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Background: Abdominal pain is the most frequent consequence of postembolization syndrome (PES) after drug-eluting bead 
transarterial chemoembolization (DEB-TACE). The analgesic impact of an easily modifiable intraprocedural factor—microsphere 
suspension dilution, remains unclear. We evaluated whether high-fold dilution during DEB-TACE reduces early postprocedural pain 
and severe pain risk without compromising short-term response and safety.
Methods: This single-center retrospective cohort study included 362 patients with hepatocellular carcinoma who underwent DEB- 
TACE. The patients were divided into conventional dilution (Group A, n = 103), 30–50-fold dilution (Group B, n = 127), and > 50- 
fold dilution (Group C, n = 132). The outcomes included a maximum visual analog scale (VAS) pain score within 72 hours and 
moderate-to-severe (VAS score ≥ 4) and severe (VAS score ≥ 7) pain scores. Associations were tested through Spearman correlation 
and trend tests. Univariable and multivariable logistic regression were used to estimate adjusted odds ratios (ORs) for severe pain. 
Short-term tumor response was also assessed according to mRECIST at 1–3 months after the index procedure.
Results: The maximum 72-hour VAS score decreased with increasing dilution (median [interquartile range]: 6.0 [4.0–10.0] vs. 4.0 
[2.0–5.0] vs. 0.0 [0.0–4.0]; P < 0.001). The prevalence of moderate-to-severe pain decreased from 77.7% to 56.7% and 28.8%, 
respectively, and that of severe pain decreased from 48.5% to 10.2% and 6.8%, respectively (Groups A–C). Dilution correlated with 
lower pain severity (ρ = −0.636; P < 0.001). Multivariate analysis revealed that compared with Group A, Groups B and C had lower 
odds of severe pain (OR 0.12 and 0.07; both P < 0.001). Subsegmental superselective catheterization (OR 0.45; P = 0.024) and intra- 
arterial lidocaine (OR 0.53; P = 0.041) were protective, whereas tumor proximity to the liver capsule increased the risk (OR 1.99; P = 
0.024). Short-term tumor response also differed across groups, with the objective response rate increasing from 40.8% in Group A to 
56.7% in Group B and 58.3% in Group C (P = 0.015).
Conclusion: High-fold microsphere suspension dilution during DEB-TACE was associated with reduced early postprocedural 
abdominal pain without compromising short-term laboratory safety.
Keywords: hepatocellular carcinoma, drug-eluting bead transarterial chemoembolization, DEB-TACE, postembolization syndrome, 
abdominal pain, visual analog scale, microsphere suspension dilution, high-fold dilution

Introduction
Liver cancer is the sixth most common cancer and the third leading cause of cancer-related mortality globally.1 For patients 
with unresectable hepatocellular carcinoma (HCC), transarterial chemoembolization (TACE) remains an important locor
egional treatment option.2,3 Nevertheless, postembolization syndrome (PES) occurs frequently after TACE and may adversely 
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affect postprocedural recovery.4–6 Abdominal pain is among the most prevalent adverse events (AEs) reported after TACE and 
remains a major driver of periprocedural supportive care needs.6–8 This clinical burden highlights the importance of 
identifying practical strategies to reduce postprocedural pain and improve tolerability. Evidence suggests that pharmacologic 
prophylaxis, particularly dexamethasone-based regimens, can reduce PES9. In addition, procedural and disease-related factors 
contribute to pain severity, suggesting that technical optimization improves tolerability.10

Drug-eluting bead TACE (DEB-TACE) enables sustained intratumoral chemotherapy delivery while achieving 
embolic ischemia, yet clinically meaningful abdominal pain remains common after DEB-TACE.11 Beyond pharmacolo
gic prophylaxis, intraprocedural technical factors may modulate tolerability by shaping bead dispersion and the 
embolization pattern. Microsphere suspension dilution can influence bead flowability and embolization distribution; 
a more diluted suspension promotes more homogeneous and distal embolization, which may reduce postprocedural pain 
by mitigating abrupt ischemic insult and focal tissue irritation. In routine practice, the bead mixture is often prepared in 
a total volume of 5–10 mL per 1 mL; hereafter, we refer to this as the conventional dilution. In this context, the expert 
recommendations from the Korean Liver Cancer Association suggest diluting the bead mixture to 30–50 mL to facilitate 
homogeneous embolization,12 which may allow for effective DEB-TACE by limiting particle clumping and occlusion of 
the proximal artery. In clinical practice, increasing the dilution volume beyond conventional recommendations (ie., > 50- 
fold dilution) might provide additional analgesic benefits. However, it remains unclear whether higher-fold dilution can 
reduce postprocedural abdominal pain without compromising short-term safety and tumor response.

Therefore, we investigated whether a high dilution volume during DEB-TACE reduces postprocedural pain while 
maintaining procedural safety and short-term tumor response.

Methods
Study Design and Population
This retrospective cohort study was conducted at our institution. Consecutive patients with HCC who underwent DEB-TACE 
between January 2020 and December 2022 were screened. This study was approved by the institutional review board of 
Central Hospital, Tianjin University (IRB No. [2022–039-01]), and the requirement for informed consent was waived because 
of the retrospective design. All patient data were handled in a de-identified and confidential manner throughout data collection 
and analysis. This study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Patients were 
eligible if they 1) were ≥ 18 years old; 2) had HCC confirmed by histopathology or clinically diagnosed according to the 
Primary Liver Cancer Diagnosis and Treatment Guidelines13 and/or the diagnostic criteria of the European Association for the 
Study of the Liver (EASL);14 and 3) underwent DEB-TACE during the study period as the index procedure. For patients who 
underwent multiple DEB-TACE procedures, only the initial procedure was included in the analysis. Patients were excluded if 
they 1) had missing key data (n = 31); 2) received other concurrent locoregional therapies during the same session (eg., 
ablation) or emergent procedures (n = 28); 3) had a history of major abdominal surgery or other causes of acute abdominal pain 
around the time of the procedure that were deemed to confound pain assessment (n = 22); 4) had concomitantly used lipiodol 
during the DEB-TACE procedure (n = 157); and 5) had preprocedural liver function of Child‒Pugh class C or main portal vein 
tumor thrombus (PVTT) (n = 53). The details are shown in Figure 1.

DEB-TACE Procedure
DEB-TACE procedures were performed in a dedicated angiographic suite under local anesthesia (2% lidocaine). Access 
was obtained via the common femoral artery, after which catheter-based angiography of the celiac trunk and superior 
mesenteric artery was performed to map the hepatic arterial anatomy, identify tumor-feeding vessels, and verify patency 
of the portal vein. When helpful, intraprocedural cone-beam CT was performed to assist in superselective catheterization 
and to assess tumor vascularization. Target feeders were then catheterized with a microcatheter, and chemoembolization 
was performed using CalliSphere drug-eluting beads (100–300 μm) or DCBeads (300–500 μm) preloaded with epirubicin 
(40 mg per vial). The intended treatment endpoint was near stasis in the superselective tumor-supplying artery after 
microsphere delivery.15 If near stasis was not achieved after microsphere administration, adjunctive bland embolization 
was used until the endpoint was reached.
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Dilution Protocol and Group Definition
To prepare the microspheres, first, the storage solution was completely aspirated to obtain the packing solution. 
Preprepared epirubicin was subsequently loaded into the microspheres gently. The injectate was then prepared by 
adding a mixture of normal saline and nonionic contrast medium at a 1.5:1 (saline:contrast) ratio to achieve the 
intended total suspension volume. The suspension was homogenized through gentle manual agitation immediately 
before delivery and intermittently during delivery to minimize sedimentation and ensure uniform dispersion. Injection 
was administered slowly with brief pauses and intermittent angiographic checks to avoid reflux and reassess 
antegrade flow.

The dilution factor was defined as the total suspension volume divided by the number of epirubicin-loaded beads. For 
all analyses, the patients were categorized according to the calculated dilution factor for each index procedure: Group 
A (conventional 5–10-fold dilution), Group B (30–50-fold), and Group C (> 50-fold). The observed dilution range in 
Group C was 50–80-fold. The three categories are illustrated in Figure 2.

Figure 2 Representative macroscopic appearance of microsphere suspensions prepared with different dilution strategies. From left to right: Group A, conventional (5–10- 
fold) dilution; Group B, 30–50-fold dilution; and Group C, > 50-fold dilution. The image illustrates the progressively lower bead concentration and more dispersed 
microsphere distribution with increasing dilution.

HCC patients undergoing 
DEB-TACE during 2020 to 

2022 (n = 653)
• Incomplete key data (n = 31)

• Concurrent locoregional therapy (n = 28)

• Prior confounding abdominal condition/ 

surgery (n = 22)

• Concomitant lipiodol use (n = 157)

• Child-Pugh C grade or main PVTT (n = 53)
Patients included in the 
final analysis (n = 362)

Group A
(Conventional dilution)

n = 103

Group B
(30-50-fold dilution)

n = 127

Group C
(>50-fold dilution)

n = 132

Figure 1 Flowchart of the study.
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Intra-arterial lidocaine was administered for pain prophylaxis at the operator’s discretion. The periprocedural analgesic 
regimen remained relatively stable throughout the study period and followed a stepwise, as-needed approach. Postprocedurally, 
nonopioid analgesics were used as first-line treatment for mild-to-moderate pain (eg., intramuscular bucinnazine 50–100 mg or 
intravenous flurbiprofen axetil 50 mg) on demand rather than routinely. If pain progressed to severe intensity or was inadequately 
controlled with first-line agents, second-line opioid analgesics were initiated (eg., intramuscular pethidine 50–100 mg or 
intravenous morphine 5–10 mg). Prophylactic corticosteroids were not routinely administered.

Data Collection
The clinical data collected included patient demographics and baseline clinical status. The tumor-related variables 
included the Barcelona Clinic Liver Cancer (BCLC) stage, largest tumor diameter, total tumor number, tumor proximity 
to the liver capsule, and the presence of PVTT. PES was assessed during hospitalization and was defined as the 
occurrence of fever, nausea, vomiting, fatigue, or diarrhea documented in the medical records. Pain was analyzed 
separately. Procedural variables included superselective catheterization (subsegmental level), microsphere size (100–
300 μm and 300–500 μm), and injected bead volume. Laboratory parameters, including liver function tests, renal 
function, and inflammatory markers, were collected at baseline and within 3 days after DEB-TACE.

Outcomes
Pain intensity was assessed using a 0–10 visual analog scale (VAS) recorded in routine postoperative nursing documenta
tion. VAS assessments were performed at 0 h, 4 h, 8 h, 24 h, 48 h, and 72 h after the procedure.16 In addition, any patient- 
reported pain at any time point triggered an immediate assessment. The primary pain outcome was the maximum VAS 
score within 72 hours after DEB-TACE. Moderate-to-severe pain and severe pain were defined as a VAS score ≥ 4 and ≥ 
7, respectively. Safety outcomes were evaluated on the basis of changes in liver and renal function parameters (eg., 
Δalanine aminotransferase (ALT), Δaspartate aminotransferase (AST), Δalbumin (ALB), Δtotal bilirubin (TBIL), 
Δcreatinine, and Δblood urea nitrogen (BUN)), which were calculated as postprocedure values within 3 days minus 
baseline. Short-term tumor response was assessed on contrast-enhanced CT/MRI performed 1–3 months after the index 
procedure according to modified Response Evaluation Criteria in Solid Tumors (mRECIST), categorized as complete 
response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The objective response rate 
(ORR) was defined as CR+PR, and the disease control rate (DCR) was defined as CR+PR+ SD.

Statistical Analysis
Continuous variables were tested for normality using the Shapiro–Wilk test and are presented as the mean ± standard deviation 
for normally distributed data or median [interquartile range (IQR)] for nonnormally distributed data. Categorical variables are 
reported as counts (percentages). Comparisons among the three dilution groups (A, B, and C) were performed using one-way 
analysis of variance for normally distributed continuous variables, with the Bonferroni correction for multiple comparisons 
and the Kruskal–Wallis test with Dunn’s test for nonnormally distributed variables. Categorical variables were compared 
using the χ2-test or Fisher’s exact test, as appropriate. The dilution strategy (A = 1, B = 2, C = 3) was treated as an ordinal 
variable and correlated with the maximum VAS score using Spearman’s rank correlation; the trend in categorical pain 
outcomes was assessed using the Cochran–Armitage trend test. To identify independent predictors of severe pain, prespecified 
covariates were first examined in univariable logistic regression analyses. Covariates with P < 0.05 were then entered into 
a multivariable logistic regression model to estimate adjusted odds ratios (ORs) with 95% confidence intervals (CIs).

Subgroup analyses were performed to assess the consistency of the association between the dilution strategy and pain 
outcomes across clinically relevant strata, including sex, age (< 65 vs. ≥ 65 years), intra-arterial lidocaine use (yes vs. 
no), tumor proximity to the liver capsule (yes vs. no), maximum tumor diameter (< 5 cm vs. ≥ 5 cm), injected bead 
volume (< 1 mL vs. ≥ 1 mL), microsphere size (100–300 μm vs. 300–500 μm), number of prior TACE sessions (≤ 2 vs. > 
2 times), Child‒Pugh grade, and PVTT (yes vs. no). To assess whether the association between the high-fold group 
(Group C vs. Group A+B) and the outcome differed across prespecified subgroups, interaction terms between group and 
each subgroup variable were included in logistic regression models, and P values for interaction were derived from the 
corresponding group × subgroup terms.
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All tests were two-sided, and a P value < 0.05 was considered to indicate statistical significance. Statistical analyses 
were performed using R (version 4.4.3, R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline and Procedural Characteristics
A total of 362 patients with 906 tumors were included (Group A, n = 103; Group B, n = 127; Group C, n = 132). Overall, 
67.1% of the patients were male, and the mean age was 62 ± 10 years. Baseline demographic, tumor-related, and 
procedural characteristics were similar across the three groups (Table 1). There were no significant between-group 
differences in sex, age, maximum tumor diameter, tumor number, Child‒Pugh class, PVTT status, or BCLC stage (all P > 
0.05). Procedural characteristics did not differ significantly, including the number of prior TACE sessions, tumor 
proximity to the liver capsule, rate of subsegmental superselective catheterization, microsphere size, injected bead 
volume, or intra-arterial lidocaine use (all P > 0.05).

Clinical Efficacy
Among the 362 patients, the distribution of mRECIST responses differed significantly across groups (P = 0.006). The 
proportions of CR, PR, SD, and PD were 2.9%, 37.9%, 41.7%, and 17.5%, respectively, in Group A; 3.9%, 52.8%, 
33.9%, and 9.4% in Group B; and 6.8%, 51.5%, 33.3%, and 8.3% in Group C. Accordingly, the ORR (CR+PR) increased 
from 40.8% (Group A) to 56.7% (Group B) and 58.3% (Group C) (overall P = 0.015); pairwise comparisons indicated 
a higher ORR in Groups B and C than in Group A (A vs. B, P = 0.025; A vs. C, P = 0.023), with a difference between 
Groups B and C (P = 0.792). The disease control rates (DCR; CR+PR+SD) were 82.5%, 90.6%, and 91.7% in Groups A, 
B, and C, respectively (P = 0.064) (Figure 3).

Table 1 Baseline and Procedural Characteristics

Variables Category All  
(n = 362)

Group A  
(n = 103)

Group B  
(n = 127)

Group C  
(n = 132)

P

Sex (male) 243 (67.1%) 69 (67%) 92 (72.4%) 82 (62.1%) 0.210

Age 62 ± 10 62 ± 9 62 ± 10 62 ± 11 0.994
Maximum tumor diameter (cm) 5.4 [4.3, 8.1] 5.1 [4.1, 8.3] 4.8 [3.9, 7.7] 5.9 [4.6, 8.2] 0.108

Tumor number 2 [1, 4] 3 [1, 4] 2 [1, 3] 2 [1, 3] 0.166

Child‒Pugh A 158 (43.6%) 40 (38.8%) 61 (48%) 57 (43.2%) 0.373
B 204 (56.4%) 63 (61.2%) 66 (52%) 75 (56.8%)

PVTT 59 (16.3%) 14 (13.6%) 23 (18.1%) 22 (16.7%) 0.647

AFP (> 400 ng/mL) 269 (74.3%) 75 (72.8%) 98 (77.2%) 96 (72.7%) 0.658
BCLC A 39 (10.8%) 12 (11.7%) 15 (11.8%) 12 (9.1%) 0.210

B 225 (62.2%) 67 (65%) 69 (54.3%) 89 (67.4%)

C 98 (27.1%) 24 (23.3%) 43 (33.9%) 31 (23.5%)
Prior TACE sessions (> 2 times) 178 (49.2%) 49 (47.6%) 70 (55.1%) 59 (44.7%) 0.228

Tumor proximity to the liver capsule 159 (43.9%) 50 (48.5%) 49 (38.6%) 60 (45.5%) 0.288

Subsegmental superselective catheterization 116 (32%) 33 (32%) 41 (32.3%) 42 (31.8%) 0.997
Microsphere size 100–300 μm 251 (69.3%) 67 (65%) 93 (73.2%) 91 (68.9%) 0.405

300–500 μm 111 (30.7%) 36 (35%) 34 (26.8%) 41 (31.1%)

Injected bead volume < 1 mL 187 (51.7%) 57 (55.3%) 60 (47.2%) 70 (53%) 0.438
≥ 1 mL 175 (48.3%) 46 (44.7%) 67 (52.8%) 62 (47%)

Intra-arterial lidocaine use 171 (47.2%) 43 (41.7%) 62 (48.8%) 66 (50%) 0.411

Abbreviations: PVTT: portal vein tumor thrombosis; AFP: alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer staging system.
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Associations Between Dilution Level and Pain Severity
Postprocedural pain clearly decreased in a stepwise manner across the three dilution groups (Figure 4). The maximum 
72-hour VAS score decreased from Group A to Group B and Group C (median [IQR]: 6.0 [4.0–10.0] vs. 4.0 [2.0–5.0] vs. 
0.0 [0.0–4.0]; P < 0.001), and all pairwise comparisons remained significant (all adjusted P < 0.001). The overall 
proportion of patients who experienced moderate-to-severe pain (VAS score ≥ 4) was 52.5% and decreased across groups 
(77.7%, 56.7%, and 28.8%), whereas severe pain (VAS score ≥ 7) occurred in 19.9% of patients overall and decreased 
from 48.5% to 10.2% and 6.8% in Groups A, B, and C, respectively. Increased dilution was associated with decreased 
pain severity (Spearman’s ρ = −0.636, P < 0.001; 95% CI, −0.702 to −0.552). The results of the Cochran–Armitage trend 
test further supported a significant linear trend in the incidence of moderate-to-severe pain across the ordered dilution 
groups (P < 0.001).

The incidence of PES excluding pain decreased from Group A to Group B and Group C (29.1% vs. 19.7% vs. 12.9%; 
overall P = 0.008), with a significant difference between Group A and Group C in pairwise comparisons (adjusted P = 
0.003). By contrast, the differences between Group A and Group B and between Group B and Group C were not 
statistically significant (adjusted P = 0.12 and 0.177, respectively). The length of stay was similar across groups (median 
[IQR]: 5 [4–6] vs. 5 [4–5] vs. 4 [4–5] days; P = 0.26).

Laboratory Safety Outcomes
Baseline liver and renal function parameters were comparable across the three dilution groups, and postprocedural 
changes in laboratory values were observed (Table 2). No significant differences were observed across groups in ΔALT, 
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20%

40%

60%

A B C
Treatment Group

P
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mRECIST

CR

PR

SD

PD

Figure 3 Distribution of tumor response by mRECIST across Groups A, B, and C; stacked bars represent the proportions of patients who achieved CR, PR, SD and PD, 
respectively, in each group.
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ΔAST, ΔALB, Δcreatinine, or ΔBUN (all P > 0.05). The ΔTBIL slightly increased in the higher-dilution group, although 
this difference did not reach statistical significance (P = 0.092). Overall, these findings indicate that the dilution strategy 
primarily influenced postprocedural pain outcomes without compromising short-term hepatic or renal safety, as reflected 
by routine laboratory tests.

0

5

10

A B C
Treatment Group

VA
S

 S
co

re
 (

0−
10

)

Figure 4 Distribution of maximum 72-hour VAS pain scores across dilution groups. Violin plots with overlaid boxplots show the distribution of maximum VAS scores within 
72 hours after DEB-TACE in Groups A, B, and C. Overall between-group comparison was significant (Kruskal–Wallis test, P < 0.001), and all pairwise comparisons were 
significant after adjustment (all adjusted P < 0.001).

Table 2 Laboratory Safety Outcomes at Baseline and Within 3 days After DEB-TACE

Variable (Unit) Group Pre P value 
(Pre Values 
Across 
Groups)

Post P value 
(Post Values 
Across 
Groups)

Δ Post-Pre P value 
(ΔAcross 
Groups)

CRP (mg/L) All 6.3 ± 2.0 0.346 18.3 ± 11.1 0.571 12.1 ± 11.2 0.495

A 6.3 ± 2.2 17.4 ± 10.7 11.2 ± 10.8
B 6.5 ± 2.3 18.4 ± 11.1 11.9 ± 11.2

C 6.1 ± 1.5 19.0 ± 11.5 12.9 ± 11.5

TBIL (µmol/L) All 27.9 [16.8, 40.5] 0.245 31.9 [18.3, 43.9] 0.159 2.55 [0.40, 6.18] 0.092
A 27.2 [14.9, 39.3] 31.4 [15.9, 42.4] 1.70 [0.25, 5.20]

B 27.7 [15.0, 39.0] 30.9 [17.0, 45.2] 2.20 [0.15, 5.70]

C 28.4 [22.8, 41.0] 32.8 [25.3, 43.8] 3.90 [0.78, 6.62]

(Continued)
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Univariable and Multivariable Analyses for Severe Pain
According to the univariable logistic regression analysis, the dilution factor was significantly associated with severe pain 
(Group B: OR 0.12, 95% CI 0.06–0.24, P < 0.001; Group C: OR 0.08, 95% CI 0.03–0.16, P < 0.001). Subsegmental 
superselective catheterization (OR 0.54, 95% CI 0.29–0.98; P = 0.048) and intra-arterial lidocaine use (OR 0.53, 95% CI 
0.30–0.89; P = 0.019) were associated with lower odds of severe pain, whereas tumor proximity to the liver capsule was 
associated with higher odds (OR 1.93, 95% CI 1.15–3.27; P = 0.014). Multivariate analysis revealed that the association 
between higher dilution and lower odds of severe pain remained significant (Group B: OR 0.12, 95% CI 0.06–0.24, 
P < 0.001; Group C: OR 0.07, 95% CI 0.03–0.15, P < 0.001). Subsegmental superselective catheterization (OR 0.45, 
95% CI 0.22–0.88; P = 0.024) and intra-arterial lidocaine use (OR 0.53, 95% CI 0.28–0.97; P = 0.041) remained protective, 
whereas tumor proximity to the liver capsule remained an independent risk factor (OR 1.99, 95% CI 1.10–3.65; P = 0.024) 
(Table 3).

Subgroup Analyses
In the overall cohort, compared with Group A+B, Group C was associated with a significantly lower incidence of severe pain 
(6.8% vs. 27.4%), with an OR of 0.19 (95% CI 0.09–0.40; P < 0.001). This association was generally consistent across 
prespecified subgroups, with ORs mostly ranging from 0.10 to 0.45 and statistically significant P values in most strata. No 
significant interactions were detected for sex (P = 0.989), age (< 65 vs. ≥ 65; P = 0.542), intraprocedural lidocaine use (P = 
0.351), tumor proximity to the liver capsule (P = 0.292), maximum tumor diameter (P = 0.168), injected bead volume (< 1 mL vs. 
≥ 1 mL; P = 0.502), microsphere size (100–300 μm vs. 300–500 μm; P = 0.273), prior TACE session (≤ 2 vs. > 2 times; P = 
0.486), or presence and absence of PVTT (P = 0.582), indicating that the treatment effect differed across these factors. 
A significant interaction was detected for the Child‒Pugh class (P for interaction = 0.038): the pain relief effect was more 
significant in Child‒Pugh B patients than in Child‒Pugh A patients. The details are shown in Figure 5.

Table 2 (Continued). 

Variable (Unit) Group Pre P value 
(Pre Values 
Across 
Groups)

Post P value 
(Post Values 
Across 
Groups)

Δ Post-Pre P value 
(ΔAcross 
Groups)

ALT (U/L) All 47 ± 15 0.332 54 ± 18 0.643 6.4 ± 5.6 0.590

A 47 ± 15 54 ± 19 6.6 ± 5.5
B 46 ± 16 53 ± 19 6.7 ± 5.2

C 49 ± 14 55 ± 17 6.1 ± 6.0

AST (U/L) All 58 [23, 100] 0.910 66 [24, 111] 0.955 6.0 [1, 14] 0.549
A 59 [22, 100] 66 [24, 110] 5.0 [1.5, 14.0]

B 57 [30, 100] 67 [34, 112] 6.0 [1.0, 14.0]

C 57 [17, 99] 62 [22, 113] 5.0 [0.75, 13.0]
ALB (g/L) All 36.0 ± 5.5 0.301 36.7 ± 5.4 0.342 0.71 ± 7.59 0.136

A 36.6 ± 5.3 36.1 ± 5.6 −0.54 ± 7.60

B 35.5 ± 5.6 36.8 ± 5.3 1.35 ± 7.62
C 36.0 ± 5.4 37.1 ± 5.2 1.06 ± 7.49

Creatinine (µmol/L) All 79.63 ± 26.12 0.778 84.26 ± 28.85 0.440 4.63 ± 37.04 0.612

A 80.90 ± 26.58 83.24 ± 30.44 2.34 ± 37.62
B 79.80 ± 25.56 86.88 ± 28.74 7.09 ± 36.67

C 78.48 ± 26.44 82.54 ± 27.69 4.05 ± 37.07

BUN (mmol/L) All 7.75 ± 3.21 0.165 8.34 ± 3.31 0.535 0.59 ± 4.55 0.110
A 8.16 ± 3.31 8.04 ± 3.31 −0.12 ± 4.86

B 7.36 ± 3.24 8.50 ± 3.11 1.14 ± 4.12
C 7.80 ± 3.08 8.43 ± 3.51 0.63 ± 4.66

Abbreviations: CRP, C-reactive protein; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; BUN, blood urea nitrogen.
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Discussion
In this single-center retrospective cohort, higher microsphere dilution was associated with a marked, stepwise reduction 
in post-DEB-TACE pain. Increased dilution correlated strongly with lower maximum 72-hour VAS scores, and compared 
with conventional dilution, both the 30–50-fold and > 50-fold strategies were independently associated with substantially 
lower odds of severe pain after multivariable adjustment. Early postprocedural laboratory changes were comparable 
across groups, suggesting that greater dilution reduced pain without evident short-term hepatic or renal toxicity.

As locoregional treatment strategies for unresectable HCC continue to expand, both treatment efficacy and procedure-related 
tolerability remain important clinical considerations.17 Prior syntheses have reported high PES rates,18 and abdominal pain 
remains the most frequent symptom.6–8 Although DEB-TACE enables sustained intratumoral drug delivery and may reduce 
systemic exposure, it is not consistently associated with a lower incidence of postprocedural abdominal pain than other 
approaches, and published results remain heterogeneous.11,19 Beyond pain, overall postprocedural symptom burden may be 
influenced by regimen tolerability: anthracycline-based DEB-TACE can be accompanied by nausea, vomiting, or diarrhea,20–23 

and a lower doxorubicin dose is associated with fewer PES symptoms.24 Several studies have identified DEB-TACE as an 
independent predictor of severe abdominal pain.8,25,26 In our study, 52.5% of patients experienced moderate-to-severe pain, 
highlighting the importance of optimizing pain mitigation strategies specifically for this procedure.

This variability is likely driven in part by clinical and technical heterogeneity. Wang et al10 reported that nonsuperselective 
chemoembolization and the presence of PVTT are crucial determinants of post-DEB-TACE abdominal pain. Other studies 
have shown that PES was more frequently observed with more extensive embolization, whereas microsphere size was not 
significantly associated,27 which is consistent with our findings. Tumor anatomy may also increase pain vulnerability; 
evidence from ablation suggests that tumor distance to the capsule is an independent determinant of severe abdominal 
pain,28 supporting the plausibility that capsule-adjacent lesions are more pain prone to locoregional therapies.

Mechanistically, post-TACE pain is believed to arise primarily from ischemia- and inflammation-related injury 
following embolization, including capsular irritation when lesions are subcapsular,4,7 with a potential contribution 
from local chemical irritation due to high intra-arterial concentrations of the delivered agent.

Existing studies in this setting have mainly focused on pharmacologic prophylaxis, multimodal analgesia, and pain 
risk prediction, whereas relatively little attention has been paid to modifiable intraprocedural technical factors. 
Pharmacologic approaches, particularly dexamethasone- and lidocaine-based strategies, have shown benefit in reducing 
post-TACE pain and other PES-related symptoms.9,29,30 While these studies support the effectiveness of drug-based 
strategies for alleviating PES, they also raise practical concerns: many patients with HCC have underlying cirrhosis, 
short-term post-TACE liver function fluctuations are common, and polypharmacy may increase hepatic metabolic burden 

Table 3 Univariate and Multivariate Logistic Regression Analyses of Factors Associated with Severe Pain

Variable Univariable Analysis Multivariable Analysis

Odds ratio 95% CI P Adjusted odds ratio 95% CI P

Group A Reference Reference

B 0.12 0.06–0.24 < 0.001 0.12 0.06–0.24 < 0.001
C 0.08 0.03–0.16 < 0.001 0.07 0.03–0.15 < 0.001

Child‒Pugh B 1.37 0.81–2.36 0.241

Age 1.01 0.99–1.04 0.415
PVTT 1.03 0.50–2.02 0.925

Subsegmental superselective catheterization 0.54 0.29–0.98 0.048 0.45 0.22–0.88 0.024

Intra-arterial lidocaine use 0.53 0.30–0.89 0.019 0.53 0.28–0.97 0.041
Tumor proximity to the liver capsule 1.93 1.15–3.27 0.014 1.99 1.10–3.65 0.024

Maximum tumor diameter 1.40 0.83–2.39 0.205

Injected bead volume (≥ 1 mL) 0.88 0.52–1.48 0.634
Larger microsphere size (300–500 μm) 1.36 0.78–2.33 0.264

Prior TACE sessions (> 2 times) 1.04 0.62–1.75 0.875

Abbreviations: PVTT, portal vein tumor thrombosis; CI, confidence interval.

Journal of Hepatocellular Carcinoma 2026:13                                                                                    https://doi.org/10.2147/JHC.S602858                                                                                                                                                                                                                                                                                                                                                                                                       9

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



and medication-related risks. Moreover, glucocorticoids still warrant caution regarding hyperglycemia and infection.9,29 

In our cohort, intra-arterial lidocaine use was likewise associated with lower odds of severe pain after multivariable 
adjustment. Taken together, these findings support the importance of pain prevention in this setting, while also high
lighting the potential value of complementary nonpharmacologic intraprocedural optimization.

A recent evidence summary on the prevention and treatment of post-TACE embolism syndrome further emphasized that 
optimal management should integrate preoperative preparation, intraoperative intervention, and postoperative symptom 
control, highlighting the importance of a more structured and individualized approach to symptom prevention.31 In this 
context, this study also has several strengths. First, our study focused on a clinically relevant and potentially modifiable 

Figure 5 Forest plot of subgroup analyses comparing Group C versus Group A+B; points indicate odds ratios, and horizontal lines indicate 95% confidence intervals, with 
P values for interactions derived from group × subgroup terms in logistic regression models.
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intraprocedural technical factor, rather than on adjunctive pharmacologic pain control alone. Second, the study included 
a relatively large cohort with clearly defined dilution groups and demonstrated a consistent stepwise association across 
multiple pain outcomes, multivariable analyses, and prespecified subgroup analyses. These findings extend current knowledge 
by suggesting that microsphere suspension dilution is not merely a procedural preference, but a potentially modifiable 
technical determinant of early post-DEB-TACE pain. Several interrelated mechanisms may explain the analgesic effect of 
high-fold dilution: (1) a more dispersed and uniform microsphere distribution in the bloodstream, reducing focal aggregation 
that can cause abrupt increases in perfusion pressure and acute ischemic necrosis; (2) increased diluent volume improving 
microsphere flowability within feeding arteries, facilitating entry into smaller branches and thereby achieving a gentler, more 
progressive distal embolization—which may also contribute to improved early radiographic response,32 although this 
observation should be interpreted cautiously and remains exploratory; and (3) a lower peak local drug concentration, which 
may lessen chemical irritation and vasospasm-related amplification of pain. Thus, high-volume dilution can be viewed as 
a technical counterpart to superselection, promoting a more tolerable ischemic insult by modulating the physical dynamics of 
the embolization process.

Several limitations should be acknowledged. First, this retrospective, nonrandomized study is susceptible to residual 
confounding; notably, dilution practices evolved over time, introducing potential temporal and practice-related bias. No 
formal a priori sample size calculation was performed because of the retrospective design. However, the number of 
severe pain events was adequate for the primary multivariable analysis, and the observed effect size supported the 
robustness of the primary findings. In addition, baseline demographic and tumor-related characteristics were well 
balanced across the three groups, and multivariable analysis was performed to adjust for potential confounders such as 
superselectivity and lidocaine use. Second, although the periprocedural analgesic regimens were relatively stable during 
the study period, analgesic exposure was not fully standardized at the individual-patient level. Outcomes relied primarily 
on routine nursing VAS documentation within 72 hours; longer-term and patient-reported measures of PES and quality of 
life were not available. Third, although early laboratory safety signals were comparable across groups, the present data 
are insufficient to determine whether differences in radiological response translate into durable tumor control or survival 
benefit. Prospective studies with standardized periprocedural management and longer follow-up periods are warranted to 
confirm these findings and to evaluate repeated TACE tolerance and long-term outcomes. In conclusion, patients with 
HCC who underwent DEB-TACE, increasing microsphere suspension dilution was associated with a marked, stepwise 
reduction in early postprocedural pain without evidence of short-term hepatic or renal toxicity on routine laboratory tests. 
Our findings add to current knowledge by identifying microsphere suspension dilution as a clinically relevant and 
potentially modifiable intraprocedural factor associated with lower early pain burden after DEB-TACE. This simple 
intraprocedural technical modification may improve patient comfort during the early postprocedural period.

Abbreviations
AE, adverse event; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; BUN, blood urea nitrogen; CBCT, cone-beam computed tomography; CI, confidence interval; CR, 
complete response; CRP, C-reactive protein; DCR, disease control rate; DEB-TACE, drug-eluting bead transarterial 
chemoembolization; EASL, European Association for the Study of the Liver; HCC, hepatocellular carcinoma; IQR, 
interquartile range; IRB, institutional review board; mRECIST, modified Response Evaluation Criteria in Solid Tumors; 
OR, odds ratio; ORR, objective response rate; PD, progressive disease; PES, postembolization syndrome; PR, partial 
response; PVTT, portal vein tumor thrombosis; SD, stable disease; TACE, transarterial chemoembolization; TBIL, total 
bilirubin; VAS, visual analog scale.

Acknowledgments
We thank Xinwei Tao, an employee from Boston Scientific, for her kind technical support.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 

Journal of Hepatocellular Carcinoma 2026:13                                                                                    https://doi.org/10.2147/JHC.S602858                                                                                                                                                                                                                                                                                                                                                                                                      11

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
Supported by grants from the Tianjin Health Science and Technology Project (No. TJWJ2022QN045), Tianjin Key 
Medical Discipline Construction Project (No. TJYXZDXK-3-020c) and Beijing Medical Award Foundation (No. YXJL- 
2020-0972-1216).

Disclosure
All the authors report no relevant conflicts of interest for this article.

References
1. Chan SL, Sun H-C, Xu Y, et al. The Lancet Commission on addressing the global hepatocellular carcinoma burden: comprehensive strategies from 

prevention to treatment. Lancet. 2025;406(10504):731–778. doi:10.1016/S0140-6736(25)01042-6
2. Park J-W, Chen M, Colombo M, et al. Global patterns of hepatocellular carcinoma management from diagnosis to death: the BRIDGE Study. Liver 

Int. 2015;35(9):2155–2166. doi:10.1111/liv.12818
3. Reig M, Sanduzzi-Zamparelli M, Forner A, et al. BCLC strategy for prognosis prediction and treatment recommendations: the 2025 update. 

J Hepatol. 2025. doi:10.1016/j.jhep.2025.10.020
4. Chang L, Wang W, Jiang N, et al. Dexamethasone prevents TACE-induced adverse events: a meta-analysis. Medicine. 2020;99(47):e23191. 

doi:10.1097/MD.0000000000023191
5. Roehlen N, Stoehr F, Müller L, et al. Prediction of postembolization syndrome after transarterial chemoembolization of hepatocellular carcinoma 

and its impact on prognosis. Hepatol Commun. 2023;7(10). doi:10.1097/HC9.0000000000000252
6. Thanakunchai T, Hongthanakorn C. Prevalence and risk factors of post-chemoembolization syndrome after chemo-embolization for hepatocellular 

carcinoma in Thailand. Digestive Diseases and Sciences. 2023;68(9):3818–3823. doi:10.1007/s10620-023-08010-3
7. Arendt N, Kopsida M, Khaled J, Sjöblom M, Heindryckx F. Gastrointestinal side effects in hepatocellular carcinoma patients receiving transarterial 

chemoembolization: a meta-analysis of 81 studies and 9495 patients. Therap Adv Med Oncol. 2025;17:17588359251316663. doi:10.1177/ 
17588359251316663

8. Bian LF, Zhao XH, Gao BL, et al. Predictive model for acute abdominal pain after transarterial chemoembolization for liver cancer. Article. World 
J Gastroenterol. 2020;26(30):4442–4452. doi:10.3748/WJG.V26.I30.4442

9. Li R, Huang Z, Liu Y, Li T. Efficacy of prophylactic dexamethasone in reducing post-embolization syndrome following transcatheter arterial 
chemoembolization for hepatocellular carcinoma: a systematic review and meta-analysis. BMC Gastroenterol. 2025;25(1):577. doi:10.1186/ 
s12876-025-04169-3

10. Wang TC, Zhang ZS, Xiao YD. Determination of risk factors for pain after transarterial chemoembolization with drug-eluting beads for 
hepatocellular carcinoma. Article. J Pain Res. 2020;13:649–656. doi:10.2147/JPR.S246197

11. Vogl TJ, Lammer J, Lencioni R, et al. Liver, gastrointestinal, and cardiac toxicity in intermediate hepatocellular carcinoma treated with 
PRECISION TACE with drug-eluting beads: results from the PRECISION V randomized trial. Am J Roentgenol. 2011;197(4):W562–W570. 
doi:10.2214/AJR.10.4379

12. Cho Y, Choi JW, Kwon H, et al. Transarterial chemoembolization for hepatocellular carcinoma: 2023 Expert consensus-based practical recom
mendations of the Korean Liver Cancer Association. CMH. 2023;29(3):521–541. doi:10.3350/cmh.2023.0202

13. Zhou J, Sun H, Wang Z. China liver cancer guidelines for the diagnosis and treatment of hepatocellular carcinoma (2024 edition). Liver Cancer. 
2025;14(6):779–835. doi:10.1159/000546574

14. Sangro B, Argemi J, Ronot M, et al. EASL clinical practice guidelines on the management of hepatocellular carcinoma. J Hepatol. 2025;82 
(2):315–374. doi:10.1016/j.jhep.2024.08.028

15. Lencioni R, de Baere T, Burrel M, et al. Transcatheter treatment of hepatocellular carcinoma with doxorubicin-loaded DC Bead (DEBDOX): 
technical recommendations. CardioVasc Intervent Radiol. 2012;35(5):980–985. doi:10.1007/s00270-011-0287-7

16. Wang LZ, Hu XX, Shen XA-O, Wang TA-O, Zhou SA-O. Intraarterial lidocaine administration for pain control by water-in-oil technique in transarterial 
chemoembolization: in vivo and randomized clinical trial. J Hepatocellular Carcinoma. 2012;8(2253–5969 (Print)):1221–1232. doi:10.2147/JHC. 
S331779

17. Sheta E, El-Kalla F, El-Gharib M, et al. Comparison of single-session transarterial chemoembolization combined with microwave ablation or 
radiofrequency ablation in the treatment of hepatocellular carcinoma: a randomized-controlled study. Eur J Gastroenterol Hepatol. 2016;28(10).

18. Lencioni R, de Baere T, Soulen MC, Rilling WS, Geschwind JFH. Lipiodol transarterial chemoembolization for hepatocellular carcinoma: 
a systematic review of efficacy and safety data. Hepatology. 2016;64(1):106–116. doi:10.1002/hep.28453

19. Golfieri R, Giampalma E, Renzulli M, et al. Randomised controlled trial of doxorubicin-eluting beads vs conventional chemoembolisation for 
hepatocellular carcinoma. Br J Cancer. 2014;111(2):255–264. doi:10.1038/bjc.2014.199

20. Park MS, Kim SU, Park JY, et al. Combination treatment of localized concurrent chemoradiation therapy and transarterial chemoembolization in 
locally advanced hepatocellular carcinoma with intrahepatic metastasis. Cancer Chemother Pharmacol. 2013;71(1):165–173. doi:10.1007/s00280- 
012-1993-9

21. Cho J-Y, Paik Y-H, Park HC, et al. The feasibility of combined transcatheter arterial chemoembolization and radiotherapy for advanced 
hepatocellular carcinoma. Liver Int. 2014;34(5):795–801. doi:10.1111/liv.12445

22. El Fouly A, Ertle J, El Dorry A, et al. In intermediate stage hepatocellular carcinoma: radioembolization with yttrium 90 or chemoembolization? 
Liver Int. 2015;35(2):627–635. doi:10.1111/liv.12637

https://doi.org/10.2147/JHC.S602858                                                                                                                                                                                                                                                                                                                                                                                                                                                   Journal of Hepatocellular Carcinoma 2026:13 12

Gao et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(25)01042-6
https://doi.org/10.1111/liv.12818
https://doi.org/10.1016/j.jhep.2025.10.020
https://doi.org/10.1097/MD.0000000000023191
https://doi.org/10.1097/HC9.0000000000000252
https://doi.org/10.1007/s10620-023-08010-3
https://doi.org/10.1177/17588359251316663
https://doi.org/10.1177/17588359251316663
https://doi.org/10.3748/WJG.V26.I30.4442
https://doi.org/10.1186/s12876-025-04169-3
https://doi.org/10.1186/s12876-025-04169-3
https://doi.org/10.2147/JPR.S246197
https://doi.org/10.2214/AJR.10.4379
https://doi.org/10.3350/cmh.2023.0202
https://doi.org/10.1159/000546574
https://doi.org/10.1016/j.jhep.2024.08.028
https://doi.org/10.1007/s00270-011-0287-7
https://doi.org/10.2147/JHC.S331779
https://doi.org/10.2147/JHC.S331779
https://doi.org/10.1002/hep.28453
https://doi.org/10.1038/bjc.2014.199
https://doi.org/10.1007/s00280-012-1993-9
https://doi.org/10.1007/s00280-012-1993-9
https://doi.org/10.1111/liv.12445
https://doi.org/10.1111/liv.12637


23. Méndez Romero A, van der Holt B, Willemssen FEJA, et al. Transarterial chemoembolization with drug-eluting beads versus stereotactic body 
radiation therapy for hepatocellular carcinoma: outcomes from a multicenter, randomized, phase 2 Trial (the TRENDY Trial). Int J Radiation Oncol 
Biol Phys. 2023;117(1):45–52. doi:10.1016/j.ijrobp.2023.03.064

24. Bessar AA, Farag A, Abdel Monem SM, et al. Transarterial chemoembolisation in patients with hepatocellular carcinoma: low-dose doxorubicin 
reduces post-embolisation syndrome without affecting survival—prospective interventional study. Eur Radiol Exp. 2021;5(1):10. doi:10.1186/ 
s41747-021-00204-6

25. Zhang L, Sun JH, Ji JS, et al. Imaging changes and clinical complications after drug-eluting bead versus conventional transarterial chemoemboliza
tion for unresectable hepatocellular carcinoma: multicenter study. Article. Am J Roentgenol. 2021;217(4):933–944. doi:10.2214/AJR.20.24708

26. Du QQ, Liang M, Jiang B, et al. Incidence and predictors of abdominal pain after transarterial chemoembolization of hepatocellular carcinoma: a 
single-center retrospective study. Article in Press. Eur J Oncol Nurs. 2023;66:102355. doi:10.1016/j.ejon.2023.102355

27. Malagari K, Pomoni M, Spyridopoulos TN, et al. Safety profile of sequential transcatheter chemoembolization with DC Bead™: results of 237 
Hepatocellular Carcinoma (HCC) patients. CardioVascular and Interventional Radiology. 2011;34(4):774–785. doi:10.1007/s00270-010-0044-3

28. Tian JM, Zhang J, Liu H, et al. Nomogram for predicting severe abdominal pain during percutaneous radiofrequency ablation for hepatocellular 
carcinoma: a retrospective study. J Pain Res. 2025;18:837–847. doi:10.2147/jpr.S506099

29. Lu H, Zheng C, Liang B, Xiong B. Efficacy and safety analysis of dexamethasone-lipiodol emulsion in prevention of post-embolization syndrome 
after TACE: a retrospective analysis. BMC Gastroenterol. 2021;21(1):256. doi:10.1186/s12876-021-01839-w

30. Zhang WZ, Chin KY, Zakaria R, Hassan NH. Strategies for pain management in hepatocellular carcinoma patients undergoing transarterial 
chemoembolisation: a scoping review of current evidence. Healthcare. 2025;13(9):994. doi:10.3390/healthcare13090994

31. Yao Y, Huang X, Zhao C, Wang X, Mi G, Liu J. Summary of the evidence of best practices for the prevention and treatment of embolism syndrome 
after TACE in primary liver cancer. Systematic Review. Frontiers in Oncology. 2024;13. doi:10.3389/fonc.2023.1274235

32. Ikeda M, Arai Y, Inaba Y, et al. Conventional or drug-eluting beads? Randomized controlled study of chemoembolization for hepatocellular 
carcinoma: JIVROSG-1302. Liver Cancer. 2022;11(5):440–450. doi:10.1159/000525500

Journal of Hepatocellular Carcinoma                                                                                          

Publish your work in this journal 
The Journal of Hepatocellular Carcinoma is an international, peer-reviewed, open access journal that offers a platform for the dissemination and 
study of clinical, translational and basic research findings in this rapidly developing field. Development in areas including, but not limited to, 
epidemiology, vaccination, hepatitis therapy, pathology and molecular tumor classification and prognostication are all considered for publication. 
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-hepatocellular-carcinoma-journal

Journal of Hepatocellular Carcinoma 2026:13                                                                                          13

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.ijrobp.2023.03.064
https://doi.org/10.1186/s41747-021-00204-6
https://doi.org/10.1186/s41747-021-00204-6
https://doi.org/10.2214/AJR.20.24708
https://doi.org/10.1016/j.ejon.2023.102355
https://doi.org/10.1007/s00270-010-0044-3
https://doi.org/10.2147/jpr.S506099
https://doi.org/10.1186/s12876-021-01839-w
https://doi.org/10.3390/healthcare13090994
https://doi.org/10.3389/fonc.2023.1274235
https://doi.org/10.1159/000525500
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Design and Population
	DEB-TACE Procedure
	Dilution Protocol and Group Definition
	Data Collection
	Outcomes
	Statistical Analysis

	Results
	Baseline and Procedural Characteristics
	Clinical Efficacy
	Associations Between Dilution Level and Pain Severity
	Laboratory Safety Outcomes
	Univariable and Multivariable Analyses for Severe Pain
	Subgroup Analyses

	Discussion
	Abbreviations
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

