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Abstract

Background: Accurately assessing the efficacy of radiofrequency ablation for hepatocellular carcinoma (HCC), and early detection
of tumor residues or recurrence after radiofrequency ablation is important to improve the prognosis of patients with HCC.
Objectives: To investigate the application of gemstone spectral imaging in the evaluation of abnormal enhancement of the edge
of HCC after radiofrequency ablation.
Patients and Methods: From November 2013 to April 2019, patients with HCC admitted to the department underwent regular gem-
stone spectral imaging and energy spectrum analysis after radiofrequency ablation. The abnormal enhancement within and around
the radiofrequency ablation lesion was observed, and the energy spectrum data of the radiofrequency ablation lesion and the ab-
normal enhancement focus were measured.
Results: A total of 133 lesions with marginal enhancement following radiofrequency ablation were included. Of these lesions, 62
were eventually diagnosed as inflammatory reaction zone, and 71 were diagnosed as residual or recurrent HCC. The results of energy
spectrum analysis showed that there was a statistically significant difference in the iodine concentration between the inflammatory
reaction zone and the residual or recurrent HCC (P < 0.001). The iodine concentration in the inflammatory reaction zone was lower
than the iodine concentration in the residual or recurrent HCC (9.70±3.00 100 µg/mL vs. 13.24 ± 4.51 100 µg/mL). In the enhanced
arterial and portal venous phases, the difference between the slope of the energy spectrum curve of the inflammatory reaction zone
and the residual or recurrent HCC was statistically significant (P < 0.001).
Conclusion: Gemstone spectral imaging can effectively differentiate residual or recurrent HCC from the inflammatory reaction
zone after radiofrequency ablation. It is conducive to early detection of residual or recurrent tumors, helps clinicians formulate the
next treatment plan, and improves the prognosis of patients.
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1. Background

According to the European Association for the Study
of the Liver, among the global cancer-related deaths, liver
cancer is in second place (1). In primary liver cancer, hepa-
tocellular carcinoma (HCC) accounts for about 75% to 85%
of primary liver cancer (1, 2). Due to viral hepatitis, HCC is
a major public health problem in the Asia-Pacific Region
(3). Only 15% - 20% of HCC cases are suitable for surgical re-
section. Radiofrequency ablation (RFA) has been most fre-
quently used worldwide in the treatment of HCC (4, 5). Ac-
cording to European and American guidelines, RFA is the

first line treatment option for patients at the early stage
not suitable for liver surgery or transplantation (6, 7). Ac-
cording to reports in the literature, the local recurrence
rate of HCC after RFA is approximately 14.1% - 58.1%. If early
detection and RFA are used, the complete ablation rate
could be increased to 77% - 99.7% (8). Therefore, accurate
assessment of the efficacy of RFA is important to improve
the prognosis of patients with HCC.

Conventional computed tomography (CT) uses mixed
energy. After X-ray passes through the human body, low-
energy X-ray (i.e. soft X-ray) is filtered out, resulting in
hardening artifacts of the beam, resulting in the drift
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of the CT value. Gemstone spectral imaging (GSI) has a
unique technique of energy spectrum scanning and post-
processing, which can obtain the energy spectrum param-
eters of the lesion, rather than rely solely on CT value as
an index to observe and evaluate the lesion. GSI has been
widely used in the diagnosis and treatment evaluation of
HCC. A study conducted by Yang et al. (9) has shown that
dual-energy CT is more helpful than conventional CT in dis-
tinguishing small HCC with or without microvascular in-
vasion. Another study performed by Laroia et al. (10) has
shown that GSI can more accurately characterize the be-
nign and malignant intrahepatic lesions that conventional
CT cannot determine. Color-coded iodine CT using dual-
energy CT technology can detect HCC around iodized oil
uptake (11). Some researchers used dual-energy CT to mea-
sure the iodine intake in HCC to assess the treatment re-
sponse after radioembolism (12). However, as far as we
know, there is no research that used GSI to identify the in-
flammatory response zone and residual tumor after RFA of
HCC.

2. Objectives

The present study aimed to investigate the application
of GSI in the evaluation of abnormal enhancement of the
edge of HCC after RFA.

3. Patients and Methods

3.1. Patient Population

Our study was performed in accordance with the prin-
ciples of the Declaration of Helsinki and its appendices.
This study was approved by the Ethics Committee, scien-
tific research unit, Beijing, China (2015-Scientific Research-
28), and written informed consent was obtained from all
patients. We collected patients with HCC in the scientific
research unit from November 2013 to April 2019. Inclusion
criteria were as follows: The patient was diagnosed with
HCC, the patient was conscious and able to cooperate with
the doctor for CT examination, and the patient had normal
respiratory function and could tolerate a breath hold for
5 - 10 seconds. Exclusion criteria were as follows: For HCC
with a long diameter greater than 5 cm, it was difficult for
RFA to completely destroy the tumor tissue, and it was nec-
essary to elect a second operation, and patients were not
included in the study after the first RFA. The patient’s con-
sciousness was unclear, and the CT examination could not
be performed in accordance with the doctor’s request. The
patient had serious adverse reactions during RFA or had

severe discomfort and could not tolerate continued treat-
ment. If the patient had a history of iodine allergy, the en-
hanced CT scan was prohibited. After RFA of HCC lesions,
patients were reviewed regularly for one month, and three
months.

3.2. CT Technique

Scanning was done using GSI (Discovery CT 750 HD, GE
Healthcare, Chicago, Il., USA). The scanning range was from
the dome to the lower edge of the liver. The GSI energy spec-
trum scanning mode was used to divide the two-stage dy-
namic enhanced scanning, and the single-source instanta-
neous (0.5 ms) kVp (140 kVp and 80 kVp) switching tech-
nique was used to set the automatic milliamp. In the en-
hanced scanning, a double-tube high-pressure syringe was
used to inject 70 - 90 mL of non-ionic contrast agent io-
promide 300 (Bayer Schering Pharma AG, Leverkusen, Ger-
many) into the cubital vein, the injection speed was 3 - 5
mL/s, after the injection of the drug, 30 s - 35 s (arterial
phase), and 70 s - 80 s (portal venous phase). For the con-
ventional image, the CT slice thickness and the CT slice
spacing were both 5 mm. Then the single energy image (70
keV) and the mixed energy image were reconstructed, and
the CT slice thickness and the CT slice spacing were both
0.625 mm.

3.3. Quantitative Assessment

The GSI scanning technique was used to acquire single-
energy images and energy spectrum images in the arterial
phase and the portal vein phase, and then the images were
analyzed using GSI Viewer analysis software. The parame-
ters required for measurement and calculation included:
(1) Measure the iodine concentration in the inflammatory
reaction zone, residual or recurrent HCC, RFA lesion, and
hepatic parenchyma; (2) measure the difference in the io-
dine concentration in the arterial phase and the portal vein
phase of residual or recurrent HCC, iodine concentration
difference (ICD) = I arterial phase-I portal vein phase; (3)
measure the slope of the spectral curve, slope = (HU50 kev-
HU100 kev)/50 kev.

The region of interest (ROI) was selected as follows: (1)
Residual or recurrent HCC: Combined with the patient’s
enhanced scan image, if the lesion volume was large (d >
1.5 cm), the solid area of the lesion was selected to place
a ROI, the measured area in our study was about 25 mm2,
and avoided necrosis and bleeding of the lesion. If the le-
sion was small (d < 1.5 cm), the largest level of the solid
portion of the lesion was chosen to place the ROI, the mea-
sured area in our study was about 10 mm2; (2) inflamma-
tory reaction zone: ROI was placed in a clinically diag-
nosed inflammatory reaction zone. The measured area in
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our study was about 10 mm2. If the inflammatory reac-
tion zone was relatively narrow, the maximum allowable
ROI was placed according to the width of the inflamma-
tory reaction zone; (3) RFA lesions: The ROI was placed in
the RFA lesion area. The measured area in our study was
about 25 mm2. When selecting the ROI, the vaporized part
was not included; (4) Normal hepatic parenchyma: The ROI
was placed away from the edge of the RFA lesion (greater
than 2 cm) and where no abnormally enhanced hepatic
parenchyma was found on the enhanced scan. The mea-
sured area in our study was about 25 mm2. After RFA, even
if the tissue around the tumor did not appear abnormally
enhanced, because it was close to the RFA lesion, its tissue
may have changed due to heat, but there would have been
no visible change in iodine intake to the naked eye. In or-
der to avoid measurement errors, the specific countermea-
sures were as follows: (1) To avoid artificial measurement
errors caused by bias in the selection of the position of the
ROI, all data of the same lesion needed to be measured 3
times, and the average value was calculated as the final re-
sult; (2) when selecting the ROI, the attempt was made to
avoid large blood vessels and intrahepatic bile ducts, and
avoid obvious artifacts on the image; (3) the slope of the en-
ergy spectrum curve was calculated using the energy spec-
trum curve data table output by the system to find the spe-
cific values at the time of HU50 kev and HU100 kev.

For diagnosis of residual or recurrent HCC and the in-
flammatory reaction zone, all original images were blindly
and independently judged by three senior imaging di-
agnostic radiologists; then the diagnostic conclusions
were synthesized. The diagnosis conclusion of this study
adopted the principle of minority subordination to the
majority. If there were obvious differences in the diagnosis
conclusions, the three experts conducted a collective dis-
cussion. If the conclusions could not be unified after the
discussion, the patient was removed.

In the 83 patients, a total of 102 HCC lesions meeting
the inclusion criteria were found and RFA was performed.
After follow-up observation, a total of 133 abnormally en-
hanced lesions at the edge of the RFA lesion were found.
Diagnosis criteria for residual or recurrent HCC: (1) Part of
the lesion was removed by laparoscopy (some patients un-
derwent laparoscopic RFA, if eligible, the clinician would
remove some of the lesion during surgery and send it for
pathological examination); (2) biopsy was performed to
take tissue and pathological diagnosis of HCC was carried
out; (3) according to the “EASL Clinical Practice Guidelines:
Management of HCC” (1) issued by the European Associa-
tion for the Study of the Liver in 2018, make a diagnosis;
if qualitative difficulties are encountered, follow up and

observe regularly, and finally make a clear diagnosis. Af-
ter comprehensive evaluation, 133 abnormally enhanced
lesions at the edge of RFA lesions of HCC were detected, of
which 71 (53.4%) were diagnosed as residual or recurrent
HCC; 62 (46.6%) abnormally enhanced lesions were clini-
cally diagnosed as inflammatory reaction zones.

3.4. Statistical Analysis

First, the one-sample Kolmogorov-Smirnov test was
used to test the data for normality. Continuous quanti-
tative variables (e.g. iodine concentration) were summa-
rized as the mean ± standard deviation. Categorical vari-
ables (e.g. gender) were presented as counts (percentages).
The differences in continuous variables such as iodine con-
centration and slope of the energy spectrum curve were as-
sessed by one-way analysis of variance (ANOVA), and multi-
ple comparisons between the groups were performed us-
ing the Dunnett T3 test. The area under the receiver oper-
ating characteristic curve (AUROC curve) was used to deter-
mine the performance of the iodine concentration and the
slope of the energy spectrum curve in distinguishing be-
tween residual or recurrent HCC and the inflammatory re-
action zone. The optimal cutoff values were identified from
the highest Youden index. The iodine concentration in the
arterial phase and the portal vein phase of the residual or
recurrent HCC were compared by paired t test. Statistical
analysis was performed with SPSS (version 16.0; SPSS Inc,
Chicago, Il, USA). For all tests, P < 0.05 was considered sta-
tistically significant.

4. Results

4.1. Patient Characteristics

A total of 83 patients met the study criteria, including
63 males and 20 females. The male to female ratio was 3.1:
1. The patients were 20 to 84 years old, with an average
age of 57.96 ± 11.26 years. Of the 83 patients, 71 were hep-
atitis B patients (85.5%), eight were alcoholic cirrhosis pa-
tients (9.6%), and four were hepatitis C patients (1.3%). The
patients with hepatitis had all suffered from hepatitis for
many years. At the time HCC was found, the average num-
ber of years of hepatitis was 25.21 ± 13.19; the median was
24 years. Of the 71 patients diagnosed with HCC, 58 (81.69%)
had elevated alpha-fetoprotein levels (the normal range is
0 - 9 ng/mL). At the time HCC was found, the average alpha-
fetoprotein level was 265.71 ± 115.52 ng/mL.
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4.2. Comparison of Iodine Concentration in the Arterial Phase

There were significant differences in the iodine con-
centration in the hepatic parenchyma, RFA lesion, inflam-
matory reaction zone, and residual or recurrent HCC dur-
ing the arterial phase of enhanced scanning (F = 190.41,
P < 0.001). Multiple comparative analyses showed that
there were significant differences in the iodine concen-
tration between residual or recurrent HCC and the hep-
atic parenchyma, RFA lesion and inflammatory reaction
zone. The iodine concentration in the residual or recurrent
HCC was higher than that in the inflammatory reaction
zone. The iodine concentration in the inflammatory reac-
tion zone was higher than that in the hepatic parenchyma,
and the iodine concentration in the hepatic parenchyma
was higher than that in the RFA lesion (Table 1 and Figures
1 and 2).

Table 1. Iodine Concentration in Different Tissues of Arterial Phase and Portal Vein
Phase (Unit: 100 µg/mL)a , b

Group Number of cases (n) Arterial phase Portal vein phase

RFAL 83 2.55 ± 1.30 4.15 ± 1.77

HP 83 5.47 ± 2.40 19.34 ± 6.18

IRZ 62 9.70 ± 3.00 17.53 ± 5.75

RRHCC 71 13.24 ± 4.51 18.50 ± 5.93

Abbreviations: HCC, hepatocellular carcinoma; HP, hepatic parenchyma; IRZ,
inflammatory reaction zone; RFAL, radiofrequency ablation lesion; RRHCC,
residual or recurrent hepatocellular carcinoma.
aValues are expressed as mean ± SD.
bPost hoc comparison results: I, Arterial phase: RRHCC > IRZ > HP > RFAL; All P
values < 0.001. II-portal vein phase: [RRHCC = IRZ = HP] > RFAL. P values: > 0.05
and < 0.001.

4.3. Comparison of Iodine Concentration in the Portal Vein
Phase

There were significant differences in the iodine con-
centration in the hepatic parenchyma, RFA lesion, inflam-
matory reaction zone, and residual or recurrent HCC dur-
ing enhanced scanning in the portal vein phase (F = 156.99,
P < 0.001). The results of multiple comparative analy-
ses showed statistically significant differences in iodine
concentration between the RFA lesion, and the hepatic
parenchyma, residual or recurrent HCC, and inflammatory
reaction zone. However, there was no statistically signif-
icant difference in the iodine concentration between the
hepatic parenchyma, residual or recurrent HCC, and in-
flammatory reaction zone (P > 0.05) (Table 1 and Figures
1 and 2).

4.4. Comparison of the Slope of Energy Spectrum Curve Between
The Arterial Phase and the Portal Vein Phase

The slope of the energy spectrum curve of the hepatic
parenchyma, RFA lesion, inflammatory reaction zone, and
residual or recurrent HCC was significantly different be-
tween the arterial phase and the portal vein phase of the
enhanced scanning (arterial phase F = 37.69, P < 0.001)
(portal vein phase F = 172.79, P < 0.001). The slope of the
energy spectrum curve of the residual or recurrent HCC,
hepatic parenchyma, RFA lesion and inflammatory reac-
tion zone were different. The slope of the energy spectrum
curve of the RFA lesion was higher than that of the hep-
atic parenchyma, the slope of the energy spectrum curve of
the hepatic parenchyma was higher than that of the resid-
ual or recurrent HCC, and the slope of the energy spectrum
curve of the residual or recurrent HCC was higher than that
of the inflammatory reaction zone (Table 2).

Table 2. Slope of Energy Spectrum Curve in Different Tissues of Arterial Phase and
Portal Vein Phase

Group Number of cases (n) Arterial phase Portal vein phase

RFAL 83 2.02 ± 0.97 2.47 ± 0.88

HP 83 1.65 ± 0.67 1.20 ± 0.30

IRZ 62 0.82 ± 0.28 0.72 ± 0.20

RRHCC 71 1.26 ± 0.63 0.99 ± 0.28

Abbreviations: HCC, hepatocellular carcinoma; HP, hepatic parenchyma; IRZ,
inflammatory reaction zone; RFAL, radiofrequency ablation lesion; RRHCC,
residual or recurrent hepatocellular carcinoma.
aValues are expressed as mean ± SD.
bPost hoc comparison results: I-Arterial phase: RFAL > HP > RRHCC > IRZ; All
P values < 0.05. II-portal vein phase: RFAL > HP > RRHCC > IRZ; All P values <
0.001.

4.5. Comparison of Iodine Concentration in the Arterial Phase
of Enhanced Scanning Between the Residual or Recurrent HCC
and the Inflammatory Reaction Zone

The area under the receiver operating characteristic
(ROC) curve was 0.74, P < 0.001, and the 95% confidence in-
terval was 0.66 - 0.83. The results showed that there was a
significant difference in the iodine concentration between
the residual or recurrent HCC and the inflammatory reac-
tion zone during the arterial phase. The iodine concentra-
tion of the residual or recurrent HCC was higher than that
of the inflammatory reaction zone (Table 3 and Figure 3).

4.6. Comparison of the Slope of Energy Spectrum Curve in the
Arterial Phase of Enhanced Scanning Between the Residual or
Recurrent HCC and the Inflammatory Reaction Zone

The area under the ROC curve was 0.73, P < 0.001, the
95% confidence interval was 0.64 - 0.82. The results showed
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Figure 1. Male, 6 months after radiofrequency ablation of hepatocellular carcinoma (HCC). A, Arterial phase/portal phase spectrum curve of the recurrence of HCC, and the
slope of the curve is basically the same; B, Arterial/portal phase of the enhanced lesion scan. The single-energy image of the pulse phase shows that the arterial phase lesions
are significantly enhanced, and the portal vein phase lesions are basically of the same density; C and D, Arterial phase/portal phase iodine concentration map of the lesion
enhancement scan, and the iodine concentration in the arterial phase was 8.19 (100 µg/mL), and the iodine concentration in the portal vein phase was 14.64 (100 µg/mL).

Figure 2. Male, 1 month after radiofrequency ablation of hepatocellular carcinoma (HCC). A, Arterial/portal phase of the energy spectrum curve of the inflammatory reaction
zone, and the slope of the curve is basically the same; B, Arterial phase/portal phase of the lesion enhanced scan single energy image, the arterial phase is significantly enhanced,
and the portal vein phase is basically the same density as the surrounding tissue; C and D, Iodine concentration maps of the arterial phase/portal phase of the enhanced lesion
scan, and the iodine concentration of the arterial phase is 13 (100 µg/mL), and the portal phase iodine concentration was 12.38 (100 µg/mL).

that the difference in the slope of the energy spectrum
curve between the residual or recurrent HCC and the in-
flammatory reaction zone in the arterial phase was statisti-

cally significant. The slope of the spectrum of the residual
or recurrent HCC was higher than that of the inflammatory
reaction zone (Table 3 and Figure 3).
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Table 3. Results of ROC Curve Comparison of Energy Spectrum Data of RRHCC and IRZ: Diagnostic Indices of Selected Cutoff Points of ROC Analyses

Group Cutoff value Se (%) [95% CI] Sp (%) [95% CI] PPV (%) [95% CI] NPV (%) [95%CI]

APIC (100 µg/mL) 13.440 57.7 [45.4 - 69.2] 90.3 [79.4 - 96.0] 87.2 [73.5 - 94.7] 65.1 [54.0 - 74.9]

SESCAP 1.135 56.3 [44.0 - 64.9] 85.5 [73.7 - 92.7] 81.6 [67.5 - 90.8] 63.1 [54.3 - 71.2]

SESCPVP 0.915 59.2 [46.8 - 70.5] 83.9 [71.9 - 91.6] 80.8 [67.0 - 89.9] 64.2 [52.7 - 74.3]

Abbreviations: APIC, arterial phase iodine concentration; CI, confidence interval; IRZ, inflammatory reaction zone; NPV, negative predictive value; PPV, positive predictive
value; ROC, receiver operating characteristic; RRHCC, residual or recurrent hepatocellular carcinoma; Se, sensitivity; SESCAP, slope of the energy spectrum curve in
arterial phase; SESCPVP, slope of energy spectrum curve in portal vein phase; Sp, specificity.
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Figure 3. A, Receiver operating characteristic (ROC) curve comparison of iodine concentration and the energy spectrum curve of hepatocellular carcinoma (HCC) and the
inflammatory reaction zone in the arterial phase (black line-iodine concentration, the area under the ROC curve was 0.74. red line-slope of the energy spectrum curve, the
area under ROC curve was 0.73); B, ROC curve comparison of iodine concentration and energy spectrum curve of HCC and inflammatory reaction zone in portal vein phase
(black line-iodine concentration, the area under ROC curve was 0.58. red line-slope of the energy spectrum curve, the area under ROC curve was 0.77); C, ROC curve comparison
of the slopes of the energy spectrum curves between HCC and inflammatory reaction zone in arterial phase and portal vein phase (black line-arterial phase energy spectrum
curve slope, the area under ROC curve was 0.73. red line-portal vein phase energy spectrum curve slope, the area under ROC curve was 0.77).

4.7. Comparison of Iodine Concentration Between the Residual
or Recurrent HCC and the Inflammatory Reaction Zone in the
Portal Vein Phase

The area under the ROC curve was 0.58, P = 0.25 > 0.05,
and the 95% confidence interval was 0.46 to 0.66. The re-
sults srehowed that there was no significant difference in
the iodine concentration between the residual or recur-
rent HCC and the inflammatory reaction zone in the portal
vein phase scan (Table 3 and Figure 3).

4.8. Comparison of the Slope of Energy Spectrum Curve Between
the Residual or Recurrent HCC and the Inflammatory Reaction
Zone in the Portal Vein Phase Scan

The area under the ROC curve was 0.77, P < 0.001, and
the 95% confidence interval was 0.70 to 0.85. The results
showed that the difference between the slope of the spec-
trum curve of the residual or recurrent HCC and the in-
flammatory reaction zone during the portal vein phase
was statistically significant (Table 3 and Figure 3).

5. Discussion

The inflammatory reaction zone (also called the be-
nign reaction zone) is an abnormally enhanced area
around the ablation zone, which is caused by heat-
mediated inflammatory edema or granulation hyperpla-
sia of the surrounding tissue (it is reported that the in-
cidence is 89% at 1 month, 56% at 1 - 3 months, 22% at 6
months). The presence of a benign reaction zone affects
the judgment of the efficacy, and the enhanced response
carries enhanced information that may cover the residual
lesion (13).

Studies have found that iodine concentration maps
provide information on the distribution of venous con-
trast agents in end organs and may be useful in detecting
high-vascular liver or kidney masses (14, 15). It has been re-
ported by Lv et al. (16) and Yu et al. (17) that measuring
iodine concentration with dual-energy CT may increase
the accuracy when differentiating HCC from other hep-
atic neoplastic lesions. In this case, it was found that the
enhanced arterial scanning phase could distinguish the
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residual or recurrent HCC, inflammatory reaction zone,
hepatic parenchyma, and RFA lesions through iodine con-
centration. The residual or recurrent HCC has the highest
iodine concentration. ROC curve analysis of the residual or
recurrent HCC and inflammatory reaction zone shows that
the optimal cutoff value of iodine concentration is 13.44
(100 µg/mL). At this cutoff point, the sensitivity was 57.7%,
[95% confidence interval (CI) = 45.4 - 69.2], while the speci-
ficity was 90.3% [95% CI = 79.4 - 96.0], which is relatively
high.

Study has shown that the slopes as well as the charac-
teristics of the dual energy CT energy spectrum curve of
HCC, liver hemangiomas, metastases and cysts were sig-
nificantly different (18). Quantitative dual energy CT en-
ergy spectrum curve analysis may be used to improve the
sensitivity for differentiating liver tumors. In this case,
it was found that during the enhanced scanning of the
arterial phase and the portal vein phase, the difference
in the slope of the energy spectrum curve of the resid-
ual or recurrent HCC, inflammatory reaction zone, hepatic
parenchyma, and RFA lesions was statistically significant.
The slope of the spectrum curve of the residual or recur-
rent HCC was higher than the slope of the spectrum curve
of the inflammatory reaction zone in both arterial and por-
tal vein phases. In the ROC curve analysis, the slope of the
spectrum curve of the residual or recurrent HCC was com-
pared with the slope of the spectrum curve of the inflam-
matory reaction zone. The optimal cutoff value of the arte-
rial phase was 1.135. At this cutoff point, the sensitivity was
56.3% [95% CI = 44 - 64.9], while the specificity was 85.5%
[95% CI = 73.7 - 92.7], which is moderate. The optimal cut-
off value of the portal vein phase was 0.915. At this cutoff
point, the sensitivity was 59.2% [95% CI = 46.8 - 70.5], while
the specificity was 83.9% [95% CI = 71.9 - 91.6], which is mod-
erate.

At present, judgment of the treatment effect of RFA is
mainly based on imaging standards to observe whether
the density of the lesion has significantly decreased. In ad-
dition, the effective range of radiofrequency needle heat-
ing is evaluated during the operation to ensure that the
maximum diameter of the lesion shown by the preopera-
tive imaging examination is included. At the same time,
the RFA range is appropriately enlarged to deal with the
micro-invasive lesions around the lesion. During RFA, we
can perform GSI of HCC and use the slope of the energy
spectrum curve to identify whether the ROI is necrotic tu-
mor tissue or surviving tumor tissue. This needs further
research to confirm its application value.

This study has a limitation. The slope of the energy
spectrum curve is a standardized algorithm; it cannot fully

describe the characteristics of the curve, so it may have a
certain impact on the results of this study.

In conclusion, our findings showed that GSI not only
retains the advantages of conventional CT scanning, but
also adds a number of energy spectrum parameters and
introduces energy resolution, which provides more refer-
ence indicators for the qualitative diagnosis of liver tu-
mors. GSI can effectively differentiate HCC from inflamma-
tory reaction zone after RFA. It is conducive to early detec-
tion of residual or recurrent tumors, helps clinicians to for-
mulate the next treatment plan, and improves the progno-
sis of patients.
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