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Abstract

Hepatocellular carcinoma (HCC) has many options for
management; some of them are complicated by devel-
opment of portal hypertension (PHT). Doppler ultra-
sound is an effective method to diagnose and monitor
PHT changes after HCC ablation procedures. The aim of
this study is to investigate changes in portal pressure
hemodynamics of HCC patients following treatment
with different interventional strategies: radiofrequency
ablation (RFA), microwave ablation (MWA), and
transarterial chemoembolization (TACE). A total of 60
patients with HCC were divided into three main groups,
and each group received a different type of therapy
(RFA, MWA, and TACE). Full medical record and
basic investigations were performed including Doppler
ultrasound and upper GIT endoscopy for evaluation of
PHT parameters, and then repeated after three months
of ablation. RFA is associated with the increased splenic
artery resistive index, while MWA has no significant
impact on PHT indices. TACE has led to a marked in-
crease in liver vascular index with significant decrease in
hepatic artery resistive index and PHI after treatment.
No significant changes in esophageal varices were ob-
served by upper GIT endoscopy following all ablation
methods. RFA is quite safe but associated with degree of
PHT. On the contrary, TACE is associated with im-
proved PHT parameters. MWA has no significant asso-
ciation to development of PHT following the technique.
Doppler ultrasound could be used as a reliable and
effective method of evaluation of PHT post ablation for
HCC.
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Hepatocellular carcinoma (HCC) is the sixth among the
cancer types occurring worldwide, and the second largest
causal factor to cancer mortality [1]. The incidence of
HCC is rising all over the world, especially due to a rising
incidence of nonalcoholic fatty liver disease (NAFLD)
and a rapid rise in the number of patients with hepatitis
C-induced cirrhosis. About 80% of HCC patients are
cirrhotic patients [2].

Although advances in screening, diagnosis, and
therapy have greatly improved the prognosis of HCC
patients, HCC remains a catastrophic tumor because of
high rates of metastases and recurrence [3, 4]. Although
curative measures, such as surgical resection and liver
transplantation, continue to be the gold standard,
approximately from 70% to 80% of patients are poor
candidates for such invasive procedures. Locoregional
therapy has become increasingly important for patients
with HCC because of advances in techniques, survival
benefit, and a favorable safety profile [5, 6].

The development of portal hypertension (PHT) is a
crucial event in the evolution of cirrhosis and is defined
by an increase in the portal pressure above the normal
range of 1–5 mmHg, as measured by the hepatic vein
pressure gradient (HVPG). When the HVPG increases
further to ‡10 mmHg, PH is defined as clinically signif-
icant [7].

Portal hypertension (PHT) may occur after ablation
procedures of HCC, which is considered one of the major
complications following these methods of intervention
[8–10].Correspondence to: Shaker Wagih Shaltout; email: shakershaltout2@
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In PHT imaging, the liver vascular index (LVI) is a
highly sensitive and specific Doppler ultrasound param-
eter in the diagnosis of cirrhosis and PHT [11]. Also, the
assessment of the hepatic vein waveform with Doppler
US could be considered a useful adjunctive method in the
noninvasive assessment of the severity of PHT [12]. The
hepatic artery pulsatility index (HAPI), Liver vascular
index, and Congestion index (CI) are indicative indices in
patients with PHT, suggesting that color Doppler ultra-
sonography can be used as a noninvasive evaluation
method for evaluating the PHT degree [13].

The aim of this study is to investigate changes in
portal pressure hemodynamics of HCC patients follow-
ing treatment with different interventional strategies such
as radiofrequency ablation (RFA), microwave ablation,
and transarterial chemoembolization.

Materials and methods

This study was a prospective interventional (Random-
ized Control Trial) study. It was conducted in the
Tropical Medicine Department of Mansoura University
Hospital, Egypt.

HCC diagnosis was confirmed by triphasic abdominal
computerized tomography scan or dynamic contrast-
enhanced MRI. Diagnosis was based on the identifica-
tion of the typical hallmark of HCC (hyper vascular in
the arterial phase with washout in the portal venous or
delayed phases).

The inclusion criteria were as follows: (i) Patients
exhibiting good compliance and providing informed
consent. (ii) Patients with primary HCC and naı̈ve to
treatment. (iii) Patients with liver cirrhosis of Child-Pugh
class A or B.

Thirteen patients who met the exclusion criteria in-
cluded those with metastatic tumor and liver cirrhosis of
Child-Pugh class C, and also those who had refused to
participate in the study were excluded from the study.

This study included three main groups: Group A
(RFA group): Patients in this group were treated with
RFA; Group B (MWA group): Patients in this group
were treated with microwave ablation, MWA; and
Group C (TACE group): Patients in this group were
treated with transarterial chemoembolization therapy,
TACE. An informed consent was obtained before pa-
tients were enrolled in the study.

All participants in all groups were subjected to full
history taking, clinical examination (general and
abdominal examination), liver function tests (serum
albumin level, serum bilirubin level, and international
normalized ratio), anti-HCV antibodies, and HBs anti-
gen by the third-generation ELISA, serum alpha feto-
protein level (AFP), abdominal ultrasonography,
triphasic abdominal computerized tomography, and
color Doppler ultrasonography for measurement of
portal blood pressure before treatment and three months
after treatment.

Upper gastrointestinal endoscopy was performed for
all patients before treatment for diagnosis of esophageal
varices and three months after treatment in a single en-
doscopy unit using an Olympus GIF-Q240 gastroin-
testinal videoscope (Olympus Corporation, Tokyo,
Japan).

Table 1. Doppler ultrasound parameters

Parameter Definition

Liver vascular index (LVI) (Portal vein velocity (PVVel) /Hepatic artery pulsatility index (HAPI)11

Congesion index(CI) (0.1 cm/s-1) The ratio between the cross-sectional area of the vessel (cm2) and the
blood flow (cm/s) in the portal vein

CI = (p 9 portal vein diameter2/4)/portal vein velocity (PVVel)13

Portal hypertension index (PHI): (1.2 s/m) PHI = (hepatic artery resistive index [HARI] 9 0.69) (splenic artery
resistive index [SpARI] 9 0.87)/PVVel13

Fig. 1. Doppler ultrasound parameters.
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Esophageal varices were classified at endoscopy
according to Sandy and Feinman scoring system as F I
(Small, straight varices), F II (Enlarged, tortuous varices
that occupy less than one-third of the lumen), or F III
(Large, coil-shaped varices that occupy more than one-
third of the lumen).The interobserver variation coeffi-
cients for portal blood pressure measurements and the
presence of varices were evaluated in all the patients (less
than 2%).

After eight hours of fasting and bowel preparation,
all patients were subjected to Doppler ultrasound for
measurement of portal blood pressure before treatment
and three months after treatment using a Toshiba Xar-
ioTM ultrasound (Toshiba Medical Systems Corporation,
Toshio Takiguchi, Japan).

Color Doppler was used to assess specific and sensi-
tive Doppler ultrasound parameters that are shown in
Table 1; see also (Fig. 1).

Doppler indices were obtained from portal trunk,
proper hepatic artery, and splenic artery and flow
velocity measured during quiet respiration.

Data were analyzed using SPSS version 21. The
normality of data was first tested by Shapiro–Wilk test.

Qualitative data were described using number and
percent. Association between categorical variables was
tested using Chi-square test. Continuous variables were
presented as mean ± standard deviation (SD). Paired t
test (parametric data) and Wilcoxon Signed Ranks
(nonparametric data) were used to compare paired two
groups. Analysis of variance (ANOVA test) used for
comparison of means of more than two groups,
while Kruskal Wallis Test was used for comparison
of medians of more than two groups (nonparametric
data)

For all the above-mentioned statistical tests done, the
threshold of significance is fixed at 5% level (p value).

The results were considered nonsignificant when the
probability of error is more than 5% (p > 0.05), signif-
icant when the probability of error is less than 5%
(p < 0.05), and highly significant when the probability
of error is less than 0.1% (p < 0.001).The smaller the
p-value obtained, the more significant are the results.

Results

This study was conducted on 60 patients selected from 73
patients diagnosed with HCC. Of the patients with HCC,
there were 36 males and 24 females, and their ages ran-
ged from 37 to 63 years with the mean age of
(57.6 ± 5.93). According to Child–Turcotte–Pugh clas-
sification, 50 patients were classified as class A and 10 as
class B. (Table 2).

All the patients of the study had HCV infection as a
cause of liver cirrhosis and HCC subsequently.

Our patients performed a variety of clinical inter-
ventional procedures including RFA (20), MWA (20),
and finally TACE (20). All the patients survived to the
date of follow-up with no major complications or mor-
bidity.

The changes in liver function tests after treatment
were statistically not significant (Table 3).

Changes in Doppler ultrasound parameters after
treatment in the groups of HCC patients are shown in
Tables 4 and 5, which demonstrate the tendency of
partial variables changes. In the RFA group, the PVVel
and LVI nonsignificantly decreased after treatment
(p = 0.48 and 0.601, respectively) with no significant
increase in the HAPI, hepatic artery resistive index
(HARI), CI and PHI (p = 0.672, 0.736, and 0.167
respectively), but the splenic artery resistive index
(SARI) significantly increased (p = 0.003).In the MWA
group; there were no significant differences in all the
studied Doppler ultrasound parameters. In the TACE
group, the LVI remarkably increased after treatment
(p = 0.027), with HARI and PHI, however, dramati-
cally decreasing after treatment (p = 0.13), but there
were no significant changes in the other studied Doppler
parameters (Figs. 2, 3).

In all the three groups, there were no significant dif-
ferences in the levels of esophageal varices after treat-
ment (Table 6).

Discussion

Hepatocellular carcinoma (HCC) is becoming increas-
ingly as one of the leading causes of mortality and

Table 2. Demographic data of HCC patients

Items RFA group (n = 20) MWA group (n = 20) TACE group (n = 20)

Age mean ± SD 57.70 ± 7.45 58.50 ± 4.77 56.60 ± 5.37
Sex

Male 16 (80%) 12 (60%) 8 (40%)
Female 4 (20%) 8 (40%) 12 (60%)

Child classification
A 20 (100%) 12 (60%) 18 (90%)
B 0 (0%) 8 (40%) 2 (10%)

Criteria of the lesions
Number of the lesions Single Single Single or multiple
Size of the lesions 0.497±2.86 0.486±2.82 0.989±5.37
Size of the ablated areas 0.473±4.25 0.484±4.45 –
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morbidity worldwide; this is due to many factors mainly
including the increased incidence of liver cirrhosis and
prevalence of viral hepatitis mostly of HCV and HBV
types. Liver cirrhosis always leads to PHT and all its
consequent complications such as bleeding esophageal
varices, ascites, hepatic encephalopathy, as well as HCC.

Different treatment modalities have been discovered
and applied successfully, ranging from hepatic resection
to percutaneous ablation methods up to TACE tech-
nique, with satisfactory results of healing. However,
these methods of intervention have their respective
specific side effects and hazards, which may limit its use
under certain circumstances. One of these risks is the
development or the increased degree of PHT following

the ablative method. Increased PHT may lead to the
decreased effectiveness of the ablation process or the
development of some other morbid conditions.

Using ultrasound for detection and monitoring of
PHT is one of the most popular and the preferred
methods due to its noninvasiveness, accuracy, and low
cost. In our study, color Doppler was used to assess
specific and sensitive Doppler ultrasound parameters
concerning PHT such as, PVD, PVVel, HAPI, HARI,
SARI, LVI, CI, and PHI. Patients were assessed before
and three months after ablation. Sixty patients were di-
vided into three groups (RFA, MWA, and TACE).

Few papers in the literature have described post-ab-
lative side effects especially with regard to PHT. RFA

Table 3. Liver function tests before and after ablation procedures

Items RFA group (n = 20) MWA group (n = 20) TACE group (n = 20)

Before After Before After Before After

S albumin 3.48 ± 0.51 3.66 ± 0.37 3.33 ± 0.47 3.26 ± 0.4 3.37 ± 0.54 3.29 ± 0.41
Test of sig. p value p = 0.069 p = 0.478 p = 0.329
S. bilirubin 0.90 (0.40–1.90) 0.90 (0.40–2.10) 1.30 (0.60–4.90) 1.40 (0.9–3.7) 0.90 (0.70–2.30) 0.85 (0.6–2.1)
Test of sig. p value p = 0.793 p = 0.852 p = 0.677
INR 1.19 ± 0.14 1.21 ± 0.13 1.31 ± 0.23 1.35 ± 0.36 1.37 ± 0.21 1.32 ± 0.12

p = 0.759 p = 0.625 p = 0.430

Table 4. Doppler ultrasound parameters before and after ablation procedures

Items RFA group (n = 20) MWA group (n = 20) TACE group (n = 20)

Before After Before After Before After

PVD 11.44 ± 2.44 11.56 ± 2.41 11.14 ± 1.65 11.38 ± 2.38 11.94 ± 2.02 12.12 ± 1.85
p = 0.767 p = 0.504 p = 0.713

PVVel 11.65 ± 3.84 11.04 ± 2.52 11.76 ± 4.25 12.53 ± 3.38 12.33 ± 4.02 14.08 ± 3.82
p = 0.480 p = 0.538 p = 0.103

HAPI 1.30 ± 0.36 1.34 ± 0.36 1.22 ± 0.32 1.38 ± 0.35 1.37 ± 0.37 1.17 ± 0.32
p = 0.672 p = 0.052 p = 0.078

HARI 0.64 ± 0.13 0.66 ± 0.14 0.64 ± 0.09 0.64 ± 0.14 0.69 ± 0.11 0.62 ± 0.104
p = 0.736 p = 0.919 p = 0.04*

SARI 0.59 ± 0.12 0.65 ± 0.13 0.62 ± 0.09 0.61 ± 0.15 0.59 ± 0.06 0.59 ± 0.09
p = 0.003* p = 0.830 p = 0.571

LVI 9.97 (2.85–15.57) 9.02 (4.05–13.88) 10.53 (3.58–14.88) 9.72 (4.15–19.85) 9.72 (4.07–21.09) 12.51 (6.40–17.18)
p = 0.601 p = 0.350 p = 0.027*

CI 0.08 (0.04–0.24) 0.1 (0.05–0.98) 0.08 (0.04–0.23) 0.105 (0.02–0.96) 0.09 (0.04–0.6) 0.07 (0.03–0.13)
p = 0.167 p = 0.647 p = 0.093

PHI 0.019 (0.01–.07) 0.024 (.01–0.05) 0.022 (0.01–0.18) 0.02 (0.01–0.05) 0.017 (0.01–0.30) 0.017 (0.01–.03)
p = 0.298 p = 0.234 p = 0.013*

CI congestion index, HAPI hepatic artery pulsatility index, HARI hepatic artery resistive index, LVI liver vascular index, PHI portal hypertension
index, PVD portal vein diameter, PVVeL portal vein velocity, SARI splenic artery resistive index

Table 5. Patients with PHT with regard to Doppler parameters before and after ablation procedure

Items RFA group (n = 20) MWA group (n = 20) TACE group (n = 20)

Before After Before After Before After

LVI ‡ 12 cm/s 4 (20%) 2 (10%) 6 (30%) 2 (10%) 6 (30%) 10 (50%)
CI ‡ 0.1 cm/s 6 (30%) 10 (50%) 6 (30%) 8 (40%) 8 (40%) 6 (30%)
PHI ‡ 1.2 s/m 0 0 0 0 0 0

LVI liver vascular index, CI congestion index, PHI portal hypertension index
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complications were widely studied; however, only very
few were carried out on TACE.

Concerning PHT parameters by Doppler ultrasound,
no significant changes in portal indices were noted in
RFA group apart from SARI (p = 0.003), indicating a
marked increase in the portal resistance after ablation.
The RFA electrodes cause alteration of currents, agita-
tion of ions, and generation of fractional heat leading to
destruction of tumor tissue including small blood vessels
and generation of PHT. In a multicenter study by Liv-
raghi et al. [8], PHT developed in one case due to gen-
eration of arterioportal shunt following RFA which was
not the case in our study, since we had no shunt.

Also there were no changes in the levels of esophageal
varices after RFA as evidenced by the upper endoscopy,
and this result is a clinical parameter of RFA’s safety and

long-term efficacy in hepatic patients who suffered from
HCC. Although SARI has increased, it was not reflected
upon the esophageal pressure and variceal development.
This is in contrast to Sonomura et al. [9] who reported a
case of a patient with rapid deterioration of esophageal
varices caused by PHT accompanied by a large arterio-
portal shunt that developed after RFA of HCC. How-
ever, the incidence was low, and only large arterioportal
shunt can cause significant PHT and variceal bleeding.

In the MWA group, there were no statistically sig-
nificant results concerning PHT parameters by Doppler
ultrasound; this reflects the idea that MWA is quite safe
and very unlikely to cause PHT or affect tissue resistance
or blood velocity, and also that it was not associated with
any disturbance in esophageal varices after the ablation
sessions.

Fig. 2. Doppler ultrasonography of a 62-year-old man with
HCC in the right lobe of the liver treated with RFA. A Mea-
surement of PVVel before the ablation. There was a slight

change in PVVel after treatment (B). C HAPI and HARI before
the ablation. D Elevations of both HAPI and HARI after
treatment.
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MWA is another form of thermal ablation for HCC,
which involves the use of microwave energy that causes
molecular vibration of dipoles, especially water mole-
cules in tissue, and produces dielectric heat and thermal
coagulation around the electrode [14]. In our results,
MWA was not associated with PHT contrary to RFA
even though the agent of ablation in both RFA and

microwave ablation is heat; this is because the mecha-
nism of delivery differs. The amount of heat in MWA
does not depend on the passage of electricity through
tissues. There is no heat–sink effect in MWA, and it can
be used to ablate tumors adjacent to major vessels. These
factors lead to a large ablation volume, and result in
good local control and fewer complications [15]; more-

Table 6. Changes in esophageal varices after ablation procedures

Items RFA Group (n = 20) MWA Group (n = 20) TACE Group (n = 20)

Before After Before After Before After

F 1 2 (10%) 4 (20%) 2 (10%) 2 (10%) 8 (40%) 6 (30%)
F II 6 (30%) 4 (20%) 4 (20%) 2 (10%) 2 (10%) 4 (20%)
F III 4 (20%) 6 (30%) 2 (10%) 4 (20%) 0 (0%) 2 (10%)
No varices 8 (40%) 6 (30%) 12 (60%) 12 (60%) 10 (50%) 8 (40%)

X2 = 1.752 p = .625 X2 = 1.333 p = .721 X2 = 3.175 p = .365

Fig. 3. Doppler ultrasonography of a 54-year-old man with
HCC in the right lobe of the liver treated with TACE. A Mea-
surement of PVVel before the ablation. There was a signifi-

cant increase in PVVel after treatment (B). C HAPI and HARI
before the ablation. D Significant decreases of both HAPI and
HARI after treatment.
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over, this fact matches with our results concerning MWA
and PHT.

Regarding TACE group, marked decreases in tissue
resistances and PHT parameters have been noted as
evidenced by the significant results in HARI (p = 0.04)
(decreased), LVI (p = 0.027) (increased), and PHI
(p = 0.013). These results are in contrast with many
studies in the literature [10–17], which reported increase
in the clinical features of PHT following ablation pro-
cedures. However, Tasneem et al. [10] reported post-
TACE syndrome and cirrhosis decompensation and
concluded that severe complications of TACE correlated
to increased PHT before the procedure, but not as a
consequence of the ablation itself.

The increased PHT could be explained on the basis of
severe necro-inflammation of blood vessels and adjacent
tissues due to the nature of the therapeutic chemical sub-
stance used in ablation leading to vascular obliteration,
increased tissue resistance, and finally PHT. However,
HCC ablation may lead to improved portal circulation,
remove malignant debris from vascular tissue, prevent
seeding of micrometastatic foci, and improve portal HTN
consequently as detailed in the results of our study.

Again, the decreased portal pressure following TACE
had no clinical impact on esophageal varices, and did not
result in any significant change in upper endoscopic
observations, raising the suspicion regarding the effec-
tiveness of using endoscopic technique as an indirect
method for the evaluation and follow-up of PHT.

Conclusion

Different methods of treatment of HCC are now avail-
able, with varying degrees of side effects and complica-
tions. RFA is quite safe and effective method of
intervention; however it is associated with degree of PHT.
On the contrary, TACE is associated with the improved
PHT parameters. MWA has no significant association to
development of PHT following the technique. Doppler
ultrasound could be used as a reliable and effective
method of evaluation of PHT post ablation for HCC.

The monitoring of esophageal varices by upper en-
doscopy revealed no significant changes in variceal
grades post HCC ablation by different methods.

There were some limitations in our study. First, the
sample size is still limited as this study focused on the
effect of interventional techniques that need certain cri-
teria to be fulfilled. Second, the follow up of the patients
was for short period which limited the detection of
recurrence of HCC if present. So, more studies with large
sample size and for longer period are recommended.
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