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Abstract: Purpose: This study aimed to assess postoperative discomfort in patients undergoing
strabismus surgery under general anesthesia and to identify prognostic factors influencing surgical
outcomes.Material and methods: An observational study involving 100 patients undergoing
strabismus surgery under general anesthesia was conducted. Postoperative symptoms, including
headache, vomiting, and ocular pain, were recorded and quantified. Univariable and multivariable
logistic regression analyses were performed to identify prognostic factors.Results: Postoperative
symptoms were reported in 37 patients (37.0%). Multivariate analysis reFigvealed that female sex
was a significant risk factor for experiencing at least one postoperative symptom. At the same time,
the type of anesthesia emerged as a key determinant of postoperative pain (VAS 2= 6).Conclusion:
Patients undergoing strabismus surgery under general anesthesia are at risk of experiencing
postoperative symptoms and pain. Female sex and the type of anesthesia were identified as the most
significant prognostic factors influencing these outcomes.

Keywords: strabismus surgery; general anesthesia; postoperative outcomes; prognostic factors; pain
management; multivariate analysis

1. Introduction

Strabismus is characterized by a misalignment of the visual axes of the eyes, wherein the
deviated eye loses coordination with the fixing eye, leading to impaired or absent binocular vision
[1].

To correct ocular deviation, the first step involves assessing the potential for realignment using
optical correction. If this approach proves ineffective or inadequate, surgical intervention may be
necessary [1]. Strabismus surgery plays a vital role in enhancing visual quality in cases of early-onset
strabismus, restoring normal binocular vision in late-onset strabismus with well-preserved
preexisting binocular vision, eliminating abnormal head posture associated with strabismus, and
addressing aesthetic concerns. Aligned eyes not only improve physical appearance but also facilitate
social interactions and enhance overall quality of life [2].

Surgical techniques for strabismus involve realigning the eyes by modifying the extraocular
muscles, either by weakening an overactive muscle (muscle recession) or strengthening an
underactive muscle (muscle plication or resection).

Surgery for strabismus can be performed under topical/local anesthesia or general anesthesia,
with the choice of anesthesia determined by several factors, including the patient’s age, cognitive
function, and the expected duration of the procedure [3].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Ophthalmic surgeries are generally perceived to cause minimal or no postoperative pain, as they
involve less extensive tissue trauma compared to other surgical procedures [4]. However, limited
attention has been given to the factors contributing to postoperative pain and discomfort in
oculoplastic surgery performed under general anesthesia. These factors are critical not only for
analyzing surgical outcomes but also for improving the subjective patient experience. Understanding
the determinants of postoperative pain and discomfort may enable modifications that enhance
patient care and healthcare delivery systems [5].

This observational study seeks to identify which types of strabismus surgery are associated with
a higher risk of postoperative complications, considering the influence of the anesthesia type and the
patient’s age.

2. Material and Methods

Patients undergoing strabismus surgery were recruited based on the following inclusion criteria:
no age restrictions, inclusion of both sexes and all ethnicities, ability to provide informed consent for
adult patients, or parental/legal guardian assent for patients under 18 years of age.

All patients underwent a standard preoperative evaluation for strabismus surgery. This
included performing all necessary diagnostic tests to determine the most appropriate surgical
technique for each case. Subsequently, a consultation was held between the surgeon and the patient—
or, for patients under 18 years old, their parents or legal guardians —to discuss the surgical procedure
and any potential complications. Written informed consent was obtained before proceeding further.

Anesthetic evaluation followed the consent process to confirm the patient’s suitability for
surgery under general anesthesia. This assessment involved an anesthetic consultation, blood tests,
and an electrocardiogram (ECG).

The study received approval from the Human Subjects Ethics Committee of the University of
Milan and was performed in accordance with the ethical standards in the 1964 Declaration of Helsinki
and its later amendments.

2.1. Protocols of Anesthesia and Surgical Techniques

Standard monitors—including ECG, heart rate, blood pressure, and oxygen saturation —were
applied to all patients in the operating room.

During the intraoperative period, the administration of premedication was determined based
on the patient’s age and anxiety levels. Children under 12 years of age typically receive oral
midazolam to minimize anxiety, alleviate pain, and reduce resistance during the anesthesia
preparation phase [6].

For most patients undergoing straightforward strabismus procedures, such as rectus muscle
recessions, anesthesia was induced intravenously using fentanyl and propofol, with maintenance
provided by sevoflurane, an inhalation agent. Dosages were adjusted according to the patient’s
weight to ensure optimal anesthesia management [7].

For more complex procedures, such as plications or surgeries involving the oblique muscles,
stronger analgesics were administered because of the increased complexity and surgery duration.
Pediatric patients received ketoprofen, while adult patients were treated with ketorolac. These
analgesics were used to mitigate the risk of postoperative complications associated with longer and
more invasive procedures [8].

In some cases, such as patients with a mild cold who were otherwise fit for surgery,
dexamethasone, an anti-inflammatory agent, was used. Postoperative pain management includes the
administration of the antiemetic ondansetron and the analgesic paracetamol to ensure patient
comfort and reduce postoperative symptoms [9].

Exceptions to the standard anesthesia protocol were made for patients with neuromuscular
disorders. In these cases, anesthesia induction and maintenance were performed using remifentanil
and propofol, omitting the use of volatile inhalation agents. This adjustment was necessary because
agents like sevoflurane can trigger malignant hyperthermia in patients with neuromuscular
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conditions. Malignant hyperthermia is a life-threatening pharmacogenetic disorder of the skeletal
muscles, characterized by an exaggerated hypermetabolic response to volatile anesthetic agents and
depolarizing muscle relaxants, which causes circulatory shock [10].

Several surgical techniques, ranging from simple to complex procedures, were used, with key
differences as variables in the analysis. These included longer surgical durations, the potential need
for additional anesthesia, and greater postoperative discomfort for patients. The most commonly
performed procedure was rectus muscle recession, both medial and lateral, which involves
weakening an overactive muscle by repositioning it to a new insertion point. Conversely,
strengthening an underactive muscle was achieved through plication or resection techniques [11].

More advanced procedures were also conducted, including the anterior transposition of the
inferior oblique (ATIO) for cases of fourth cranial nerve paralysis [12], and the modified Nishida
technique, which involves transposing the superior and inferior rectus muscles toward the lateral
rectus to address sixth cranial nerve paralysis [13]. For patients diagnosed with Heavy Eye Syndrome
(HES), the Yokoyama technique was used, wherein the superior and lateral rectus muscles are
connected to correct the condition [14]. Also, some surgeries involved re-intervention on previously
operated muscles or using mixed and/or multiple techniques during the same procedure.

2.2. Outcome Measures

Patients were reassessed approximately 3 to 4 hours after surgery to evaluate postoperative
symptoms, including headache, nausea, vomiting, burning sensation, and the feeling of a foreign
body.

Age-appropriate scales were used to objectively measure postoperative symptoms and pain. For
children under 10 years old, the Wong-Baker Faces Pain Scale (WBFPS) was used [15]. This simple,
intuitive, and effective tool allows children to visually indicate their discomfort by selecting from six
faces representing different levels of pain. The WBFPS was used to assess symptoms such as burning
sensations, the sensation of a foreign body, eye pain, headache, nausea, vomiting, and episodes of
inconsolable crying. This scale provides a more objective and child-friendly method for evaluating
the type and intensity of pain experienced postoperatively [16].

For patients aged 10 years and older, either the Numeric Rating Scale (NRS) or the Visual
Analogue Scale (VAS) was employed [17]. These scales required patients to rate their level of pain or
discomfort on a numerical scale ranging from 0 (no pain) to 10 (worst pain imaginable), facilitating a
standardized and reliable assessment of postoperative symptoms.

Figure 1 illustrates the WBFPS, the NRS, and the VAS as presented to the patients.

A single operator administered one of the three pain assessment scales to every 100 patients,
providing verbal explanations to ensure an understanding of how each number or face corresponded
to specific symptoms. The scoring system was predetermined during the study design phase, with
higher scores indicating more severe symptoms.

For the WBEPS

Score 0 = no symptoms

Score 2 = ocular discomfort, such as burning or a foreign body sensation

Score 4 = eye pain

Score 6 = eye pain and headache

Score 8 = severe pain with possible nausea or vomiting (as reported by the parent)

Score 10 = episodes of inconsolable crying

While for the VAS and the NRS

Score 0-1 = no symptoms

Score 2-3 = ocular burning or foreign body sensation

Score 4-5 = eye pain

Score 67 = eye pain and headache

Score 8-9 = nausea

Score 10 = vomiting
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Wong-Baker FACES® Pain Rating Scale
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Figure 1. Caption.

2.3. Statistics

Descriptive data were summarized as the mean and standard deviation for continuous variables
with normal distribution and as the median and interquartile range (25th—75th percentiles) for non-
normally distributed continuous variables. Categorical variables were reported as absolute
frequencies and percentages. Factors associated with different outcomes, including symptoms and
pain, were analyzed using logistic regression. The analysis was conducted in two stages: univariate
models were applied initially, followed by multivariate models, to account for potential confounders.

3. Results

Between January and June 2024, 100 patients (45.0% female) were recruited from San Giuseppe
Hospital in Milan, Italy. The mean age of the sample was 26.1 years (+20.81). Table 1 summarizes the
baseline characteristics, including demographic and surgical details.

Table 1. Baseline characteristics (N = 100).

Sex Male 55 (55.0%)
Female 45 (45.0%)
Age 26.1 +20.81
rec RRMM, rec RRLL 59 (59.0%)
mixed 23 (23.0%)
Type of surgery ATIO, Yokoyama o Nishida, plicature 10 (10.0%)

ri-rec RRMM,, ri-rec RRLL, 8 (8.0%)

avanzamento

. Normal 77 (77.0%
Type of anesthesia Normal + additional 23 223.0%;
Duration of surgery <20 min 66 (66.0%)
> 20 min 34 (34.0%)

Most patients (59.0%) underwent rectus recession procedures on either the right medial rectus
muscle (RRMM) or the right lateral rectus muscle (RRLL). Most surgeries (77.0%) were conducted
under standard anesthesia protocols. Also, for 66.0% of the patients, the surgery duration was 20
minutes or less.

Table 2 outlines the postoperative outcomes, including symptoms reported during the follow-
up visit. 37 patients (37.0%) experienced at least one symptom, with headache being the most

d0i:10.20944/preprints202501.1291.v1
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common (25.0%), followed by ocular pain (7.0%). Most patients reported no pain (median: 0; range:

0-6).
Table 2. Outcomes.
Presence of at least one No 63 (63.0%)
symptom Yes 37 (37.0%)
Number of symptoms 0.4+0.61
No 75 (75.0%)
Headache Yes 25 (25.0%)
- No 98 (98.0%)
Vomiting Yes 2 (2.0%)
. No 93 (93.0%)
Ocular pain Yes 7 (7.0%)
. No 96 (96.0%)
Ocular burning Yes 4 (4.0%)
. No 97 (97.0%)
Foreign body Yes 3 (3.0%)
No 98 (98.0%)
Nausea Yes 2 (2.0%)
Pain scale (VAS) 0.0 (0.0- 6.0)

Table 3 presents an analysis of factors influencing the presence or absence of at least one
postoperative symptom.

Table 3. Univariate and multivariate logistic regression models evaluating factors associated with the presence

of at least one symptom.

Univariate analysis =~ Multivariate analysis

OR (95%CI); p OR (95%CI); p
Sex Female Ref Ref.
Male 0.27 (0.12 - 0.64); 0.003 0.22 (0.08 — 0.63); 0.004*
Age 1.01 (0.9 — 1.03); 0.50  1.00 (0.97 — 1.02); 0.92
rec RRMM, rec RRLL Ref. Ref.
ATIO, Yokoyama o Nishida, 75 45 _719). 041 0.85 (0.12 - 6.19); 0.87
plicature
Typeofsurgery  rierec RRMM, ri-rec RRLL, - 5 (16~ 4 90). 0,00 0.39 (0.06 - 2.42); 031
avanzamento
. 5.04 (1.80 — 14.15); ‘
Mixed 0000 0.99 (0.16 — 6.22); 0.99
Normal Ref. Ref.
Type of anesthesia Normal + additional 6.10 (2'028 0_116‘90); 4.92 (0.71 - 34.27); 0.11
Duration of <20 min Ref. Ref.
surgery >20 min 2.78 (118 = 6.57); 0.019 1.50 (0.50 — 4.46); 0.47

Univariate analysis identified several factors significantly associated with at least one
postoperative symptom. Female sex was linked to a higher likelihood of symptoms (OR = 3.70, p =
0.003). Other significant factors included mixed procedures (OR =5.04, p =0.002), the use of additional
anesthesia (OR = 6.10, p = 0.001), and surgery durations exceeding 20 minutes (OR = 2.78, p = 0.019).
However, in the multivariate model, only sex remained statistically significant, with males being less
likely than females to experience symptoms (OR = 0.22; 95% CI: 0.08-0.63; p = 0.004) (Figure 2).
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OR: 0.22 (95%CI: 0.08 - 0.67); p=0.004
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Figure 2. Caption.

The analysis of factors associated with pain (VAS > 6) is summarized in Table 4. The type of
anesthesia emerged as the only significant factor in both univariate and multivariate models
(univariate model: OR = 5.93, 95% CI: 2.18-16.16, p < 0.001; multivariate model: OR = 8.75, 95% CI:
1.09-70.01, p = 0.041) (Figure 3). While mixed surgery procedures showed significance in the
univariate model (OR = 3.86, 95% CI: 1.39-10.75, p = 0.010), this association was not sustained in the
multivariate analysis.

Sex demonstrated a borderline association with pain in the univariate analysis, suggesting that
males were less likely to report pain (OR = 0.42, 95% CI: 0.18-1.00, p = 0.05). However, this
relationship was not statistically significant in the multivariate model (OR = 0.41, 95% CI: 0.15-1.14,
p =0.09).

4. Discussion

This study evaluates differences in postoperative outcomes following strabismus surgery,
considering variables such as anesthesia type, surgical technique, and patient demographics. The
multivariate analysis identifies sex as the sole factor significantly associated with postoperative
symptoms, with males less likely to report symptoms after adjusting for confounders (OR: 0.22, 95%
CI: 0.08-0.63, p = 0.004).

Table 3 shows that the univariate analysis initially highlighted significant variables, including
type of surgery, anesthesia, and surgery duration. However, in the multivariate model, many of these
lost significance, likely because of confounding relationships. For example, "type of surgery" was
significantly associated with the need for additional anesthesia (p < 0.001) and longer surgery
durations (p < 0.001), as confirmed by chi-square tests. Also, "sex" was significantly linked to "type of
surgery" (p = 0.026), with males more likely to undergo procedures carrying a lower inherent risk of
symptoms. These interrelationships diminish the apparent influence of other variables.
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OR: 8,75 (95%CI: 1,09 - 70.01); p = 0.041
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Figure 3. Caption.

In Table 4, the multivariate analysis underscores the significant role of anesthesia type in
influencing postoperative symptoms (OR: 8.75, 95% CI: 1.09-70.01, p = 0.041), reinforcing the
independent impact of anesthesia protocols on postoperative pain and discomfort.

Table 4. Univariate and multivariate logistic regression models evaluating factors associated with the presence

of pain (VAS > 6).
Univariate analysis Multivariate analysis
OR (95%CI); p OR (95%CI); p
Sex Female Ref Ref.
Male 0.42 (0.18 - 1.00); 0.05  0.41 (0.15 - 1.14); 0.09
Age 1.01 (0.99 - 1.03); 0.27 1.01 (0.98 — 1.03); 0.47
rec RRMM, rec RRLL Ref. Ref.
ATIO, Yokoyama o Nishida, , 3¢ 56_9.63),023 077 (0.10 - 5.85); 0.80
Type of plicature
SUTEery ri-rec RRMM, ri-rec RRLL, 0.51 (0.06 —4.49); 054  0.34 (0.03 - 3.30); 0.35
avanzamento
Mixed 3.86 (1.39 - 10.75); 0.010  0.57 (0.08 — 4.22); 0.59
Type of Normal Ref. Ref.
anesthesia Normal + additional 5.93 (2.18 - 16.16); <0.001 8.75 (1.09 —70.01); 0.041
Duration of <20 min Ref. Ref.

surgery > 20 min 2.19(0.90 - 5.30); 0.08  1.04 (0.33 — 3.26); 0.95

Previous research, such as Huang et al. [18], also identified sex and surgical type as key
determinants of postoperative outcomes, particularly for symptoms like vomiting and dizziness.
These findings align with our results, though factors such as anxiety, a significant determinant in
their study, were not assessed in this research.

Limitations

A notable limitation of this study is the relatively small sample size, which may limit the
statistical power and the generalizability of the findings. Larger-scale studies with more robust and
controlled designs are warranted to validate these results and provide a more comprehensive
understanding of the factors influencing postoperative outcomes following strabismus surgery.
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5. Conclusions

The findings of this study indicate that sex is a significant determinant in predicting the
likelihood of postoperative symptoms within hours of strabismus surgery. Males appear to have a
lower risk of experiencing at least one postoperative symptom than females. To confirm and
strengthen these observations, future research with a larger sample size is recommended, enabling
more robust analyses and greater statistical reliability. Also, the analysis highlights that when
considering pain intensity —a score greater than 6 on the Visual Analogue Scale (VAS)—the type of
anesthesia emerges as the most critical factor. This association remains significant even in the
multivariate model, underscoring its independent role in influencing postoperative pain outcomes.
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