8.340 2.325–29.917

55.723 0.932 0.999 0.985–1.014

21.508 0.196 1.021 0.989–1.055

0.386 0.005 0.002 0.000–0.150

0.238 0.075 0.000 0.000–2.842

31.128 0.003 1.062 1.021–1.104

0.150 0.040 1.314 �0.218–0.0119

2.309 0.001 1.754 1.248–2.464

.296 0.376 2.417 0.343–17.036

4.426 0.035 1.251 1.016–1.541

8.37 0.002 1.448 1.117–1.006

atocellular carcinoma; HVPG, hepatic venous pressure gradient; ICG, in-

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 3 Stepwise Logistic Regression Multivariate Analysis
of the Statistically Significant Variable of the Univariate
Analysis.

Variable P value OR 95% CI

ICG 0.002 1.339 1.117–1.606

CI, confidence interval; ICG, indocyanine green; OR, odds ratio.

Figure 1 Receiver operating characteristic (ROC) curve for ICG-R15 for
the prediction of post-TACE hepatic failure. Area under the curve (AUC)
for ICG-R15 is 0.972 with a P value 0.002.
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or elevation of SGOT/SGPT five times the baseline values
observed within one month after TACE.

Significantly higher proportion of patients developing
acute hepatic failure after TACE in our study population
had lower mean serum albumin level (2.640 g/dl � 0.395
in group 1 vs 3.416 g/dl � 0.385 in group 2, P = 0.005),
higher Child–Pugh score (7.70 � 1.252 in group
1 vs 6.25 � 0.880 in group 2, P = 0.004), and higher
MELD score (13.40 � 2.757 in group 1 vs 8.38 � 1.699
in group 2, P = 0.006). This is consistent with most of
the previously published literature including two recent
prospective studies showing the role of lower serum albu-
min in predicting acute decompensation/failure after
TACE (3.416 g/dl � 0.386 vs 2.640 g/dl � 0.395, P =
0.033 at 95% CI, OR = 0.31, Mohamed A S Kohla et al
and 3.6 g/dl Vs 3.35 g/dl, P = 0.028 and OR = 0.547,
Yang Won Min et al).12,13 The MELD score is a
composite index that is dependent on serum creatinine,
serum bilirubin, and INR. This is reflected in our study
as patients in group 1 had higher mean serum bilirubin
and serum creatinine.
Journal of Clinical and Experimental Hepatology | July–August 2019 | Vol. 9
In a study, larger tumors (mean tumor size) and multi-
ple tumors (higher tumor burden) were associated with
poorer outcome after TACE14 (P = 0.004 at 95% CI and
OR = 4.45). Another study found no association of post-
procedure hepatic decompensation with tumor size12 (P
< 0.687); however, in our study, we found larger tumor
size in the group of patients developing post-TACE acute
hepatic failure (11.790 cm � 4.420 vs 4.050 cm � 2.309,
P = 0.001). Although the dose of embolizing agents was
not measured in our study, it is likely that higher dosages
were used in larger tumors, and therefore, greater ischemia
occurred resulting in higher incidence of hepatic failure in
these patients.

ICG-R15 is a quantitative liver function test reflecting
both liver function impairment and hemodynamic alter-
ations. Higher ICG retention (ICG-R15) has been associ-
ated with increase in incidence of clinical
decompensation in previously compensated cirrhotics13

(Child class A). Similar findings have also been found in a
previous study that showed pre-TACE ICG-R15 as a risk
factor for deterioration of liver function after
TACE + RFA15 (ICG-R15, >30% Vs <30%, OR - = 0.92, 95%
CI = 0.12–7.59). This correlated with the finding in our
study showing higher rate of acute hepatic failure in pa-
tients with higher ICG retention at 15 min
(38.950 � 6.698 in group 1 vs 18.48 � 8.37 in group 2,
P = 0.002). On subsequent multivariate analysis, ICG reten-
tion was found to be an independent risk factor for predict-
ing post-TACE acute hepatic failure. Its accuracy to predict
acute hepatic failure after TACE was found to be 92.9%,
while a cutoff of 25 shows a sensitivity of 90% and a speci-
ficity of 87.5%.

According to Shalimar et al, ICG-PDR (plasma disap-
pearance rate) performs similar to MELD, MELD-Na,
and CTP score for predicting development of PTLF. In
their study, ICG-PDR values were lower in those patients
who developed PTLF (7.4%/min vs 10.6%/min; P = 0.008).16

We found that baseline portal pressure was higher in
the group of patients developing post-TACE acute hepatic
failure than in those without hepatic failure
(16.50� 4.275mmHg vs 12.66� 4.426mmHg). It is likely
that patients with higher portal pressure have more
advanced liver cirrhosis and hence are at higher risk of
deterioration of hepatic function after TACE.

In most of the previous studies, age was not found to be
a risk factor for post-TACE hepatic failure (P > 0.05)9,12.
Higher rate of acute hepatic failure after treatment of
HCC with TACE can be anticipated and is likely due to
age-related decrease in liver volume and liver blood flow;
hepatocyte changes including increased oxidative stress,
increased inflammatory response, accelerated cellular
senescence, and progressive organ dysfunction
significantly affect cellular responses to injury.17 However,
we did not observe any significantly higher rate of hepatic
failure related to age.
| No. 4 | 447–452 451
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Our study has few limitations such as small cohort,
retrospective nature of study, and lack of pathologic
confirmation for HCC diagnosis.

In summary, pretreatment evaluation of routine liver
function is of fundamental importance before TACE. Pa-
tients with higher Child–Pugh score, MELD sore, serum
bilirubin, serum creatinine, alfa-fetoprotein, larger
tumor, portal pressure, and lower serum albumin at base-
line are likely to have higher chance of acute hepatic failure
after TACE. Baseline ICG retention test (ICG-R15) is a
marker indicating the state of liver function in patients un-
dergoing TACE and is an independent predictor for acute
hepatic failure with high accuracy, sensitivity, and speci-
ficity.
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