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Purpose: Pterygium surgery is a common ophthalmological procedure, where effective management of postoperative pain is essential
for ensuring patient satisfaction. This study aimed to investigate the risk factors for postoperative pain among Chinese patients
undergoing pterygium excision surgery.

Patients and Methods: A total of 145 pterygium patients who underwent surgery from June 2020 to March 2021 at Shenzhen Eye
Hospital were included. Anxiety levels were assessed using the Self-Rating Anxiety Scale before surgery, and pain levels were
evaluated using the Numeric Rating Scale at various postoperative time points. Generalized linear model analysis was conducted with
postoperative time-weighted average pain scores as the dependent variable and various potential risk factors as independent variables.
These included traditional factors such as smoking history, alcohol history, ocular surgery history, and anxiety score as well as novel
parameters like pterygium neck width, single- or double-headed pterygium, surgical corneal wound area, pterygium onset or
recurrence, operating surgeon, congestion, pterygium invasion into the cornea, duration, graft conjunctival area, and preoperative
pain score. We introduced the Shapley Additive exPlanations method to elucidate the contribution of these variables to time-weighted
average pain scores.

Results: Among the 145 patients, 96 reported postoperative pain. No statistically significant differences were observed in baseline
characteristics—such as age, sex, history of systemic diseases, smoking, alcohol use, and prior eye surgeries—between patients who
experienced postoperative pain and those who did not. Anxiety scores, surgeon, pterygium neck widths, and preoperative pain scores
were found to be significant risk factors for pain scores (p < 0.05).

Conclusion: Preoperative anxiety scores were positively correlated with pain scores. Significant differences in postoperative pain
scores were observed among patients who underwent operations by different surgeons. Patients with wider pterygium neck widths
experienced more severe postoperative pain. Higher preoperative pain scores were associated with more severe postoperative pain.

Keywords: pain management, preoperative anxiety, preoperative pain score

Introduction

Pterygium is a common ocular condition characterized by the growth of fibrovascular tissue originating from the
conjunctiva on the cornea. Pterygium not only affects aesthetics but also leads to changes in corneal curvature and
visual impairment.' Severe cases of bilateral pterygium can result in blindness or loss of work capacity.” The prevalence
rate of pterygium ranges from 1.2% to 40% across different regions.’ The exact etiology of pterygium remains unclear,
but factors such as ultraviolet radiation, tear film alterations, imbalances in cytokines and growth factors, immunological
disorders, genetic mutations, and viral infections have been implicated.” Risk factors for pterygium include old age, male
sex, outdoor occupation, and rural living.” Pterygium excision surgery is the primary treatment method for restoring
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visual acuity. Different surgical techniques are employed, including simple pterygium excision, pterygium excision with
conjunctival grafting, pterygium excision with amniotic membrane transplantation, pterygium excision with the applica-
tion of mitomycin C, and pterygium excision with limbal stem cell transplantation.® Pterygium excision combined with
conjunctival grafting significantly reduces the recurrence rate.'” In our study, we adopted pterygium excision combined
with conjunctival transplantation to reduce the risk of postoperative pterygium recurrence. Corneal and conjunctival
tissues are densely innervated with branches of the trigeminal nerve, making them highly sensitive.® During surgery,
local damage to the conjunctiva and cornea can result in varying degrees of postoperative pain, affecting patients’ quality
of life and recovery. Pain is an unpleasant subjective sensation and emotional experience associated with actual or
potential tissue damage.’ Postoperative pain can cause patient discomfort, and effective pain management is crucial for
postoperative care. Currently, there is a lack of large-scale studies on postoperative pain assessment in patients who
undergo pterygium surgery under local anesthesia. This study aimed to assess postoperative pain and associated risk
factors in a large sample of pterygium patients receiving local anesthesia, thus providing insights for effective interven-
tions. By identifying modifiable risk factors and analyzing their relative impact, this research highlighted actionable
strategies for improving postoperative care. Furthermore, we utilized the Shapley Additive exPlanations (SHAP)
interpretation tool to offer intuitive explanations for the factors influencing patients’ postoperative pain scores, enabling
personalized pain management approaches to enhance patient outcomes and satisfaction. '

Materials and Methods

General Information

A total of 145 pterygium patients (51 males and 94 females) treated at Shenzhen Eye Hospital from June 2020 to
March 2021 were included. The inclusion criteria were as follows: 1) aged > 18 years, sex unspecified; and 2) diagnosed
with pterygium in one or both eyes and planning to undergo pterygium excision under local anesthesia. This retrospective
study adhered to the principles of the Helsinki Declaration and was approved by the Shenzhen Eye Hospital Medical
Ethics Committee (Approval number: 2022-057-01). Informed consent was obtained from all participants. No stipend
was provided.

Treatment Methods

Three days before surgery, patients started using levofloxacin eye drops (Huide Likang, Heze, Shandong, China,
specification: 5 mL: 24.4 mg per vial) four times a day in both eyes. After routine disinfection and draping, we
performed surface anesthesia using proparacaine hydrochloride eye drops (Youniter Nanjing Pharmaceutical Co., Ltd.,
Nanjing, Jiangsu, China, specification: 0.5%) in combination with subconjunctival injection of lidocaine hydrochloride
(Hubei Tiansheng Pharmaceutical Co., Ltd., Chongqing, China, specification: 5 mL:0.1 g) at a volume of 0.5 mL for
infiltration anesthesia at the pterygium neck and subconjunctival body. Depending on the degree of adhesion and
thickness of the pterygium, we adopted corresponding surgical excision methods.” We aligned the conjunctival flap
with the corneal edge on the corneal edge side and sutured the conjunctival flap to the shallow sclera. After surgery, we
applied tobramycin-dexamethasone ointment (S.A. Alcon-Couvreur n.v., Antwerp, Belgium, specification: 3.5 g, contain-
ing 10.5 mg tobramycin and 3.5 mg dexamethasone) to the operated eye and bandaged it. After surgery, patients were
treated with tobramycin-dexamethasone eye drops (S.A. Alcon-Couvreur n.v., Antwerp, Belgium, specification: 5 mL),
levofloxacin eye drops, and sodium hyaluronate eye drops (Shentian Pharmaceutical Co., Ltd., Suzhou, Jiangsu, China,
specification: 5 mL:15 mg) in the operated eye four times a day for one month.

Observational Parameters
1. Pain score: We used the Numeric Rating Scale, a scale from 0-10, where 0 represents no pain and 10 represents
the most severe pain.ll We recorded preoperative pain levels and pain levelsatOh, 1 h,2h,4 h, 6 h, 8 h, 10 h, and
24 h after surgery. A time-weighted average pain score was used to estimate a patient’s mean 24 h postoperative
pain score, taking into account the irregular time intervals of pain measurements.'
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2. Anxiety score: We evaluated patients’ preoperative anxiety using the Self-Rating Anxiety Scale (SAS)."> The
Numeric Rating Scale and Self-Rating Anxiety Scale are widely used and publicly available tools, and no special
permissions are required for their use in this study.

3. Surgical factors: Information on the operating surgeon, and pterygium type (primary or recurrent) was recorded.

4. Surgical parameters: Data on pterygium neck width, pterygium invasion into the cornea, surgical corneal wound
area, graft conjunctival area, and whether the pterygium was single- or double-headed were collected.

5. General Information: Patient age, sex, medical history, smoking history, alcohol history, and ocular surgery history
were recorded.

Statistical Analysis

We used SPSS 26.0 or python 3.10.13 to conduct statistical analyses. A Mann—Whitney U-test or a chi-squared test was
used to compare categorical data. We conducted a generalized linear model analysis with time-weighted average pain
scores as the dependent variable and various independent variables as mentioned above. Python (SHAP) was utilized to
generate SHAP plots illustrating the contribution of variables to the model. The model outcomes were interpreted by
assessing the impact of different influential factors on the predicted results.'* A P value < 0.05 was considered to indicate
statistical significance.

Results

Baseline Characteristics

A total of 145 patients participated in the study, 96 of whom reported postoperative pain. There were no statistically significant
differences in baseline characteristics between patients who experienced postoperative pain and those who did not. The baseline
data, including age, sex, history of systemic diseases, smoking, alcohol use, and prior eye surgeries, are shown in Table 1.

Generalized Linear Model Analysis

A generalized linear model was constructed with the following independent variables: congestion, anxiety score, operating
surgeon, pterygium onset or recurrence, single- or double-headed pterygium, pterygium neck width, pterygium invasion into
the cornea, surgical corneal wound area, graft conjunctival area, duration, smoking history, alcohol history, ocular surgery
history, and preoperative pain score. The model revealed that the factors affecting the pain scores were the anxiety score (P =
0.004), the operating surgeon (P = 0.001), the pterygium neck width (P = 0.046), and the preoperative pain score (P <0.001).
As illustrated in Table 2 and Table 3, preoperative anxiety scores were positively correlated with time-weighted average pain
scores. The higher the preoperative anxiety score was, the more severe the postoperative pain. There were significant
differences in time-weighted average pain scores among patients who underwent surgery performed by different surgeons.
Patients with wider pterygium neck widths experienced more severe postoperative pain. As the preoperative pain score
increased, the time-weighted average pain score became more pronounced, indicating a positive correlation between
preoperative pain and postoperative pain. The ocular surgery history exhibited a near-significant impact (P = 0.053) on the
postoperative pain score, implying a potential influence on postoperative pain levels (Table 2).

Table | Descriptive Analysis of the Baseline Characteristics of 145 Patients with Pterygium

No Postsurgical Pain | Postsurgical Pain | P value
Age (years) 61 (53-67) 60 (51-66) 0.351
Female sex, no. (%) 29 (59.2) 65 (67.7) 0.359
Systemic diseases history (yes), no. (%) 23 (46.9) 50 (52.1) 0.601
Smoking history (yes), no. (%) 3 (6.1) 8(8.3) 0.75
Alcohol use history (yes), no. (%) 8 (16.3) 7(7.3) 0.147
History of eye surgeries (yes), no. (%) 16 (32.7) 26 (27.1) 0.562

Notes: The comparisons were conducted employing either a Mann-Whitney U-test or a chi-squared test. No
statistically significant differences in baseline characteristics were found between patients who experienced postopera-
tive pain and those who did not. A P value < 0.05 was considered to indicate statistical significance.

Journal of Pain Research 2025:18 hetps: 1609



Yang et al

Table 2 Generalized Linear Model Analysis

Wald | P value

Smoking history 1.250 | 0.264
Alcohol history 0.513 0.474
Ocular surgery history 3.729 0.053
Operating surgeon 60.695 | 0.001
Onset or recurrence 0617 0.432
Congestion 1.213 0.271
Single- or double-headed pterygium 0.051 0.822
Pterygium invasion into the cornea (mm) | 0.364 0.546
Pterygium neck width (mm) 3.983 0.046
Duration (minutes) 1.036 0.309
Surgical corneal wound area (mmz) 2.041 0.153
Graft conjunctival area (mm?) 0.327 0.567
Anxiety score 8.098 0.004
Preoperative pain score 12.557 | 0.000

Notes: The generalized linear model was constructed using the following
independent variables: smoking history, alcohol history, ocular surgery his-
tory, operating surgeon, pterygium onset or recurrence, congestion, single-
or double-headed pterygium, pterygium invasion into the cornea (mm),
pterygium neck width (mm), duration (minutes), surgical corneal wound
area (mmz), graft conjunctival area (mmz), anxiety score, preoperative pain
score. The model revealed that the factors affecting the pain score were the
anxiety score (P = 0.004), the operating surgeon (P = 0.001), the pterygium
neck width (mm) (P = 0.046), and the preoperative pain score (P < 0.001).
A P value < 0.05 was considered to indicate statistical significance.

Table 3 Generalized Linear Model Analysis of Influencing Factors of Postoperative Pain in 145 Patients with

Pterygium
B SE 95% ClI
Upper limit | Lower limit | Wald | P value
Smoking history —0.428 | 0.3829 | —1.179 0.322 1.250 | 0.264
Alcohol history —0.251 | 0.3502 | —0.937 0.436 0.513 0.474
Ocular surgery history —0.435 | 0.2251 | —0.876 0.007 3.729 | 0.053
Recurrence —0.393 | 0.5009 | —1.375 0.588 0.617 | 0.432
Congestion 0.284 0.2584 | —0.222 0.791 1.213 0.271
Double-headed pterygium 0.144 0.6373 | —1.105 1.393 0.051 0.822
Pterygium invasion into the cornea (mm) | 0.078 0.1287 | —0.175 0.330 0.364 0.546
Pterygium neck width (mm) 0.297 0.1490 | 0.005 0.589 3.983 0.046
Duration (minutes) —0.010 | 0.0093 | —0.028 0.009 1.036 | 0.309
Surgical corneal wound area (mmz) —0.040 | 0.0282 | —0.096 0.015 2.041 0.153
Graft conjunctival area (mmz) —0.006 | 0.0103 | —0.026 0014 0.327 0.567
Anxiety score 0.067 0.0237 | 0.021 0.114 8.098 | 0.004
Preoperative pain score 0.426 0.1204 | 0.191 0.662 12.557 | 0.000

Notes: Patients with wider pterygium neck widths experienced more severe postoperative pain. Significant differences in pain scores
were observed among patients who underwent operations by different surgeons. Higher preoperative pain scores were associated with
more severe postoperative pain. Preoperative anxiety scores were positively correlated with pain scores. A P value < 0.05 was considered
to indicate statistical significance.

Abbreviations: B, Coefficient; SE, Standard Error; 95% Cl, 95% Confidence Interval.
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Figure | SHAP Interpreted the Model. (A) Feature importance ranking as indicated by SHAP: presented as a bar chart, this section showcased the significance of each
feature in influencing the final predictions. (B) Features’ attributes in SHAP: represented by a beeswarm plot, features were plotted against SHAP values on the abscissa.
Higher SHAP values were denoted by red dots, while lower SHAP values were indicated by blue dots.

Abbreviation: SHAP, Shapley Additive exPlanations.

Model Interpretability

To visually elucidate the aforementioned variables, we utilized SHAP to illustrate their impact on the time-weighted
average pain score. Given the multitude of surgeons performing pterygium surgeries, the SHAP chart encompassed 13
variables in addition to the surgeons to prevent overshadowing other pertinent factors. Notably, Figure 1A presented the
ranking of these 13 variables based on their average absolute SHAP values, with the X-axis illustrating the SHAP values
for predicting the model’s importance. In Figure 1B, each variable was depicted by a significant line, showcasing its
effect on postoperative pain through differently colored dots—red denoting high-risk values and blue representing low-
risk values. This visualization not only highlighted the direction of each variable’s impact but also conveyed the
magnitude of influence, offering a clear explanation of how specific factors contribute to postoperative pain. Notably,
Figure 1B highlighted that a higher preoperative pain score, elevated anxiety score, and wider neck width of pterygium

contributed to an increased postoperative pain score.

Discussion

Pterygium surgery is a routine ophthalmological procedure, where effective management of postoperative pain is crucial
for ensuring patient comfort and satisfaction. In our study, we aimed to identify factors influencing postoperative pain in
pterygium surgery patients under local anesthesia, with the goal of offering insights into effective pain management
strategies. Surgeon-related factors significantly influenced postoperative pain scores, likely due to differences in surgical
techniques and perioperative management. Precise surgical maneuvers that minimize tissue trauma and individualized
pain management strategies may reduce postoperative pain. This highlights the need for standardizing surgical protocols
and promoting best practices to ensure consistent and optimal patient outcomes.

Interestingly, a wider pterygium neck width was associated with more severe postoperative pain. However, pterygium
invasion into the cornea and surgical corneal wound area had no effect on postoperative pain. Loss of limbal stem cells
occurred in the neck area of the pterygium.'> A pterygium with a wider neck may result in the loss of limbal stem cells, thereby
affecting the speed and quality of eye tissue healing, and consequently influencing the perception of postoperative pain.
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We observed that higher preoperative pain scores were linked to more severe postoperative pain. Studies have found
that preoperative pain is a risk factor for postoperative pain.'® Patients with chronic pain have increased sensitivity to
peripheral pain receptors due to increased release of inflammatory mediators such as prostaglandins and growth factors.'”

We discovered that preoperative anxiety scores were positively correlated with postoperative pain scores. Anxiety is
one of the most prevalent psychological reactions among patients before surgery. Higher levels of preoperative anxiety
can result in adverse psychological and physiological effects, influencing anesthesia, postoperative care, and the
therapeutic recovery process.'® Psychological factors such as depression and anxiety can increase the risk of high
postoperative pain levels, prolonged opioid use, and chronic postoperative pain.'® Patients with severe preoperative
anxiety can benefit from psychological counseling, or short-term use of anxiolytic medications to alleviate their anxiety.
Preoperative anxiety in patients can be alleviated through cognitive therapy, music therapy, and relaxation techniques,
which may, in turn, reduce postoperative pain.?*2!

Interestingly, the ocular surgery history exhibited a near-significant impact on the postoperative pain scores. Patients
with prior surgical experience may exhibit lower postoperative pain scores attributed to decreased anxiety and stress
levels, resulting from their increased familiarity with the surgical process. Another plausible explanation was that
individuals with prior eye surgeries may have developed a heightened tolerance for ocular discomfort, thereby perceiving
the pain as less severe. However, further research is warranted to fully elucidate its effects.

We applied the SHAP method to the regression model to elucidate significant variables associated with postoperative
pain. Overall, our study offers valuable insights into the factors influencing postoperative pain in pterygium surgery
patients and underscores the significance of addressing preoperative anxiety. Tailoring pain management strategies based
on individual patient profiles and ensuring consistent surgical techniques among different surgeons can significantly
enhance postoperative comfort and satisfaction.

This study has several limitations. First, this was a single-center study, which may restrict the generalizability of the
findings. Second, postoperative pain is subjective, and individual pain thresholds and perceptions can vary widely.
Although we utilized standardized pain assessment tools, the subjective nature of pain reporting may introduce some
bias. Third, while we identified factors associated with postoperative pain, preoperative pain was reported by 24.2% of
participants. Additionally, we did not assess the long-term outcomes of pterygium surgery, such as recurrence rates,
which could also influence patients’ postoperative experiences.

Conclusion

This study identified several key risk factors influencing postoperative pain in Chinese patients undergoing pterygium
surgery. Preoperative anxiety levels were positively correlated with postoperative pain severity, highlighting the potential
benefits of psychological interventions to alleviate anxiety and subsequently reduce postoperative pain. Practical
strategies such as preoperative counseling, mindfulness training, or short-term use of anxiolytic medications could be
considered to address anxiety effectively.

Surgeon-related factors significantly impacted postoperative pain scores, emphasizing the importance of standardizing
and optimizing surgical techniques to minimize ocular tissue trauma. Training programs focusing on microsurgical skills
and uniform surgical protocols may help reduce variability in outcomes among surgeons.

Additionally, patients with wider pterygium neck widths experienced more severe postoperative pain, possibly due to
the loss of limbal stem cells in the neck area, which affects the speed and quality of tissue healing. For these patients,
a more cautious surgical approach or enhanced postoperative care, such as the use of tissue-protective agents and closer
follow-up, may help alleviate pain and promote recovery.

Furthermore, higher preoperative pain scores were associated with increased postoperative pain, likely due to
heightened sensitivity to pain caused by chronic pain conditions. For such patients, preoperative identification and
tailored pain management plans, including multimodal analgesia, could be beneficial.

Although our study offers valuable insights, it is limited by its single-center design, which may restrict the general-
izability of the findings. The subjective nature of pain and individual variability in pain perception could introduce bias,
despite the use of standardized pain assessment tools. Additionally, the study did not assess long-term outcomes, such as
recurrence rates, which could also influence postoperative experiences.
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This study underscores the importance of integrating psychological assessment into preoperative evaluations, adopt-
ing standardized surgical techniques, and tailoring pain management strategies to individual patient profiles.
Implementing these measures could significantly enhance postoperative comfort and satisfaction. Future research should
include multicenter studies to improve the generalizability of the findings and explore the impact of long-term outcomes
on postoperative pain experiences.

Abbreviations
SHAP, Shapley Additive exPlanations; SAS, Self-Rating Anxiety Scale.
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