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Objective: To develop and validate a nomogram for identification of hepatocellular carcinoma (HCC) patients unsuitable for 
percutaneous radiofrequency ablation (RFA) due to severe abdominal pain.
Methods: In this retrospective study, 530 patients with HBV-HCC underwent RFA between February, 2014, and April, 2024, and 
treated in the affiliated hospital of Changhai Hospital, Naval Medical University. Patients were divided into a modeling group (373 
cases) and a validation group (157 cases) at a 7:3 ratio. Pain severity during the heating process of the radiofrequency ablation system 
was assessed using the Visual Analog Scale (VAS). Logistic regression was used to determine risk factors for severe pain, based on 
which a nomogram was developed.
Results: Key predictors of severe abdominal pain included tumor distance to capsule <1cm, tumor distance to portal vein <1cm, and 
history of transarterial chemoembolization (TACE) (P<0.05). The nomogram showed excellent predictive performance with an AUC- 
ROC of 0.756 for the modeling group and 0.714 for the validation group.
Conclusion: Tumor distance to capsule, tumor distance to portal vein, and TACE history are independent factors influencing severe 
abdominal pain during radiofrequency ablation in HBV-HCC patients. The nomogram effectively identifies HCC patients at risk of 
severe pain during RFA, facilitating doctors to decide on better alternative locoregional therapies.
Keywords: hepatocellular carcinoma, abdominal pain, radiofrequency ablation, nomograms

Introduction
HCC is one of the most prevalent malignancies worldwide and poses a significant burden on global health, particularly in 
regions with high rates of hepatitis B and C infections.1 As the leading cause of cancer-related mortality, HCC 
profoundly impacts patients, families, and healthcare systems.2 To address this challenge, various interventional treat-
ments have been developed, including RFA, percutaneous ethanol injection (PEI), microwave ablation (MWA), cryoa-
blation, and TACE.3 Among these, RFA has gained widespread recognition as a minimally invasive and effective 
locoregional therapy for small to medium-sized HCCs. RFA procedures are typically performed under local anesthesia. 
While mild to moderate abdominal pain may be tolerable under local anesthesia, but severe pain may be intolerable for 
patients. In such cases, doctors often face the dilemma of balancing pain management with ensuring adequate thermal 
energy delivery for effective tumor ablation.4 Adjustments to RFA parameters, such as power, temperature, and duration, 
to alleviate patient discomfort may inadvertently compromise the extent and efficacy of tumor ablation.5,6 Furthermore, 
pain experienced during RFA procedures can precipitate complications, including nausea and vomiting. These complica-
tions not only add to the patient’s discomfort but also increase the complexity and potential hazards of the procedure.7,8

Despite the clinical significance of intraoperative pain management during RFA procedures for HCC patients, there is 
a paucity of studies addressing this specific aspect. Therefore, there exists a compelling need for a predictive tool that can 
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anticipate the likelihood of severe abdominal pain during RFA procedures. To address this gap in the field of locoregional 
therapies, we aim to develop a predictive model that estimates the risk of severe abdominal pain in HCC patients undergoing RFA. 
By analyzing relevant clinical variables and patient characteristics, we seek to identify predictors of intraoperative pain and 
establish a tool to assist clinicians in personalizing pain management strategies and optimizing treatment outcomes.

Materials and Methods
Patients
This study protocol was approved by the Medical Research Ethics Committee of Shanghai Changhai Hospital. 
Although the nature of the study was retrospective, all patients had signed informed consent forms at the time of 
admission. We retrieved data from the electronic medical record database of our hospital on 748 patients diagnosed 
with HBV-related primary liver cancer according to the American Association for the Study of Liver Diseases 
(AASLD) guidelines.9 The inclusion criteria were as follows: (1) patients diagnosed with HBV-related HCC 
according to the AASLD guidelines; (2) patients classified as BCLC stage 0 or A; (3) patients aged between 30 
and 80; and (4) patients with or without a history of TACE treatment. All patients underwent RFA treatments in the 
interventional radiology department of our hospital from February 2014 to April 2024. Exclusion criteria were as 
follows: (1) use of more than one ablation needle during the procedure; (2) ablation of more than one tumor focus; 
(3) maximum diameter of tumor >3 cm; (4) extrahepatic metastasis before surgery with an estimated survival of <6 
months; (5) Eastern Cooperative Oncology Group (ECOG) score ≥2; (6) use of non-standard potent opioid 
analgesics during surgery; (7) severe abdominal pain before surgery or a history of long-term (>1 month) use of 
analgesics; (8) concurrent other malignancies; (9) hepatic encephalopathy, restlessness, or other conditions prevent-
ing cooperation with VAS scoring; (10) lack of complete clinical data. Based on these criteria, 218 patients were 
excluded from the study.

We ultimately included 530 patients who received RFA treatment, consisting of 463 males (average age 61.91±11.66 
years; range 33–85 years) and 67 females (average age 62.21±16.13 years; range 31–85 years). All patients in this study 
were diagnosed with HBV-related HCC. The inclusion process for the study patients is shown in Figure 1.

Ablation Procedure and Anesthesia
All RFA procedures in our department are performed under CT guidance (Philips Brilliance iCT 256 slice CT) by 2 
senior interventional radiologists who had over 8 years of experience. In RFA, we use expandable, star-shaped 
electrodes (RITA StarBurst XL (L=15cm) ELECTROSURGICAL DEVICES; AngioDynamics, Inc, Marlborough, 
MA, USA) and a 200W RITA radiofrequency ablation system (RITA System Generator 1500X, AngioDynamics, Inc., 
USA). All patients are awake during the procedures and receive local anesthesia with 50mg (IM) of pethidine 
hydrochloride and then subcutaneous injection of 10 mL of 2% lidocaine along the planned needle path. If a patient 
experiences unbearable pain during ablation, an additional 50mg (IM) of pethidine is administered, and respiratory and 
circulatory systems are monitored. This approach adheres to humane care and ethical standards. However, cases 
involving additional pethidine are excluded from this study to prevent any influence on the physicians’ pain scoring 
and the uniformity of the research. Figure 2.

Intraoperative Pain Assessment
Two interventional radiologists a surgical nurse with six years of experience assessed the severity of abdominal pain during 
RFA procedures using the Visual Analog Scale (VAS). The assessment tool was an Emoji-Based scale, with emojis above 
markings from 0–10; the scale starts at 0 for “no pain” and ends at 10 for “most severe pain”. The pain severity assessment is 
as follows: 0 for no pain; 1–3 for mild pain; 4–6 for moderate pain; and 7–10 for severe pain.10 The patients of all 530 were 
divided into a mild (VAS 1–3) to moderate (VAS 4–6) abdominal pain group and severe abdominal pain (VAS 7–10) group.
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Clinical Data Collection
Based on the requirement that the sample size should be at least ten times the number of variables in a risk factor study, 
this research included nine variables, based on previous studies and clinical practice experience.11 These variables are 
gender, age (<60, ≥60), distribution of tumor (left lobe, right anterior lobe, right posterior lobe), tumor distance to capsule 
(<1cm, ≥1cm), tumor distance to portal vein (<1cm, ≥1cm), maximum diameter of tumor (<2cm, ≥2cm), maximum 
diameter of ablation lesion (<3cm, ≥3cm), maximum ablation temperature (<95°C, ≥95°C), surgical treatment history 

Figure 1 Patient Screening Flowchart.

Figure 2 Radiofrequency ablation under CT guidance.
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(no, yes), and TACE treatment history (no, yes). All data was obtained through the hospital’s electronic medical record 
system. Data entry was conducted by two doctors simultaneously to ensure the accuracy of the information.

Statistical Analysis
Clinical data were analyzed using R software (version 4.3.3). Count data were presented as numbers of cases or ratios. 
All clinical data were categorical variables, and chi-square tests or the Fisher’s exact test were used to determine any 
statistical differences between the modeling and validation groups. Univariate analyses were performed using chi- 
square tests, and variables with statistical significance were included in the multivariate analysis. Subsequently, 
a multivariate logistic regression analysis was conducted to develop a predictive model for severe abdominal pain 
during RFA, and a nomogram was constructed. The performance of the model was quantified using the Receiver 
Operating Characteristic (ROC) curve, and the Area Under the Curve (AUC) was calculated. The clinical utility of the 
nomogram was evaluated through calibration curves and Decision Curve Analysis (DCA). P<0.05 was considered 
statistically significant.

Results
Comparison of Clinical Data Between the Modeling Group and the Validation Group
The modeling group and the validation group showed no significant differences in terms of gender, age, distribution 
of tumor, tumor distance to capsule, tumor distance to portal vein, maximum diameter of tumor, maximum diameter 
of ablation lesion, maximum ablation temperature, surgical treatment history, and TACE treatment history (all  
P>0.05, Table 1).

Table 1 Baseline Demographic and Clinical Characteristics in Modeling Group and Validation Group

Characteristics Classification Modeling Group 
(n=373)

Validation Group 
(n=157)

χ2 

value
P value

Gender Male 326 137 0.002 0.965

Female 47 20

Age (years) <60 160 67 0.002 0.963

≥60 213 90

Distribution of tumor Left lobe 79 32 0.063 0.969

Right anterior lobe 153 66

Right posterior 
lobe

141 59

Tumor distance to capsule 
(cm)

<1 221 99 0.670 0.413

≥1 152 58

Tumor distance to portal vein 

(cm)

<1 32 14 0.016 0.900

≥1 341 143

Maximum diameter of tumor 

(cm)

<2 217 79 2.767 0.096

≥2 156 78

Maximum diameter of 
ablation lesion (cm)

<3 182 76 0.007 0.935

≥3 191 81

(Continued)
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Univariate and Multivariate Analysis of Factors Causing Severe Abdominal Pain During 
RFA
Data from the modeling group indicate that severe abdominal pain during radiofrequency ablation is significantly 
associated with tumor distance to the capsule, tumor distance to portal vein, and TACE treatment history (P < 0.05, 
Table 2). It shows no significant correlation with gender, age, tumor distribution, maximum diameter of tumor, 
maximum diameter of the ablation lesion, maximum ablation temperature, or surgical treatment history (P > 0.05, 
Table 2). Based on the variables that were statistically significant in the univariate analysis, a multivariate logistic 
regression analysis was conducted, the final results showed that: tumor distance to the capsule, tumor distance to portal 
vein, and TACE treatment history were all independent factors influencing severe abdominal pain during RFA in HBV- 
HCC patients (all P <0.05, Table 3).

Table 1 (Continued). 

Characteristics Classification Modeling Group 
(n=373)

Validation Group 
(n=157)

χ2 

value
P value

Maximum ablation 
temperature (°C)

<95 215 83 1.023 0.312

≥95 158 74

Surgical treatment history No 290 127 0.651 0.420

Yes 83 30

TACE treatment history No 175 80 0.722 0.396

Yes 198 77

Abbreviation: TACE, Transarterial Chemoembolization.

Table 2 Univariate Analysis of Severe Abdominal Pain During RFA in Modeling Group

Characteristics Classification Mild to Middle Abdominal 
Pain Group (n=224)

Severe Abdominal 
Pain Group (n=149)

χ2 

value
P value

Gender Male 201 125 2.771 0.096

Female 23 24

Age (years) <60 97 63 0.038 0.845

≥60 127 86

Distribution of tumor Left lobe 44 35 1.422 0.491

Right anterior 
lobe

97 56

Right posterior 
lobe

83 58

Tumor distance to 
capsule (cm)

<1 163 58 42.443 <0.001

≥1 61 91

Tumor distance to 

portal vein (cm)

<1 7 25 21.268 <0.001

≥1 217 124

(Continued)
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Prediction Model Construction and Validation
Employing the β coefficient from logistic regression analysis, we devised a risk assessment equation: P =1/1+e−Y, where  
P denotes the probability of experiencing severe abdominal pain during RFA. In this formula, “e” is the natural logarithm, and  
Y = −1.838+1.345×Tumor distance to capsule+1.301×Tumor distance to portal vein +1.322×TACE treatment history. The ROC 
analysis results showed that the model’s predictive accuracy in the modeling group was reflected by an AUC of 0.756 (95% CI 
0.709–0.803), with a corresponding optimal cutoff value of 0.256 (sensitivity 0.442, specificity 0.940) (Figure 3A). Verification 
from the validation group supported these results, showing an AUC of 0.714 (95% CI 0.633–0.796) and corresponding optimal 
is 0.691 (sensitivity 0.935, specificity 0.391), demonstrating the model’s strong predictive ability (Figure 3B). The calibration 
curve demonstrated general alignment between the predicted and observed outcomes, diagonal dotted line symbolizes the 
optimal scenario for flawless predictions, while a solid line illustrates the actual performance of the model in this study, the 
proximity of the model’s curve to the ideal line suggests that the model’s clinical predictive capability is outstanding (Figure 4). 
Furthermore, the decision curve analysis (DCA) curve indicated a significant net benefit associated with the model (Figure 5).

Construction and Application Example of a Nomogram for the Prediction of Severe 
Pain During RFA
To simplify the presentation of these results, we used a nomogram to depict the model visually (Figure 6). For instance, 
consider a primary HCC patient with a tumor located 0.9cm from the liver capsule, 0.5cm from the portal vein, and no 
prior TACE treatment. Based on these characteristics, scores are obtained from the point axis, totaling 197.5. A vertical 

Table 2 (Continued). 

Characteristics Classification Mild to Middle Abdominal 
Pain Group (n=224)

Severe Abdominal 
Pain Group (n=149)

χ2 

value
P value

Maximum diameter of 
tumor (cm)

<2 134 83 0.623 0.430

≥2 90 66

Maximum diameter of 

ablation lesion (cm)

<3 111 71 0.130 0.719

≥3 113 78

Maximum ablation 

temperature (°C)

<95 129 86 0.001 0.980

≥95 95 63

Surgical treatment 
history

No 178 112 0.955 0.329

Yes 46 37

TACE treatment history No 136 39 42.863 <0.001

Yes 88 110

Abbreviation: TACE, Transarterial Chemoembolization.

Table 3 Multivariate Logistic Regression Analysis of the Factors for Severe Abdominal Pain During RFA

Risk Factor β Standard Error Ward Value OR (95% CI) P value

Tumor distance to capsule (cm) 1.345 0.259 5.2 3.836 (2.310–6.370) <0.001

Tumor distance to portal vein (cm) 1.301 0.4645 2.8 3.673 (1.478–9.129) 0.005

TACE treatment history 1.322 0.2503 5.28 0.267 (0.163–0.435) <0.001

Abbreviation: TACE, Transarterial Chemoembolization.
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line is then drawn from the position corresponding to 197.5 on the total point axis, intersecting with the risk of severe 
pain axis. This intersection indicates that the probability of severe pain during RFA is approximately 70%.

Discussion
Although RFA has been widely practiced globally for decades, most hospitals and surgeons still rely on experiential 
judgment to anticipate intraoperative pain and choose ablation methods. Our study successfully developed a predictive 
nomogram to assess the risk of severe abdominal pain in HCC patients undergoing RFA. To our knowledge, this is the 
first predictive model for pain during RFA procedures. The model includes key variables—Tumor distance to capsule, 
tumor distance to portal vein, and TACE treatment history—significant predictors of severe pain. The nomogram 
demonstrated strong predictive power with an area under the ROC curve of 0.756 for the modeling group and 0.714 
for the validation group. These findings highlight the potential of our nomogram as a clinical tool for preoperative risk 
stratification and personalized pain management around the perioperative period of RFA.
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Figure 4 Calibration curve of the model.

Figure 3 (A) Receiver operating characteristic (ROC) curves of the modeling group. (B) Receiver operating characteristic (ROC) curves of the validation group.
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This study, based on multivariate analysis, shows that tumor distance to capsule, tumor distance to portal vein, and 
TACE treatment history are independent predictors of severe abdominal pain during surgery. The “capsule” refers to the 
liver’s Glisson’s capsule, a dense fibrous structure enveloping the liver, innervated by branches of the intercostal nerves, 
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Figure 5 Decision curve analysis (DCA) curve of the model.
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Figure 6 A nomogram for predicting severe abdominal pain during Radiofrequency Ablation.
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which are sensitive to pain and temperature and provide precise localization.12–14 Tumors located near the portal vein 
may cause severe pain during radiofrequency ablation due to the dense network of autonomic nerves surrounding the 
portal vein. These nerves, which run alongside the liver’s blood vessels, are highly sensitive to thermal damage. The 
ablation process can stimulate these nerves, leading to increased pain perception.15,16 TACE blocks the tumor’s blood 
supply, altering the hemodynamics in the tumor area, which may indirectly reduce the “heat-sink effect” troubling many 
doctors during ablation, result in a more concentrated thermal effect and hence more severe pain.17 Additionally, the 
iodized oil accumulated in the lesion post-TACE, being an oily substance with distinct physical and chemical properties, 
may lead to quicker or more focused heat distribution in the tumor area, increasing pain.

Our results align with Lee’s findings on the proximity of tumors to the peritoneum affecting pain, but our study 
specifies a more precise distance (<1 cm).11 In Lee’s study, the factor of tumor proximity to the portal vein was also 
included, but possibly due to the small sample size, it did not show statistical significance. Moreover, the author did not 
include whether patients had received TACE treatment as a factor.

Our study has limitations. The size of the sample in clinical studies that analyze risk factors and develop predictive models 
is crucial for the statistical power and broader applicability of the results. In the future, we will gather more patient data to 
confirm the reliability of our model and plan multi-center studies to establish external validation cohorts to further test the 
model’s robustness. Additionally, as this was a retrospective study, future efforts should aim to construct prospective, multi- 
center studies incorporating a broader range of clinical and demographic variables to validate our predictive model, enhance its 
applicability, and develop a more universally applicable pain prediction tool that might be used for predicting intraoperative 
pain in patients undergoing other types of ablation like microwave ablation and cryoablation.

Studies on RFA typically focus on survival outcomes, but intraoperative pain is a critical aspect. In most cases, 
percutaneous RFA is performed under local anesthesia with the patient remaining conscious. This can lead to severe 
abdominal pain, possibly accompanied by nausea, vomiting, airway obstruction from aspiration, and even intolerable 
discomfort that may require stopping the procedure. Additionally, doctors often face the dilemma of balancing pain 
management with ensuring sufficient heat delivery to effectively ablate the tumor. Adjusting RFA parameters to alleviate 
pain could resulting in insufficient ablation. Thus, our study fills this gap by providing a practical model, which can help 
doctors design more appropriate anesthesia, pain relief measures, and ablation plans before the procedure.

Conclusion
This study developed and validated a predictive nomogram for severe abdominal pain during RFA in hepatocellular 
carcinoma patients. Key predictors including tumor proximity to the liver capsule, tumor proximity to the portal vein, and 
prior TACE treatment. The nomogram demonstrated strong predictive performance, aiding interventional physicians in 
risk stratification, optimizing pain management strategies, and selecting appropriate alternative options, such as cryoa-
blation or other locoregional therapies.

Key Points
● A nomogram that uses key predictors to accurately forecast severe abdominal pain during RFA for HCC.
● This tool aids doctors in facilitating personalized pain management and potentially guiding alternative treatment 

choices.

Statistics and Biometry
No complex statistical methods were necessary for this paper. All authors have sufficient statistical expertise to conduct 
the study.

Abbreviations
RFA, Radiofrequency Ablation; HCC, Hepatocellular Carcinoma; VAS, Visual Analog Scale; TACE, Transarterial 
Chemoembolization; HBV, Hepatitis B Virus; ROC, Receiver Operating Characteristic; AUC, Area Under the Curve.
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