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Background: Previous studies have indicated that obesity can lead to an increased pain sensitivity. However, the risk of acute pain in 
obese patients undergoing atrial fibrillation (AF) ablation remains unclear.
Methods: This was a case-control study. Clinical data of patients with AF who underwent percutaneous ablation at Fuwai Hospital 
between January and May 2019 were retrospectively collected. Numeric pain rating scale (NPRS) and Body mass index (BMI) were 
used to assess severity of intra-procedural pain and pre-procedural obesity, respectively. An intra-procedural NPRS score of 4 or higher 
indicated the presence of acute pain, and a pre-procedural BMI of 28 or greater was considered indicative of obesity. Multivariable 
logistic regression analysis was performed to explore the risk of intra-procedural acute pain in obese patients.
Results: A total of 333 eligible patients were divided into two groups based on presence of intra-procedural acute pain (case group: 
n=102 [30.6%] and control group: n=231 [69.4%]). Compared with control group, patients with intra-procedural acute pain showed 
higher percentage of obesity (40 [17.4%] vs 28 [27.5%]) and conscious sedation (96 [41.6%] vs 89 [87.3%]), lower percentage of 
diabetes history (38 [16.5%] vs 10 [9.8%]), and longer duration of procedure (median, 90 vs 110 min). The occurrence rates of acute 
pain during AF ablation were 41.2% for obese patients and 27.9% for non-obese patients. Obesity was independently associated with 
an increased risk of intra-procedural acute pain (adjusted odds ratio [OR], 2.29; 95% CI, 1.18–4.43, P = 0.014). Sub-group analysis 
indicated a stronger risk of intra-procedural acute pain in obese patients under conscious sedation (adjusted OR, 2.48; 95% CI, 
1.13–5.42, P = 0.023).
Conclusion: Under conscious sedation, obesity is an independent risk factor for intra-procedural acute pain in adult patients 
undergoing AF ablation.
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Introduction
With the increase in global life expectancy, the prevalence of atrial fibrillation (AF) has tripled over the past 50 years.1 

Currently, there are approximately 60 million cases of AF worldwide.2 The ablation therapy for AF has shown 
advantages over pharmacological treatments in psychological symptoms, quality of life, and cardiovascular 
morbidity.3–5 Therefore, the AF patients undergoing percutaneous interventional ablation therapy has increased 
annually.6,7 During AF ablation, a combination of local anesthesia and sedation is commonly used to alleviate intra- 
procedural pain. However, we have found that there are cases of inadequate pain control during the procedure in our 
hospital. If body movements occur due to acute pain during the procedure, it may adversely affect the ablation process 
and outcomes.8–10 Moreover, the experience of acute pain may have long-term negative effects on the patient’s mental 
and psychological condition.11–13

It is essential to explore and identify potential risk factors for acute pain during AF ablation. The occurrence of acute 
pain during the procedure could be minimized in the future by addressing risk factors or optimizing anesthesia 
techniques. In the clinical anesthesia practice of AF ablation, we have observed that obese patients appear to be more 
prone to experiencing acute pain in our hospital. However, through literature review, we found that clinical studies on 
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acute pain during AF ablation in obese patients are lacking. Although some studies have found that obese individuals 
exhibit increased sensitivity to pain,14,15 there is still controversy among different studies regarding whether obesity 
actually leads to a lower pain threshold.16–18 Therefore, this study aims to explore the risk of acute pain in obese patients 
undergoing AF ablation.

Methods
Patient Screening
This study included adult patients who were hospitalized in arrhythmia center of Fuwai Hospital between January and 
May in 2019. The inclusion criteria were as follows: (1) primary diagnosis of AF, (2) underwent elective percutaneous 
interventional ablation for AF, and (3) intra-procedure pain assessment conducted by the anesthesia team. The exclusion 
criteria were as follows: (1) age < 18 years, (2) history of chronic pain treatment or currently medications for pain 
management, (3) cardiac electrophysiologists administered sedation independently, (4) concurrent treatments outside of 
AF ablation, (5) peri-procedure coma or cognitive dysfunction (e.g., delirium), and (6) incomplete data affecting 
statistical analysis.

Anesthesia Procedure
Cardiac electrophysiologists used lidocaine to perform local anesthesia at the puncture site, while the anesthesiologists 
performed sedation. The anesthesiologists selected either conscious sedation or deep sedation according to the requests of 
the electrophysiologists. Under conscious sedation, the patients did not require intervention to maintain airway patency 
and were able to purposefully respond to verbal commands, whether used alone or accompanied by light tactile 
stimulation. Under deep sedation, the patients’ spontaneous ventilation was possibly impaired, and they were aroused 
only by relatively strong painful stimulation. Conscious sedation primarily involved the use of midazolam (20μg/kg) and 
sufentanil (0.05μg/kg), whereas deep sedation involved the use of propofol (50μg/kg/min), dexmedetomidine (0.5μg/kg/ 
h) and sufentanil (0.05μg/kg). Oxygen was administered via a mask or nasal cannula, and all patients received monitoring 
of pulse oxygen saturation, blood pressure, and electrocardiogram. Bispectral index (BIS) was monitored for patients 
under deep sedation.

Assessment of Obesity and Acute Pain
Pre-procedural obesity was assessed using body mass index (BMI), which was calculated as weight (kg) divided by 
height (m) squared. A BMI ≥ 28 on the day of procedure indicated obesity.19

After the patient was fully awake, intra-procedural pain severity was assessed using the numeric pain rating scale 
(NPRS), which ranged from 0 (no pain) to 10 (worst pain). An acute pain is identified if the highest intra-procedural 
NPRS score is ≥ 4.20 The main areas of acute pain were the chest and the puncture site.

Grouping and Sample Size Calculation
This was an unmatched case-control study. The eligible patients were divided into two groups based on whether intra- 
procedural acute pain occurred: cases were patients with acute pain, controls were patients without acute pain.

Based on a preliminary retrospective study that included data of patients who underwent AF ablation at Fuwai 
Hospital in May 2019, sample size calculation was performed using the PASS 15.0 software (NCSS Corp., Kaysville, 
UT, USA). The proportion of patients with obesity in the patients without acute pain was 15.0%; moreover, the expected 
Odds Ratio (OR) for the risk of acute pain in patients with obesity was 2.667. The minimum sample size in the case and 
control group were 67 and 214, respectively, with a power of 80% and a two-sided α of 0.05, calculated by PASS.

Statistical Analysis
Data were analyzed using the IBM SPSS 26 software (IBM Corp., Armonk, NY, USA). Continuous data were expressed 
as median (lower quartile - upper quartile) [M(QL-QU)], with group comparisons conducted using the Mann–Whitney 
U-test. Categorical data are expressed as counts (percentage) [n (%)], with group comparisons using Pearson’s chi-square 
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test. Multivariable logistic regression analysis was used to explore the risk of acute pain in patients with obesity. In 
multivariable regression model, pre-procedural obesity was defined as an independent variable, while intra-procedural 
acute pain was defined as the dependent variable. The model was adjusted with the following variables: sex, age (as 
a continuous variable), history of diabetes, depth of sedation, and duration of procedure (as a continuous variable). 
Patients without obesity were the reference category in the model. An area under curve (AUC) was generated from the 
receiver operating characteristic (ROC) curve to indicate the discrimination of the multivariable regression model. 
Hosmer-Lemeshow goodness of fit test was used to evaluate the calibration of the model. Statistical significance was 
set at P < 0.05.

Results
Patient Inclusion and Grouping
A total of 336 patients with AF hospitalized between January and May, 2019, were screened, and 3 were excluded based 
on the criteria. The remaining 333 eligible patients were included, of whom 68 (20.4%) had pre-procedural obesity and 
265 (79.6%) did not. According to presence of intra-procedural acute pain, 102 patients (30.6%) were divided into case 
group, whereas 231 patients (69.4%) without acute pain were divided into control group (Figure 1).

Clinical Characteristics
Table 1 presents the univariate analyses of the baseline characteristics and peri-procedural clinical data of the eligible 
patients. Compared with patients in control group, patients in case group showed higher percentage of obesity (40 
[17.4%] vs 28 [27.5%]) and conscious sedation (96 [41.6%] vs 89 [87.3%]), lower percentage of diabetes (38 [16.5%] vs 

Figure 1 Flow chart of patients screening and grouping. 
Abbreviation: AF, atrial fibrillation.
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10 [9.8%]), and longer duration of procedural (median, 90 vs 110 min). Univariate analysis indicated a statistically 
significant difference in the proportion of pre-procedural obesity between the two groups (χ² = 4.472, P = 0.034). The 
occurrence rates of acute pain during AF ablation were 41.2% for obese patients and 27.9% for non-obese patients.

Multivariable Logistic Regression Analysis
After adjusting for age, sex, diabetes history, depth of sedation, and duration of procedure, obesity was independently 
associated with an increased risk of intra-procedural acute pain (adjusted odds ratio [OR], 2.29; 95% CI, 1.18–4.43, P = 
0.014) (Table 2).

ROC curve analysis showed that the multivariable logistic regression model had a reasonable predictive ability for 
intra-procedural acute pain in AF patients who underwent percutaneous ablation (AUC: 0.796; 95% CI: 0.747 to 0.845; 
P < 0.001) (Figure 2). The accuracy of the estimated probabilities in the patients was ensured by the Hosmer-Lemeshow 
goodness of fit test of the multivariable logistic regression model (χ2: 7.035; P = 0.533).

Sub-Group Analysis
A total of 333 eligible patients were divided into two sub-groups according to different depth of sedation (conscious 
sedation or deep sedation). Univariate analysis showed that for the sub-group of conscious sedation, there was 

Table 1 Comparisons Between Patients with and Without Acute Pain

Acute Pain (n = 102) Without Acute Pain (n = 231) P

Baseline characteristics
Age [median (QL-QU), year] 59 (54–66) 61 (54–67) 0.503

Male (n, %) 73 (71.6) 159 (68.8) 0.616

Countryside living (n, %) 16 (15.7) 32 (13.9) 0.661
BMI (median (QL;QU), kg/m2) 25.9 (23.6–28.1) 25.5 (23.7–27.5) 0.307

Smoking (n, %) 20 (19.6) 43 (18.6) 0.831

Alcohol abuse (n, %) 22 (21.6) 48 (20.8) 0.871
Diabetes (n, %) 10 (9.8) 38 (16.5) 0.111

Hypertension (n, %) 53 (52.0) 120 (51.9) 0.998
Coronary heart disease (n, %) 23 (22.5) 51 (22.1) 0.924

Cerebrovascular disease (n, %) 9 (8.8) 23 (10.0) 0.746

Previous cardiovascular intervention (n, %) 29 (28.4) 74 (32.0) 0.512
Peri-procedural clinical data

Pre-procedural LVEF [median (QL-QU), %] 62 (60–65) 62 (60–65) 0.823

Pre-procedural SBP [median (QL-QU), mmHg] 133 (127–140) 130 (130–140) 0.833
Obesity (n, %) 28 (27.5) 40 (17.3) 0.034

Conscious sedation (n, %) 89 (87.3) 96 (41.6) <0.001

Duration of procedure [median (QL-QU), min] 110 (90–120) 90 (65–105) <0.001
Intra-procedural electrical cardioversion (n, %) 20 (19.6) 49 (21.2) 0.739

Post-procedural SBP [median (QL-QU), mmHg] 130 (123–140) 130 (122–140) 0.795

Post-procedural length of stay [median (QL-QU), day] 1 (1–2) 1 (1–3) 0.262

Abbreviations: QL-QU, lower quartile - upper quartile; BMI, body mass index; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.

Table 2 Risk of Intra-Procedural Acute Pain in Obese Patients

BMI a No. (%) of Patients OR (95% CI)

Acute Pain (n = 102) Without Acute Pain (n = 231) Unadjusted Adjusted b

< 28 74 (72.5) 191 (82.7) 1 [Reference] c 1 [Reference] c

≥ 28 28 (27.5) 40 (17.3) 1.81 (1.04–3.14) 2.29 (1.18–4.43)

Notes: aBMI ≥28 indicated obesity. bThe multivariable model is adjusted for age, sex, diabetes history, depth of sedation, and duration 
of procedure. cPatients with a BMI less than 28 were the reference category. 
Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval.
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a statistical difference in the percentage of pre-procedural obesity between the case and the control group (χ² = 6.167, P = 
0.013). After adjusting for age, sex, diabetes history, and duration of procedure, multivariable logistic regression analysis 
indicated that the risk of intra-procedural acute pain was further increased in patients with obesity (adjusted OR, 2.48; 
95% CI, 1.13–5.42; P = 0.023) (Table 3). No statistical difference was observed in the sub-group of deep sedation 
(adjusted OR, 1.99; 95% CI, 0.50–7.84; P = 0.327).

Discussion
Our study indicates that obesity is associated with an increased risk of intra-procedural acute pain in patients undergoing 
percutaneous AF ablation, which is consistent with previous studies of non-cardiac populations.14,21–25 This association 
appears to be mainly attributable to a stronger increased risk of intra-procedural acute pain in obese patients under 
conscious sedation. Among these patients, obesity was associated with a 2.5-fold increased risk of intra-procedural acute 
pain compared with patients of normal BMI. In addition, the occurrence rate of intra-procedural acute pain of obese 
patients during AF ablation in our study was as high as 41.2%.

Figure 2 ROC analysis predicting intra-procedural acute pain in AF patients who underwent percutaneous ablation. The blue line indicates AUC of the predictive model; the 
red line indicates AUC where the model would have no predictive value. 
Abbreviations: ROC, receiver operating characteristic; AF, atrial fibrillation; AUC, area under curve.

Table 3 Risk of Intra-Procedural Acute Pain Sub-Grouped by Depth of Sedation a

BMI b No. (%) of Patients OR (95% CI)

Acute Pain (n = 102) Without Acute Pain (n = 231) Unadjusted Adjusted c

Conscious sedation
< 28 65 (73.0) 84 (87.5) 1 [Reference] d 1 [Reference] d

≥ 28 24 (27.0) 12 (12.5) 2.59 (1.20–5.55) 2.48 (1.13–5.42)

Deep sedation
< 28 9 (69.2) 107 (79.3) 1 [Reference] d 1 [Reference] d

≥ 28 4 (30.8) 28 (20.7) 1.70 (0.49–5.92) 1.99 (0.50–7.84)

Notes: aAccording to different depth of sedation, the patients were divided into two sub-groups: conscious sedation and deep sedation. bBMI ≥28 
indicated obesity. cThe multivariable model is adjusted for age, sex, diabetes history, and duration of procedure. dPatients with a BMI less than 28 were 
the reference category. 
Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval.
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The possible mechanisms for increased pain sensitivity in populations with obesity include and inflammatory 
responses and poor sleep quality. Inflammation is one of the most common physiological mechanisms associated with 
obesity-related pain, and obesity is considered a state of chronic low-grade inflammation.26 Adipose tissue has endocrine 
functions and secretes anti-inflammatory cytokines under normal metabolic conditions.27 However, when excess fat is 
present, pro-inflammatory immune cells infiltrate adipose tissue, leading to the secretion of pro-inflammatory cytokines, 
which can affect neuronal activity in both peripheral and central nervous systems, increasing sensitivity to mechanical or 
thermal stimuli.28,29 Animal studies have shown that sleep deprivation significantly lowers pain thresholds, with 
increased adenosine activity enhancing pain sensitivity in sleep-deprived rats.30,31 Poor sleep quality are common in 
populations with obesity,32 and a correlation was found between poor sleep quality and increased peri-operative pain 
sensitivity.33–36

Obesity has become an increasing problem worldwide during the past few decades. According to a report, the 
overweight and obesity rates among adults in China are 34.3% and 16.4%, respectively.37 In our study, the proportion of 
obese patients with AF was 20.4%. And obesity was defined as BMI ≥28, based on the physical characteristics of Asian 
populations and the guidelines in China.19 BMI is affected by a variety of cultural, social, psychological, behavioural, 
pathophysiological and environmental influences. Although a lot of studies have shown that obesity has a negative effect 
on pain-related outcomes in different populations. There is, however, insufficient clinical evidence to suggest a clear 
positive effect of weight loss on acute pain. Therefore, whether the weight loss before AF ablation could be an effective 
method for attenuating intra-procedural pain still needs further research.

Although the advancements in ablation technology, acute pain that may occur during the procedure remains an issue 
that has not been effectively addressed and has long been overlooked. If patients experience acute pain during the 
procedure, psychological issues may arise, which is a common reason why patients refuse repeat ablation when atrial 
fibrillation recurs. After determining pre-procedural obesity as an independent risk factor of intra-procedural acute pain, 
we evaluated the clinical application value of the multivariable regression model. ROC curve analysis showed that the 
AUC is close to 0.8, indicating that the model has a reasonable predictive ability for patients in prediction of intra- 
procedural acute pain.38 Thus, we recommend assessing and predicting the risk of acute pain in patients undergoing AF 
ablation, as it holds the clinical significance. Firstly, it helps clinicians optimize intra-procedural sedation or anesthesia 
strategies in advance based on the risk of acute pain, thereby reducing the incidence of acute pain during AF ablation. 
Secondly, it may decrease complications during and after the procedure caused by acute pain and potentially improve 
patient outcomes. Thirdly, predicting the risk of acute pain can provide direction for researches into the mechanisms of 
intra-procedural acute pain and the development of pain management strategies.

According to this study, deep sedation can significantly reduce the incidence of intra-procedural acute pain in patients 
undergoing AF ablation. However, for obese patients, the choice of deep sedation requires balancing the benefits and 
risks, as it is necessary to assess the anesthesia risks. Obstructive sleep apnea (OSA) is very common among obese 
patients,39–41 and many cases of OSA remain unscreened and undiagnosed before ablation.42 Thus, obese patients 
receiving deep sedation are more likely to experience unexpected acute airway obstruction. There is currently no clear 
evidence on whether obese patients undergoing AF ablation should be placed under deep or conscious sedation. 
Anesthesiologists should make decisions based on clinical skills of cardiac electrophysiologists, clinical characteristics 
and preferences of patients, and pre-anesthetic evaluations. Pre-procedural OSA screening and a contingency plan to 
manage airway obstruction are crucial for obese patients scheduled for deep sedation.43,44

This study shows a wide age range among patients undergoing AF ablation (minimum age 25 years, maximum age 81 
years), with a significant percentage of older patients (54.7%, aged 60 years and above) and a high prevalence of 
comorbidities (coronary heart disease and hypertension). For older patients, conscious sedation is recommended as the 
first choice, whereas deep sedation should be carefully controlled in terms of induction speed and drug dosage to 
minimize the risk of hypotension and delayed recovery. In the present study, the proportion of AF patients with 
hypertension was as high as 52%. For patients with moderate to severe hypertension or coronary artery disease, deep 
sedation may be preferred to prevent severe intra-procedural blood pressure fluctuations or angina triggered by acute 
pain. BIS monitoring is recommended during deep sedation to reduce the dosage of anesthetic agents and the recovery 
duration.45
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The limitations of this study mainly stem from its retrospective design, which makes it impossible to eliminate all 
potential confounding factors that may influence the results. Additionally, data on patients’ sleep quality prior to the 
procedure was not available, leaving it as a possible source of confounding. Finally, the influence of intrinsic short
comings of self-reported data on the results cannot be ruled out.

Conclusion
Our findings indicate that patients with a BMI of 28 or higher face a significantly elevated risk of acute pain under 
conscious sedation during the procedure. This heightened risk should be carefully considered when performing pre- 
anesthetic evaluations and determining the appropriate anesthesia. Further prospective studies are needed to establish 
a causal relationship between pre-procedural obesity and intra-procedural acute pain.

Abbreviation
AUC, Area under curve; AF, Atrial fibrillation; BIS, Bispectral Index; BMI, Body mass index; CI, Confidence interval; NPRS, 
Numerical pain rating scale; OSA, Obstructive sleep apnea; OR, Odds ratio; ROC, Receiver operating characteristic.
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