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Abstract
Background

Pre-operative anxiety is a prevalent concern among patients undergoing ambulatory surgery, with studies
indicating it affects up to 80% of surgical candidates. Anxiety can significantly disrupt the perioperative
experience, contributing to physiological stress, delayed recovery, and higher complication rates (Mitchell,
2010; Stamenkovic ,2018). Despite this, the mechanisms linking anxiety to recovery outcomes remain
underexplored, particularly in the context of same-day surgical procedures.

Objective

This study aims to evaluate the predictive role of pre-operative anxiety on post-operative recovery in ambulatory
surgery patients. It also investigates the effectiveness of current anxiety management strategies, addressing gaps
in existing perioperative care practices.

Methods

This multicenter observational cohort study involved 500 adult patients undergoing elective ambulatory
surgeries. Pre-operative anxiety levels were assessed using the State-Trait Anxiety Inventory (STAI)
(Spielberger ,1983). Recovery outcomes were measured using the Quality of Recovery-15 (QoR-15) score
(Chazapis ,2016), visual analog scale (VAS) for pain, and time-to-mobility indices. Statistical analyses included
regression modeling to evaluate anxiety as a predictor of recovery delays and mediation analysis to explore pain
and mobility as intermediaries.
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Results

High pre-operative anxiety levels (STAI > 40) were observed in 60% of the cohort and were significantly
associated with poorer recovery scores (mean QoR-15: 92.1 vs. 104.3, p < 0.001). Patients with high anxiety
had a 2.8-fold increased risk of delayed recovery (95% CI: 1.9-4.0). Mediation analysis revealed that pain
perception accounted for 30% of the anxiety-recovery association. Interventions such as pre-operative
counseling showed a moderate effect in reducing anxiety and improving outcomes (Johnston & Vogele, 1993).

Conclusions

Pre-operative anxiety significantly predicts delayed recovery in ambulatory surgery patients, with pain
perception serving as a key intermediary. Routine anxiety screening and targeted interventions, including pre-
operative counseling and mindfulness strategies, should be integrated into standard perioperative care to
optimize recovery outcomes. Future research should explore scalable digital tools for anxiety management and
their impact on recovery trajectories (Leung & Wormald, 2020).

Introduction
Problem Statement

Ambulatory surgeries, characterized by same-day discharge, are increasingly preferred due to their cost-
effectiveness and reduced strain on healthcare systems. However, these procedures present unique challenges
in recovery management, particularly given the limited duration of hospital stays. Among these challenges, pre-
operative anxiety has emerged as a critical factor. Research indicates that anxiety amplifies perioperative stress,
adversely affecting physiological and psychological recovery metrics, such as pain tolerance, mobility, and
overall quality of recovery (Mitchell, 2010; Stamenkovic ,2018).

Despite the recognition of anxiety's role in perioperative care, many ambulatory surgery protocols lack robust
mechanisms to mitigate this issue, potentially jeopardizing patient outcomes. The transient nature of ambulatory
care demands effective and timely identification of patients at risk of anxiety-related complications.

Knowledge Gaps

While anxiety has been shown to influence surgical outcomes, gaps remain in understanding the precise
mechanisms by which it delays recovery. For instance:

1. The extent to which anxiety impacts specific recovery parameters, such as pain management and
mobility, remains unclear.

2. Few studies have focused on interventions tailored specifically for ambulatory settings, where the need
for efficient and scalable solutions is critical.

Addressing these gaps is essential for developing evidence-based, targeted interventions that can improve
recovery trajectories in ambulatory surgery patients.
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Research Objectives
This study aims to bridge these gaps with the following objectives:

e Primary Objective: To investigate the relationship between pre-operative anxiety and post-operative
recovery outcomes, including pain, mobility, and overall recovery quality in ambulatory surgery
patients.

e Secondary Objective: To identify predictive factors for high-risk patients and evaluate the
effectiveness of current and emerging anxiety management strategies, including counseling and
mindfulness techniques.
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Figure 1: A flowchart connecting pre-operative stressors to anxiety, followed by its downstream effects
on recovery metrics such as pain perception, mobility delays, and overall recovery quality.)

Literature Review

Prevalence of Anxiety in Ambulatory Surgery

Pre-operative anxiety is widely recognized as a prevalent issue among ambulatory surgery patients. Globally,
studies report that up to 80% of patients experience varying degrees of anxiety prior to surgery (Mitchell, 2010).
This prevalence tends to be influenced by multiple demographic and clinical factors:

1. Surgical Type:

Procedures perceived as more invasive, such as orthopedic or gynecological surgeries, are associated
with higher anxiety levels compared to minimally invasive interventions (Stamenkovic ,2018).

2. Patient Demographics:
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Women generally report higher anxiety levels compared to men (Caumo ,2001), while younger patients
are more prone to anxiety than their older counterparts. Socio-economic factors also play a role, with
patients from lower-income backgrounds demonstrating heightened anxiety due to financial stress and
limited healthcare literacy (Leung & Wormald, 2020).

Impact of Anxiety on Recovery

Anxiety significantly impacts both physiological and psychological recovery following ambulatory surgery,
contributing to delayed recovery times and poorer patient-reported outcomes.

1.

Physiological Mechanisms:

Anxiety activates the hypothalamic-pituitary-adrenal (HPA) axis, leading to increased cortisol levels,
impaired immune response, and systemic inflammation (Scott ,2014). This dysregulation can
exacerbate surgical wound healing and increase susceptibility to post-operative complications.

Psychological Effects:

Heightened anxiety reduces pain tolerance, amplifies perception of discomfort, and delays post-
operative mobility (Kindler ,2000). Patients with elevated anxiety often exhibit avoidant behaviors,
such as reluctance to adhere to rehabilitation protocols, further hindering recovery (Gagliese & Katz,
2003).

Current Interventions

To mitigate pre-operative anxiety and its adverse effects, various pharmacological and non-pharmacological
strategies have been explored:

L.

Pharmacological Approaches:

Sedatives such as benzodiazepines and anxiolytics are commonly administered pre-operatively to
reduce acute anxiety (Johnston & Vogele, 1993). While effective, these interventions may have side
effects, such as sedation, which are less desirable in ambulatory settings where rapid recovery is
prioritized.

Non-Pharmacological Approaches:

o Counseling and Psychological Preparation: Pre-operative counseling has been shown to
significantly reduce anxiety, particularly when combined with patient education about the
surgical process (Lin & Wang, 2005).

o Mindfulness-Based Interventions: Techniques such as guided imagery and meditation have
demonstrated efficacy in lowering anxiety and improving recovery outcomes (Thompson &
Irwin, 2013).
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o Emerging Technologies: Virtual reality (VR) is an innovative tool gaining traction for its
ability to distract patients and reduce anxiety during pre-operative preparation (Leung &
Wormald, 2020).

Table 1: Comparative Summary of High-Quality Studies on Pre-Operative Anxiety

Study Population Intervention Key Findings
Mitchell (2010~ Ocreral surgery o celing, education  cduced anxiety;  improved
patients satisfaction

Stamenkovic Ambulatory Surgery Sedatives, mindfulness ~ Lower anxiety; faster recovery
[(2018) patients
Thompson & Irwin Dav sureery patients Mindfulness-based Significant reduction in anxiety
(2013) Y Surgety p stress reduction scores pre-op
Leung & Wormald Mixed surgical . . Improved anxiety and patient-
(2020) demographics Virtual reality reported outcomes

Methods

Study Design

This study employed a multicenter observational cohort design, involving three large ambulatory surgical
centers. Participants were followed longitudinally, with assessments conducted pre-operatively and at three time
points post-surgery: Day 1, Day 7, and Day 90. The design was chosen to capture both immediate and longer-
term recovery outcomes, providing a comprehensive understanding of the relationship between pre-operative
anxiety and post-operative recovery trajectories (Stamenkovic ,2018).

Sample and Setting

1.

Sample Size and Power Analysis:

A target sample size of 500 patients was determined through a power analysis to detect significant
relationships between anxiety and recovery outcomes with a statistical power of 0.8 and an alpha level
of 0.05 (Lin & Wang, 2005).

Inclusion Criteria:
o Adults aged 18 years or older.
o Patients scheduled for elective ambulatory surgeries, including general, orthopedic, and
gynecological procedures.
Exclusion Criteria:
o Patients with severe psychiatric comorbidities (e.g., major depressive disorder, schizophrenia).
o Emergency surgical cases or patients requiring prolonged hospital stays.
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Recruitment was conducted across diverse geographic regions to ensure a representative sample of the
ambulatory surgery population (Scott ,2014).

Data Collection

Anxiety Measurement:

Pre-operative anxiety levels were assessed using the State-Trait Anxiety Inventory (STAI), a
validated tool for measuring transient and baseline anxiety (Spielberger ,1983). Scores above 40 were
considered indicative of clinically significant anxiety.

Recovery Assessment:

o Pain Scores: Measured using the Visual Analog Scale (VAS), a reliable and sensitive tool for
quantifying pain intensity (Hawker ,2011).

o Mobility Indices: Evaluated through patient-reported time to first ambulation and physical
activity levels post-surgery.

o Complication Rates: Documented based on clinical follow-up data, including infection and
re-hospitalization rates.

o Patient-Reported Outcome Measures (PROMs): Recovery quality was assessed using the
Quality of Recovery-15 (QoR-15) questionnaire, which captures multiple dimensions of
surgical recovery (Chazapis ,2016).

3. Socio-Demographic and Clinical Variables:

Data on patient age, gender, type of surgery, and American Society of Anesthesiologists (ASA)
classification were collected to control for confounding factors (Gerbershagen ,2013).

Statistical Analysis

L.

Descriptive Statistics:

Baseline characteristics, including anxiety scores and socio-demographic variables, were summarized
using means, standard deviations, and percentages.

Correlation and Regression Analyses:

o Pearson’s correlation was employed to explore bivariate relationships between anxiety scores
and recovery metrics.

o Multivariate regression analyses were conducted to evaluate the predictive value of pre-
operative anxiety on pain, mobility, and overall recovery, controlling for potential confounders
(Kindler ,2000).

Advanced Modeling:

Mediation analyses were performed to assess the indirect effects of anxiety on recovery outcomes
through intermediate variables such as pain perception and mobility delays (Brown ,2015).
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4. Sensitivity Analyses:

Subgroup analyses were conducted to explore variations in anxiety-recovery relationships by surgical
type and patient demographics.

Supplementary Materials

A detailed description of the survey instruments (e.g., STAI and QoR-15) and data collection protocols is
provided in the supplementary file to ensure transparency and reproducibility (Roberts & Whiting, 2011).

Results
Patient Characteristics

This study included 500 participants recruited across three ambulatory surgical centers. The average age of
participants was 45.6 years (SD = 13.2), with 58% identifying as female. Baseline anxiety levels were assessed
using the State-Trait Anxiety Inventory (STAI), with 60% of participants scoring above the clinical threshold
of 40, indicating significant pre-operative anxiety (Spielberger ,1983).

e Demographic Trends:
o  Women reported higher mean anxiety scores (M =48.2, SD = 8.4) compared to men (M =42.5,
SD=9.3,p<0.0I).
o Younger patients (aged <40 years) had significantly higher anxiety scores than older patients
(aged >50 years), consistent with existing literature on age-related resilience (Caumo ,2001).
e Surgical Type:
o Anxiety levels varied by surgical procedure:
= Orthopedic surgeries showed the highest average STAI scores (M = 50.6, SD =7.9).
= General surgeries showed the lowest average STAI scores (M = 40.8, SD = 8.1, p <
0.01).

These findings indicate significant variability in pre-operative anxiety based on demographic and clinical
factors, highlighting the need for targeted interventions.

Primary Findings

1. Association Between Anxiety and Recovery Qutcomes:
o Patients with high pre-operative anxiety (STAI > 40) experienced significantly longer recovery
times compared to low-anxiety patients.
o QoR-15 Scores: High-anxiety patients had lower mean QoR-15 scores (M =92.1, SD = 10.3)
than low-anxiety patients (M = 104.3, SD = 9.5, p < 0.001), indicating poorer overall recovery
quality.
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o Pain Scores (VAS): High-anxiety patients reported higher post-operative pain scores (M = 6.2,
SD = 1.4) compared to low-anxiety patients (M =4.7, SD = 1.2, p < 0.001) (Hawker ,2011).
2. Mobility Delays:
o The average time to first ambulation was 2.3 days longer for high-anxiety patients (p < 0.01).
o Regression analysis identified anxiety as a significant predictor of delayed mobility after
controlling for age, gender, and surgical type.

Figure 2: Kaplan-Meier Survival Carves Comoaaring Recovery Time

Figure 2 illustrates the Kaplan-Meier survival curves for recovery times, showing a clear delay in recovery for
high-anxiety patients (log-rank test: p < 0.001).

Predictive Modeling

1. ROC Curve Analysis:

o The ROC analysis demonstrated that pre-operative anxiety (STAI) was a strong predictor of
delayed recovery, with an area under the curve (AUC) of 0.84 (95% CI: 0.78-0.89). This
indicates high discriminatory power in identifying patients at risk for prolonged recovery.

2. Regression Results:

o Multivariate regression analysis found that high pre-operative anxiety increased the odds of
delayed recovery by 2.8 times (adjusted OR: 2.8, 95% CI: 1.9-4.0, p < 0.001).

o Other significant predictors included gender (female: OR = 1.7, 95% CI: 1.2-2.4, p < 0.01) and
surgical type (orthopedic: OR = 2.1, 95% CI: 1.4-3.2, p < 0.01).

Table 2, summarizing the multivariate regression results:
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Variable 0dds Ratio (OR) 9CSI% s;me
High Anxicty (STAI>40) 2.8 i:g’ <0.001
Age (>50 years) 1.3 (1)27 0.12
Female Gender 1.7 éi_ <0.01
Surgical Type (Orthopedic) 2.1 ;‘2‘7 <0.01

This table highlights that high anxiety (STAI > 40) is the most significant predictor of delayed recovery, with
an adjusted odds ratio (OR) of 2.8.

3. Mediation Analysis:
o Pain perception accounted for 30% of the anxiety-recovery association, suggesting that anxiety
exacerbates pain sensitivity and contributes indirectly to recovery delays.

Discussion
Key Insights

This study confirms the significant role of pre-operative anxiety as an independent predictor of delayed post-
operative recovery in ambulatory surgery patients. Patients with high anxiety (STAI > 40) exhibited prolonged
recovery times, higher pain scores, and delays in mobility. Mediation analysis further revealed that pain
perception accounted for 30% of the association between anxiety and recovery outcomes. These findings
underscore the complex interplay between psychological and physiological factors in shaping recovery
trajectories.

Physiological Mechanisms: Anxiety likely triggers heightened activation of the hypothalamic-pituitary-adrenal
(HPA) axis, leading to increased cortisol levels and systemic inflammation, both of which can impair wound
healing and recovery (Scott ,2014). Additionally, anxiety-associated hypervigilance amplifies pain perception,
which further delays recovery (Hawker ,2011).

Comparison to Existing Literature

The study aligns with prior research highlighting anxiety's adverse effects on surgical recovery (Mitchell, 2010).
However, this study provides novel insights specific to ambulatory surgery patients, a population often
overlooked in perioperative anxiety research. By focusing on same-day discharge patients, the findings address
unique challenges, such as limited opportunities for in-hospital monitoring and support.
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In contrast to some studies that emphasize pharmacological interventions (Kindler ,2000), this study highlights
the potential of non-pharmacological strategies, such as counseling and mindfulness, which may offer safer and
more sustainable solutions in ambulatory settings.

Clinical Implications

L.

Routine Screening for Anxiety:

Incorporating validated tools such as the State-Trait Anxiety Inventory (STAI) into pre-operative
assessments can help identify high-risk patients (Spielberger ,1983). Early detection enables targeted
interventions to mitigate anxiety before surgery.

2. Integrated Care Pathways:
Development of holistic care models that combine pharmacological and psychological interventions is
critical. For example:
o Pre-operative counseling sessions to educate patients and reduce uncertainty.
o Mindfulness and relaxation techniques, which have shown efficacy in lowering anxiety and
improving recovery outcomes (Thompson & Irwin, 2013).
o Digital tools like virtual reality (VR) applications to distract and calm patients pre-surgery
(Leung & Wormald, 2020).
3. Tailored Pain Management:
Integrating anxiety management with post-operative pain protocols could reduce the compounded
impact of anxiety on pain perception.
Study Limitations
1. Single-Country Setting:
The study was conducted in two centers within one country, potentially limiting the generalizability of
findings to other healthcare systems.
2. Self-Reported Measures:

Reliance on patient-reported anxiety and recovery scores introduces the potential for reporting bias.
Future studies should consider objective biomarkers to validate findings.
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3. Potential Confounders:

While adjustments were made for age, gender, and surgical type, unmeasured variables such as socio-
economic status or prior mental health history could influence results.

Future Directions
1. Randomized Controlled Trials:

Future research should evaluate the effectiveness of targeted anxiety-reduction interventions (e.g.,
mindfulness-based stress reduction or VR tools) in improving recovery outcomes in ambulatory
settings.

2. Biological and Genetic Markers:

Exploration of genetic predispositions or biomarkers for anxiety-related recovery risks could help
personalize interventions. For instance, examining cortisol levels or inflammatory markers pre- and
post-surgery could provide insights into physiological pathways.

3. Cross-Cultural Studies:

Expanding research to diverse populations and healthcare systems can validate the universality of these
findings and inform culturally sensitive interventions.

Conclusion

This study demonstrates that pre-operative anxiety is a significant independent predictor of delayed post-
operative recovery in ambulatory surgery patients. High anxiety levels were associated with prolonged recovery
times, increased pain perception, and delayed mobility, with mediation analysis highlighting pain as a key
intermediary. These findings emphasize the critical role of psychological factors in shaping recovery
trajectories, underscoring the need for holistic perioperative care.

Integrating routine anxiety screening and evidence-based interventions into perioperative protocols is essential.
Tools like the State-Trait Anxiety Inventory (STAI) can identify high-risk patients, while interventions such as
pre-operative counseling, mindfulness-based techniques, and digital solutions like virtual reality can mitigate
anxiety's impact. By prioritizing anxiety management, healthcare providers can improve recovery outcomes,
enhance patient satisfaction, and reduce healthcare costs associated with prolonged recovery.
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Future efforts should focus on validating these strategies through randomized controlled trials and exploring
biomarkers to personalize care. The integration of psychological support into perioperative workflows
represents a vital step toward advancing patient-centered care in ambulatory surgery.
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