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AIM: This study aims to investigate whether pupillary light reflex (PLR) parameters in dynamic pupillometry can effectively predict
postoperative nausea and vomiting (PONV).
METHODS: In this prospective observational study, patients scheduled to undergo elective lobectomy under general anesthesia were
enrolled from 1August 2023 to 7 October 2023 at Yantai Yuhuangding Hospital, a large regional tertiary hospital in Yantai City, Shandong
Province, China. Preoperative pupillary parameters were measured using a portable infrared pupillometer, and the patients were followed
upwithin 24 hours postoperatively to assess postoperative nausea and vomiting (PONV) and recovery quality. Logistic regression analysis
and receiver operating characteristics (ROC) curves were used to evaluate the predictive efficacy of pupillary parameters, and mediation
analysis was conducted to explore the mediating role of PONV between pupillary parameters and recovery quality.
RESULTS: Forty-six patients (29.9%) who experienced PONV had smaller maximum pupil diameter, average constriction velocity
(ACV), maximum constriction velocity (MCV), and percentage pupil change. MCVwas identified as an independent predictor of PONV,
with each 1-unit increase in MCV reducing the risk of PONV by 87%. Gender was a protective factor, with males having a 65% lower
risk of PONV compared to females. The ROC analysis showed that the area under the curve (AUC) value of MCV was 0.831 (95%
confidence interval (CI): 0.760–0.902), indicating that the model has strong classification ability when using MCV as a predictor. Thus,
PONV plays a full mediating role in the relationship between MCV and postoperative recovery quality.
CONCLUSIONS: MCV is a reliable predictor of PONV, which plays a full mediating role in the relationship between MCV and post-
operative recovery quality. Thus, with a capability in predicting PONV occurrence, preoperative MCV measurement can be employed
for the purpose of improving patient recovery outcomes.
CLINICAL TRIAL REGISTRATION: Chinese Clinical Trial Registry (ChiCTR2300073869).

Keywords: postoperative nausea and vomiting; anesthesia; pupillary light reflex; maximum constriction velocity; gender; quality of
postoperative recovery

Introduction
Nausea and vomiting are among the most common com-
plications during the perioperative period. Nausea is char-
acterized by an unpleasant sensation in the stomach, often
leading to the feeling of impending vomiting, accompanied
by symptoms such as active dry heaving, tachycardia, and
increased salivation [1]. Vomiting, on the other hand, in-
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volves the involuntary and forceful expulsion of stomach
contents through the mouth and/or nose [2]. Postoperative
nausea and vomiting (PONV) persists as distressing com-
plications following surgery, resulting in adverse outcomes
such as delayed discharge, increased risk of readmission,
prolonged recovery time after discharge, and heightened
healthcare costs [3]. PONV is defined as the occurrence
of nausea, vomiting, or dry heaving in the post-anesthesia
care unit or within 24 hours of surgery [2]. Previous studies
indicate that the risk of PONV after elective surgery is ap-
proximately 30%, with the incidence rising to 80% in high-
risk patients [4–8]. Despite advancements in anesthesiol-
ogy and the recognition of PONV as a primary management
concern, its occurrence remains prevalent. While anesthesi-
ologists prioritize postoperative pain management, prevent-
ing PONV is equally crucial from the patient’s perspective.
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Comfort measures throughout the perioperative period have
been a cornerstone of anesthesiology practice, underscoring
the importance of addressing PONV alongside postopera-
tive pain. Existing research indicates that the occurrence
of PONV is associated with many factors, including pa-
tient risk factors such as female gender, history of motion
sickness, non-smoking status, and the use of opioids [9,10].
In terms of anesthesia management, the use of inhalational
anesthetics is more likely to lead to PONV compared to in-
travenous anesthetics (e.g., propofol), and prolonged sur-
gical duration can also contribute to PONV. Additionally,
genetic factors play a role, as single nucleotide polymor-
phisms (SNPs) CHRM3 rs2165870 and KCNB2 rs349358
have been shown to be significantly associated with PONV
in Caucasian populations [11]. Studies have demonstrated
that risk assessment for PONV is crucial for reducing its
incidence and guiding clinical treatment.
In recent years, researchers have proposed various PONV
risk scores and predictionmodels. Among them, the simpli-
fied Apfel risk score is the most widely used predictive tool,
which is based on four key variables: female gender, his-
tory of motion sickness or PONV, non-smoking status, and
postoperative opioid use [12]. Furthermore, the Koivuranta
score builds upon the Apfel score by incorporating surgical
duration (>60 minutes) as a fifth predictive factor to im-
prove the accuracy of risk assessment. Bourdaud et al. [13]
proposed a PONV prediction model for pediatric patients
by combining multiple risk factors, such as surgical type,
anesthesia duration, and postoperative analgesic methods.
Xie et al. [7] developed a machine learning algorithm to
automatically predict PONV, significantly improving pre-
diction accuracy by analyzing large-scale patient data. Cur-
rently, all prediction models are based on the Apfel score,
and no models predicting PONV from other perspectives
have yet emerged. Despite the prevalence and importance
of PONV, little is known about the core mechanisms behind
it [4].
Vomiting is preceded by a number of characteristic phys-
iologic changes, such as sweating, pallor, salivation, ele-
vated blood pressure, tachycardia, cutaneous vasoconstric-
tion, and decreased gastrointestinal motility, all of which
are mediated by the autonomic nervous system (ANS) [1].
Previous studies have shown that an increase in nausea is
associated with a decrease in parasympathetic nerves and
an increase in sympathetic modulation, which is the main
cause of these symptoms [1,14,15]. Additionally, it has
been found that while the insula and certain other areas of
the brain appear to regulate both sympathetic and parasym-
pathetic responses, there also appears to be a different cen-
tral control of the autonomic response to nausea and vom-
iting [16]. Thus, PONV is closely related to the ANS.
The functional state of the ANS is challenging to quan-
tify, but recent research suggests that the functional state
of the pupil can serve as a reliable indicator. Pupil infrared
measurement can quasi-quantify pupil functional parame-

ters, providing insights into ANS activity [15]. Pupillome-
try, which involves measuring pupil size and reactivity, is a
vital component of neurological examinations. The pupil-
lary light reflex (PLR) reflects the functional state of the
pupil, with pupil size, dilation, and constriction rates influ-
enced by the ANS. The sympathetic nervous system typi-
cally dilates the pupil, while the parasympathetic nervous
system tends to constrict it [17]. Advancements in tech-
nology have led to the development of portable automated
infrared pupillometers (PAIP), enabling objective assess-
ments of PLR by measuring pupil size, constriction, and
dilation rates [18]. Numerous studies have demonstrated
the utility of PAIP in evaluating clinical disorders affecting
the ANS [19–21]. This indicates that the functional state
of the pupil reflects the balance between sympathetic and
parasympathetic actions, offering insights into the ANS’s
functional status. Based on these findings, we hypothesize
that utilizing PAIP responses to assess patients’ autonomic
functional status could predict the occurrence of PONV.
To investigate methods for predicting the occurrence of
PONV, we conducted a prospective observational study
involving patients undergoing thoracoscopic lobectomy.
Preoperative pupillary parameters were measured using a
pupillometer before anesthesia induction. The aim is to de-
termine whether specific parameters of the PLR could serve
as independent predictors of PONV in patients with Amer-
ican Society of Anesthesiologists Physical Status (ASA)
grading of I to III undergoing elective surgery.

Materials and Methods
Patients
This prospective observational study was conducted at Yan-
tai Yuhuangding Hospital, a large tertiary teaching hospital
in China. The trial has been approved by theMedical Ethics
Committee ofYantai YuhuangdingHospital [2023-266] and
registered with the Chinese Clinical Trial Registry (regis-
tration number: ChiCTR2300073869, registration date: 24
July 2023). All participating patients provided written in-
formed consent. Eligible patients were individuals aged 18
years or older with ASA physical status I–III scheduled to
undergo elective surgery under general anesthesia. Patients
with ocular disease, a history of ophthalmic surgery, pupil
deformity, use of medications affecting pupil size, use of
alpha or beta blockers, neuromuscular dysfunction, thyroid
dysfunction, history of cerebral infarction, history of dia-
betes mellitus, and history of motion sickness, scheduled
surgery time <30 minutes or >180 minutes, planned neu-
rosurgery, were excluded. Patients were withdrawn from
the study in the events of failed arterial catheterization, loss
of PONV data, or loss of pupillary data.

Pupil Measurement
All patients remained in the pre-anesthesia room before
entering the operating theater for induction of anesthesia.
Pupillometry measurements were conducted by a profes-
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Fig. 1. Schematic diagram of operating a pupillometer (PLR-3000™, Neuroptics, Inc., Laguna Hills, CA, USA).

sionally trained researcher between 8:00AMand 10:00AM
in the pre-anesthesia roomwith the curtains drawn. The left
pupil was uniformly measured using a pupillometer (PLR-
3000, NeurOptics, Inc, Laguna Hills, CA, USA). During
the measurement, the ambient light was kept relatively dim
to minimize interference from external light on the natural
state of the pupil. Patients were instructed to look straight
ahead to stabilize the pupil position and avoid the influ-
ence of the accommodation reflex on the PLRmeasurement
(Fig. 1). Additionally, patients were guided to cover the
contralateral eye to eliminate any potential impact of con-
tralateral vision on the measurement results. If any issues
such as blinking, headmovement, or technical malfunctions
occurred during the measurement process, leading to data
quality that did not meet the requirements, the scan result
would be immediately discarded, and repeated measure-
ment was conducted to ensure the accuracy and reliability of
the data. After computer recording completion, the follow-

ing parameters were recorded: maximum pupil diameter,
minimum pupil diameter, percentage pupil change, pupil
constriction delay, maximum constriction velocity (MCV),
and average constriction velocity (ACV).

Anesthesia Management

The day before surgery, patients were visited to obtain gen-
eral clinical information. The experimental study and anes-
thesia procedure were explained to the patients, and in-
formed consent was obtained for both. Patients were re-
quired to fast, avoiding food and drink, after 10:00 PM.
Upon entering the operating room, patients were connected
to cardiac monitoring. Intraoperative monitoring included
cuff pressure, invasive arterial pressure, respiratory rate,
oxygen saturation, pulse, electrocardiogram (ECG), body
temperature, airway pressure, end-tidal carbon dioxide,
tidal volume, and minute ventilation. Ten minutes after en-
tering the operating room, patients underwent radial artery
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puncture to monitor arterial blood pressure. Five minutes
after puncture, anesthesia was induced using the standard
rapid sequence induction protocol: midazolam 0.04 mg/kg,
sufentanil 0.3 µg/kg, etomidate 0.3 mg/kg, cisatracurium
0.15 mg/kg, or rocuronium bromide 0.6 mg/kg. Mask ven-
tilation was performed for 5 minutes, followed by tracheal
intubation by an experienced anesthesiologist under video
laryngoscopy. All patients were intubated with a reinforced
tracheal tube (size 7.5) and had a bronchial blocker in-
serted. The position of the blocker was adjusted using a
fiberoptic bronchoscope. After successful placement, pa-
tients were positioned in the lateral decubitus position and
underwent an erector spinae plane block under ultrasound
guidance. Twenty milliliters of ropivacaine at a concentra-
tion of 0.375% was injected. At the end of the surgery, a
fiberoptic bronchoscope was used again to ensure the cor-
rect position of the bronchial blocker for one-lung ventila-
tion. During the operation, anesthesia was maintained with
remifentanil and sevoflurane. Norepinephrine or phenyle-
phrine was used to increase blood pressure if necessary, and
nomorphine was administered throughout the perioperative
period.

Data Collection
Patient characteristics were retrieved from the hospital V6
system, including age, gender, body mass index (BMI),
ASA classification, hemoglobin level, total protein level,
potassium ions, sodium ions, calcium ions, history of smok-
ing, history of hypertension, history of cardiac disease, use
of analgesic pumps, hypotension after induction of anesthe-
sia, and intraoperative hypothermia. Mean arterial pressure
(MAP) was recorded within 10 minutes from the start of in-
duction of anesthesia, including tracheal intubation. Post-
induction hypotension was defined as MAP <65 mmHg or
a 30% reduction from baseline MAP, which was recorded
1 minute before induction of anesthesia, during the interval
from induction to 10 minutes after intubation. Intraopera-
tive hypothermia was defined as a body temperature below
36 °C during a period from induction of anesthesia to the
end of anesthesia.
PONVwas defined as the symptom of nausea and vomiting
within 24 hours after completion of the procedure, and the
patients were divided into the PONV group and the non-
PONV group according to whether or not they experienced
nausea and vomiting during the first postoperative day. The
Quality of Recovery-15 (QoR-15) scale was used to assess
the quality of recovery on the first postoperative day. The
occurrence of PONV in this study was assessed primarily
through two methods. First, ward nurses evaluated PONV
at three time points postoperatively: 2 hours, 12 hours, and
24 hours, using a PONV assessment scale [2,22]. Second, a
specialized anesthesiologist conducted a ward follow-up at
24 hours postoperatively, inquiring about the patient’s and
family’s experiences to gather information.

Calculation of Sample Size
The test level was set at α = 0.05, test efficacy (1 – β) was
set at 90%, and a two-sided test (s = 2) was utilized. Based
on previous study indicating that PONVoccurs in up to 30%
of patients after surgery under general anesthesia, with a
known incidence of 30%, the minimum number of cases
required to construct a logistic regression model (Model 1)
was determined to be 122 [23]. Considering a dropout rate
of 20%, a minimum of 154 patients would need to be in-
cluded in the study to ensure an adequate sample size.

Statistical Analysis
Data collection was conducted using Microsoft Excel. The
normality of all data was tested using the Kolmogorov–
Smirnov test. Normally distributed results were reported
as mean± standard deviation (SD) and compared using the
independent samples t-test. Non-normally distributed data
were reported as median (interquartile range) and compared
using the Mann–Whitney U test. Categorical data were
compared using the chi-square test (or Fisher’s exact test)
and reported as numbers (%).
Predictors of PONV likelihood were tested using twomulti-
variate logistic regression models. Pupil parameters show-
ing significant differences in the PONV group were added
to the logistic regression model, and regression analyses
were performed using the input method. Age was included
as a separate variable in Model 1 due to its strong cor-
relation with pupil parameters [24]. Additionally, based
on the study results and previous large-scale retrospective
analyses, variables such as age, analgesic pump use, gen-
der, smoking history were adjusted for inclusion in Model
2 for multifactorial regression analysis [25,26]. Receiver
operating characteristics (ROC) curves were used to assess
pupil functional state parameters and their ability to predict
PONV based on these analyses. The relationship between
MCV and quality of postoperative recovery was analyzed
using Spearman correlation analysis before mediation anal-
ysis. The mediating effect of PONV in MCV and quality of
postoperative recovery was tested using Bootstrap method
with 5000 repeated samples (95% confidence interval (CI)).
All statistical analyses were performed using SPSS 25.0
(IBM, Armonk, NY, USA), and p < 0.05 was considered
statistically different.

Results
Initially, 178 patients were enrolled in this study. Among
them, two patients with a history of dizziness, four patients
with a history of cerebral infarction, three patients with thy-
roid dysfunction, and four patients withmissing PONVdata
were excluded. Additionally, 11 patients withdrew from
the study, including six patients with partially missing pupil
data, three patients with operation time of less than 30 min-
utes, and two patients with operation time of more than 180
minutes. Ultimately, data from 154 patients were analyzed,
among whom 46 (29.9%) experienced PONV. The distri-
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Fig. 2. Flow chart depicting the screening and grouping of participants, as well as analysis process, in this study [27–29]. The
specific steps are as follows: During the screening phase (Enrollment), a total of 178 patients were assessed for eligibility. Exclusion
criteria included patients with a history of motion sickness (n = 2), patients with a history of cerebral infarction (n = 4), patients with a
history of abnormal thyroid function (n = 3), and patients with missing postoperative nausea and vomiting (PONV) data (n = 4). In the
randomization phase (Randomized), a total of 165 patients met the criteria and were randomized into two groups: the PONV group (n
= 49) and the non-PONV group (n = 116). During the follow-up phase (Follow-Up), in the non-PONV group, there were patients with
missing pupil data (n = 4), patients with surgical time <30 minutes (n = 3), and patients with surgical time ≥180 minutes (n = 1). In the
PONV group, there were patients with missing pupil data (n = 2) and patients with surgical time ≥180 minutes (n = 1). In the analysis
phase (Analysis), the final number of patients included in the analysis was 46 in the PONV group and 108 in the non-PONV group.

bution of ASA grades among these patients was as follows:
ASA grade I (n = 4), ASA grade II (n = 131), and ASA
grade III (n = 19) (Fig. 2, Ref. [27–29]).

Out of 178 initially assessed participants, 165 were deemed
eligible and subsequently divided into the PONV and non-
PONV groups. During data processing, some data were
lost or deemed ineligible due to various reasons. Conse-
quently, data from 46 participants in the PONV group and
108 participants in the non-PONV group were analyzed.
This grouping and screening process helps ensure the relia-
bility of the data and the validity of the experimental results.

Patient Data

In the cohort of enrolled patients, 29.9% (46/154) experi-
enced PONV. Among these patients, 33 were female and 13
weremale. Twenty-four patients had used analgesic pumps,
while 21 had not. In the PONV group, the proportion of
female patients was significantly higher than that of male
patients (71.74% vs. 28.26%, p = 0.013), indicating that
female patients are more likely to experience PONV com-
pared to male patients. The proportion of patients in the
non-PONV group using analgesic pumps was significantly
higher than that in the PONV group (70.09% vs. 53.33%, p
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Table 1. Basic characteristics between the PONV group and non-PONV groups.
Non-PONV (n = 108) PONV (n = 46) z/χ2 p

Age (years) 59.00 (55.00, 65.25) 63.50 (58.00, 68.00) –1.69 0.091
BMI (kg/m2) 24.73 (22.48, 27.22) 23.89 (22.27, 26.20) –1.28 0.201
Gender, n (%) 6.20 0.013*

Female 54 (50.00) 33 (71.74)
Male 54 (50.00) 13 (28.26)

HGB (g/L) 133.00 (123.75, 142.00) 131.50 (124.25, 142.75) –0.29 0.773
Total protein (g/L) 66.23 (63.03, 68.40) 67.26 (64.34, 70.65) –1.81 0.058
K+ (mmol/L) 3.98 (3.84, 4.16) 3.88 (3.68, 4.11) –1.65 0.100
Ca2+ (mmol/L) 2.28 (2.23, 2.34) 2.30 (2.25, 2.35) –1.15 0.250
Na+ (mmol/L) 141.25 (139.93, 142.20) 141.25 (140.20, 142.00) –0.16 0.874
ASA, n (%) 0.646

I 2 (1.85) 2 (4.35)
II 93 (86.11) 38 (82.61)
III 13 (12.04) 6 (13.04)

Smoking history, n (%) 0.56 0.454
No 86 (79.63) 39 (84.78)
Yes 22 (20.37) 7 (15.22)

History of hypertension, n (%) 0.06 0.801
No 75 (69.44) 31 (67.39)
Yes 33 (30.56) 15 (32.61)

History of heart disease, n (%) 3.22 0.073
No 104 (96.30) 40 (86.96)
Yes 4 (3.70) 6 (13.04)

Analgesic pump, n (%) (n = 152) 3.92 0.048*
No 32 (29.91) 21 (46.67)
Yes 75 (70.09) 24 (53.33)

Post-induction hypotension, n (%) 0.18 0.673
No 81 (75.00) 33 (71.74)
Yes 27 (25.00) 13 (28.26)

Intraoperative hypothermia, n (%) 0.03 0.863
No 65 (60.19) 27 (58.70)
Yes 43 (39.81) 19 (41.30)

Notes: Post-induction hypotension means a 20% fall in systolic blood pressure or a MAP <65 mmHg within 15
minutes of induction of anaesthesia. *p < 0.05, compared with the non-PONV group.
Abbreviations: ASA, American Society of Anesthesiologists Physical Status; BMI, body mass index; HGB,
hemoglobin; MAP, mean arterial pressure.

Table 2. Pupil parameters between the PONV group and non-PONV groups.
Non-PONV (n = 108) PONV (n = 46) t/z p

Maximum pupillary diameter (mm) 4.08 ± 0.83 3.73 ± 0.83 2.42 0.017*
Minimum pupillary diameter (mm) 3.25 (2.90, 3.60) 3.00 (2.52, 3.60) –1.70 0.090
Pupil constriction delay (mm/s) 0.23 (0.23, 0.27) 0.23 (0.23, 0.27) –2.53 0.673
ACV (mm/s) 1.92 (2.38, 1.44) 1.42 (2.14, 1.08) –2.54 0.011*
MCV (mm/s) 2.75 (3.41, 2.40) 1.79 (2.09, 1.44) –6.49 <0.001**
Percentage pupil change 0.19 (0.16, 0.24) 0.15 (0.12, 0.24) –0.42 0.011*

Note: *p < 0.05, **p < 0.01, compared with the non-PONV group.
Abbreviations: ACV, average constriction velocity; MCV, maximum constriction velocity.

= 0.048). No significant differences were observed between
patients who experienced PONV and those who did not in
terms of preoperative hemoglobin counts, albumin counts,
electrolyte concentrations (including potassium ions, serum

calcium ions, and sodium ions), BMI, ASA classification,
presence of a history of smoking, history of cardiac disease,
post-induction hypotension, and intraoperative hypother-
mia. In addition, there were no statistically significant dif-
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Table 3. Univariate regression analysis.
Variables β SE z p OR (95% CI)

ASA, n (%)
I
II –0.90 1.02 –0.88 0.379 0.41 (0.06–3.01)
III –0.77 1.12 –0.69 0.488 0.46 (0.05–4.11)

Smoking history, n (%)
No
Yes 0.35 0.47 0.75 0.456 1.43 (0.56–3.62)

History of hypertension, n (%)
No
Yes –0.10 0.38 –0.25 0.801 0.91 (0.43–1.91)

History of heart disease, n (%)
No
Yes –1.36 0.67 –2.03 0.052 0.26 (0.07–0.96)

Use of analgesic pump, n (%)
No
Yes 0.72 0.37 1.96 0.050 2.05 (1.01–4.20)

Gender, n (%)
Female
Male –0.93 0.38 –2.45 0.014* 0.39 (0.19–0.83)

Post-induction hypotension, n (%)
No
Yes 0.17 0.40 0.42 0.673 1.18 (0.54–2.57)

Intraoperative hypothermia, n (%)
No
Yes 0.06 0.36 0.17 0.863 1.06 (0.53–2.15)

HGB (g/L) –0.00 0.01 –0.25 0.805 1.00 (0.97–1.02)
Total protein (g/L) 0.07 0.04 1.99 0.056 1.08 (1.01–1.16)
K+ (mmol/L) –0.78 0.54 –1.44 0.151 0.46 (0.16–1.33)
Na+ (mmol/L) –0.01 0.08 –0.13 0.894 0.99 (0.84–1.17)
Ca2+ (mmol/L) 1.93 1.52 1.27 0.206 6.86 (0.35–135.69)
BMI (kg/m2) –0.06 0.05 –1.23 0.218 0.94 (0.85–1.04)
Age (years) 0.03 0.02 1.29 0.197 1.03 (0.99–1.07)
Maximum pupillary diameter (mm) –0.53 0.23 –2.35 0.019* 0.59 (0.38–0.92)
Minimum pupillary diameter (mm) –0.33 0.25 –1.30 0.192 0.72 (0.44–1.18)
Pupil constriction delay (mm/s) 0.16 0.19 0.88 0.381 1.18 (0.82–1.69)
Percentage pupil change –1.84 3.24 –0.57 0.571 0.16 (0.00–91.80)
ACV (mm/s) –0.63 0.24 –2.58 0.010* 0.54 (0.33–0.86)
MCV (mm/s) –1.58 0.31 –5.15 <0.001** 0.21 (0.11–0.38)

Note: *p < 0.05, **p < 0.01 compared with the non-PONV group. Post-induction hypotension
means a 20% fall in systolic blood pressure or a MAP<65 mmHg within 15 minutes of induction
of anaesthesia. The results were considered statistically significant at p < 0.05.
Abbreviations: CI, confidence interval; SE, standard error; OR, odds ratio.

ferences in age and history of hypertension between the
groups (Table 1).

Data on Pupil Function Parameters

Compared to patients who did not develop PONV, patients
who developed PONV had smaller maximum pupil diame-
ters at rest (p = 0.017), smaller average constriction velocity

(ACV) values (p = 0.011), smaller maximum constriction
velocity (MCV) values (p < 0.001), and smaller percent-
age pupil change (p = 0.011) (Table 2).

Regression Analysis

Univariate regression analysis revealed the relationship of
PONV occurrence with maximum pupil diameter at rest,
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Table 4. Predictors for PONV occurrence.
Predictors β SE Wald χ2 OR (95% CI) p

Unadjusted analysis
Maximum pupillary diameter (mm) –0.09 0.32 0.078 0.92 (0.49–1.71) 0.783

ACV (mm/s) 0.76 0.45 2.79 2.13 (0.87–5.12) 0.096
MCV (mm/s) –2.06 0.41 25.50 0.13 (0.06–0.28) <0.001**
Gender, n (%)

Female
Male –1.09 0.48 –2.27 0.34 (0.13–0.86) 0.023*

Model 1
Maximum pupillary diameter (mm) –0.03 0.33 0.001 0.97 (0.51–1.85) 0.923

ACV (mm/s) 0.80 0.46 2.99 2.23 (0.90–5.52) 0.083
MCV (mm/s) –2.08 0.41 25.50 0.12 (0.06–0.28) <0.001**
Gender, n (%)

Female
Male –1.09 0.48 –2.29 0.34 (0.13–0.85) 0.022*

Model 2
Maximum pupillary diameter (mm) 0.08 0.34 0.063 1.09 (0.56–2.13) 0.804

ACV (mm/s) 0.75 0.47 2.53 2.11 (0.84–5.29) 0.111
MCV (mm/s) –2.07 0.42 24.50 0.13 (0.06–0.29) <0.001**
Gender, n (%)

Female
Male –1.04 0.48 –2.16 0.35 (0.14–0.91) 0.030*

Note: *p < 0.05, **p < 0.01. Model 1: Adjusted for age; Model 2: Adjusted for age, analgesic pump use, gender, smoking
history.

Fig. 3. ROC curves. (A) ROC curve for MCV. The blue curve indicates the ROC curve for MCV, with an AUC = 0.831, demonstrating
the diagnostic performance of MCV at different thresholds. The AUC value of 0.831 indicates that MCV has good diagnostic ability.
The black line represents the ROC curve for random guessing, with an AUC = 0.50. The curve represents the performance of random
guessing, with an AUC value of 0.50, indicating that the model has no diagnostic ability. (B) ROC curve for gender. The blue curve
indicates the ROC curve for gender, with an AUC = 0.609, demonstrating the diagnostic performance of gender at different thresholds.
The AUC value of 0.609 indicates that gender has some diagnostic ability. The black line represents the ROC curve for random guessing,
with an AUC = 0.50. This curve represents the performance of random guessing, with an AUC value of 0.50, indicating that the model
has no diagnostic ability. Abbreviations: AUC, area under the curve; ROC, receiver operating characteristics.

ACV, MCV, and gender (Table 3). Considering that age is
an important factor influencing pupillary reflexes accord-
ing to existing studies, age was included in Model 1 of

the multivariate regression analysis [27–29]. After adjust-
ment, only two variables showed significant correlations
with PONV: MCV (p < 0.001) and gender (p = 0.022),



689 Ann. Ital. Chir., 96, 5, 2025

Qiang Song, et al.

Table 5. Spearman correlation analysis.
Variable 1 Variable 2 ρ p

PONV MCV –0.523 <0.05*
PONV QoR-15 –0.803 <0.05*
MCV QoR-15 0.379 <0.05*

Note: This table shows correlation results from
a sample of 154, which were generated from the
Spearman correlation analysis. *p < 0.05.
Abbreviations: QoR-15, Quality of Recovery-15.

Table 6. Model analysis for mediating effects.
QoR-15 PONV QoR-15

Constant 44.548 1.197 68.732
MCV 5.412 –0.291 –0.468
PONV –20.198
R2 0.184 0.234 0.895
Adjusted R2 0.175 0.226 0.893
F 22.065 29.906 412.303

while the remaining variables did not show statistically
significant differences between the PONV and non-PONV
groups. Based on current literature suggesting that the use
of analgesic pumps and smoking history also affect PONV
[6,8,30,31], these factors were further included in Model
2. After adjustment, significant differences remained be-
tween the PONV and non-PONV groups for MCV values
(p< 0.001) and gender (p = 0.030). Therefore, MCVvalues
(odds ratio (OR) 0.13, 95% CI 0.06–0.29; p < 0.001) were
identified as significant independent predictors of PONV.
Gender (OR 0.35, 95% CI 0.14–0.91; p = 0.030) also
showed a correlation, albeit a weak one (Table 4). We as-
sessedmulticollinearity among the predictors. The variance
inflation factor (VIF) was used to measure multicollinear-
ity, and the VIF values for all experimental independent
variables were less than 5.

ROC Curve Analysis
Based on the results of logistic regression, we analyzed the
predictive power of MCV as well as gender on PONV and
performed ROC curve analysis. MCV demonstrated good
diagnostic value when used as a predictor (area under the
curve (AUC): 0.831, 95% CI: 0.760–0.902; p < 0.001)
(Fig. 3A). The sensitivity and specificity of the best diag-
nostic value (0.367 mm/s) were 82.4% and 76.1%, respec-
tively. Gender also exhibited some diagnostic value (AUC:
0.609, 95% CI: 0.528–0.690; p = 0.030) (Fig. 3B), with
an optimal diagnostic value of 0.287. The sensitivity and
specificity values were 50.0% and 71.7%, respectively.

Correlation Between the Occurrence of PONV, Maximum
Pupil Constriction Velocity and the Quality of
Postoperative Recovery
To further explore the relationships among PONV, MCV,
and QoR-15, we performed Spearman correlation analy-

sis (Table 5). The results showed a significant negative
correlation between PONV and MCV (ρ = –0.5252, p <

0.05), indicating that lowerMCV values are associated with
a higher risk of PONV. Additionally, PONV was signifi-
cantly negatively correlated with the QoR-15 (ρ = –0.8026,
p < 0.05), suggesting that the occurrence of PONV signif-
icantly reduces the quality of postoperative recovery. On
the other hand, MCVwas significantly positively correlated
with QoR-15 (ρ = 0.3789, p < 0.05), indicating that higher
MCV values are associated with better postoperative recov-
ery quality. These findings further support the importance
of MCV as a predictive indicator of PONV and reveal the
mediating role of PONV between MCV and postoperative
recovery quality.

Analysis of the Mediating Effect of the Occurrence of
PONV in the Maximum Pupillary Constriction Velocity
and the Quality of Postoperative Recovery

Maximum pupil constriction velocity was used as the inde-
pendent variable (X), PONV as the mediating variable (M),
and quality of postoperative recovery as the dependent vari-
able (Y): the predicted effect value of X on M was a; the
predicted effect value of M on Y was b; the predicted ef-
fect value of X on Y was c; and the predicted direct effect
value of adding M was c’ (i.e., c’ = c-ab). The results of
this study showed that the occurrence of PONV had a fully
mediated effect between MCV and postoperative recovery
quality, and the mediating effect accounted for 100% of the
total effect ratio, i.e., 100% of the predicted effect of MCV
on postoperative recovery quality was indirectly influenced
by PONV. Bootstrap method was further applied to test the
mediating effect of PONV, and the results showed that the
mediating effect value of PONV was 0.481, 95% CI did
not include 0 (0.341, 0.590), indicating that the mediating
effect of PONV was significant and that the hypothesis of
mediating effect was valid (Tables 6,7; Fig. 4).

Discussion
PONV continues to be a prevalent and distressing prob-
lem after surgery, despite the fact that postoperative pain
control has been given priority for clinical management for
decades. Previous data have shown that the incidence of
nausea and vomiting can be as high as 80% in high-risk
populations undergoing general surgery [25]. From the pa-
tient’s perspective, its significance is similar to avoiding
postoperative pain. The treatment of PONV is complicated
by the fact that various antiemetics have different pharma-
cokinetics, efficacy, and side effects [9]. Recognizing the
importance of early prevention and treatment of PONV is
critical to avoiding postoperative complications, improv-
ing patient satisfaction, and facilitating the development of
outpatient and expedited surgery [32]. Consensus guide-
lines provide some direction but have limited applicabil-
ity to all patient populations and to all aspects of nausea
and vomiting prevention [9]. The physiologic mechanisms



690 Ann. Ital. Chir., 96, 5, 2025

Qiang Song, et al.

Table 7. Analysis of mediating effects.

Effect model Effect
95% CI

SE Efficiency ratio
LLCI ULCI

Total effect 5.412 3.154 7.671 1.152
Direct effect –0.468 –1.400 0.463 0.475
Total indirect effect 0.481 0.341 0.590 0.064
MCV→PONV→QoR-15 0.481 0.341 0.590 0.064 100%

Abbreviations: LLCI, lower limit of the confidence interval; ULCI, upper limit of the con-
fidence interval.

Fig. 4. Diagram depicting PONV-mediated path between
MCV and QoR-15, illustrating the mediating effect of PONV
between MCV and Quality of Recovery-15 (QoR-15). The val-
ues represent the standardized regression coefficients (β) for each
path: (1) Path a (MCV → PONV): β = –0.291. This indicates
that higher MCV values are significantly associated with a lower
risk of PONV. (2) Path b (PONV→ QoR-15): β = –20.198. This
indicates that the occurrence of PONV is significantly associated
with poorer postoperative recovery quality. (3) Path c (MCV →
QoR-15): β = 5.412. This indicates that higher MCV values are
significantly associated with better postoperative recovery quality.
(4) Path c’ (MCV → QoR-15, after accounting for PONV): β =
–0.468. This indicates the direct effect of MCV on QoR-15 after
controlling for the mediating effect of PONV. Note: The mediat-
ing effect of PONV fully explains the relationship between MCV
and QoR-15, as the direct effect (c’) becomes non-significant after
accounting for PONV.

of nausea and vomiting involve intricate interactions be-
tween the central nervous system, the ANS, and the en-
teric nervous system [1,33]. This complexity highlights the
need for reliable indicators applicable to different popula-
tions in order to minimize adverse effects and economic
burden while using antiemetics effectively. The PLR is
regulated by the ANS, reflecting the balance between the
sympathetic and parasympathetic nervous systems. Based
on this understanding, our study aimed to explore poten-
tial neurally mediated pathways connecting the PLR and
PONV. Evidence suggests that there is a common neural ba-
sis of pupil function with nausea and vomiting, and thus we
sought to identify parameters of pupil function that could
predict PONV [1,15,16]. Specifically, we aimed to investi-

gate whether parameters such as maximal constriction ve-
locity could serve as predictors of PONV, which capitalized
on insights from previous studies that emphasized the sensi-
tivity of pass pupilMCVand relative constriction amplitude
in the assessment of parasympathetic dysfunction. By ex-
amining the relationship between pupillary function param-
eters and PONV, our study aims to facilitate the develop-
ment of non-invasive predictive tools for PONV. Such tools
could facilitate personalized risk assessment and targeted
intervention strategies, ultimately improving patient prog-
nosis and resource utilization in perioperative care. PONV
remains a significant problem in modern anesthesia prac-
tice because it poses risks that affect the quality of postop-
erative recovery, such as increased rates of wound dehis-
cence, dehydration, pulmonary aspiration, and unplanned
hospitalization. Therefore, preventive measures have been
taken to minimize the occurrence of PONV according to
the risk level. However, in patients who are at low risk for
PONV, preventive measures are not recommended unless
their medical history indicates a risk of vomiting [25]. This
further emphasizes the importance of identifying ways to
predict PONV and implementing individualized preventive
measures.

In this study, we explored the potential clinical application
of PLR parameters to predict PONV. Although the relation-
ship between PLR and PONV has been extensively studied
in the previous literature, there is still a notable gap in re-
search on whether PLR parameters can be used as an in-
dicator of nausea and vomiting and to predict their occur-
rence. A significant association was found between MCV
and PONV, a result that may be closely related to the func-
tional state of the ANS, which plays a key role in the regula-
tion of both the PONV and the PLR. The onset of PONV is
usually associatedwith an imbalance of theANS, especially
sympathetic and parasympathetic activity. dysregulation of
the ANS. Studies have shown that the occurrence of nausea
and vomiting is associated with the inhibition of parasym-
pathetic activity and the enhancement of sympathetic activ-
ity [1,14,15]. Enhanced parasympathetic activity is related
to gastrointestinal motility and emptying functions, while
increased sympathetic activity may lead to gastrointestinal
dysfunction, thereby increasing the risk of PONV. The PLR
is a sensitive indicator of the functional state of the ANS.
Pupil constriction is mainly innervated by parasympathetic
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nerves, whereas pupil dilation is regulated by sympathetic
nerves. MCV, as a key parameter of PLR, reflects the abil-
ity of the pupil to rapidly constrict in response to light stim-
ulation, and its changes may directly reflect the level of
parasympathetic nerve activity. In this study, the MCV of
patients with PONV was significantly reduced, suggesting
that their parasympathetic function may be inhibited or ab-
normally regulated. The diminished parasympathetic func-
tion may be associated with the occurrence of PONV, as de-
creased parasympathetic activity indicates weakened ability
to promote gastrointestinal motility and emptying, leading
to gastrointestinal dysfunction and thereby increasing the
risk of PONV. In addition, changes in MCVmay reflect ab-
normal regulation of the ANS by the central nervous system
(CNS). Studies have shown that the development of PONV
is associated with activation of the brainstem vomiting cen-
ter, which is also an important center for regulating the PLR
[1,15,34]. Therefore, the decrease in MCVmay not only be
a reflection of abnormal ANS function, but also a result of
dysregulation of ANS regulation by the CNS. This dual role
of the central and peripheral nervous systemmay further ex-
plain the association between MCV and PONV.
Although we controlled for known confounders (e.g., age,
sex, ASA classification, history of motion sickness, etc.),
individual patient differences (e.g., genetic factors, psycho-
logical status, preoperative anxiety level, etc.) may have an
impact on the occurrence of PONV, which were not mea-
sured in this study and may have biased the results some-
what. Although we included patients with ASA class I–III
and controlled for the duration of surgery and the use of
anesthetic drugs, subtle differences in the type of surgery
and anesthetic management (e.g., degree of surgical trauma,
depth of anesthesia, etc.) may influence the occurrence
of PONV. These factors were not documented in detail
in the study and may have had some influence on the re-
sults. The quality of postoperative care, the frequency and
dosage of analgesic medications, and the use of postoper-
ative antiemetic medications may influence the occurrence
of PONV. These factors were not documented in detail in
this study and may also have some confounding effect on
the results. We suggest that more potential confounding
factors, such as patients’ genetic background, psychologi-
cal status, and degree of surgical trauma, be further included
in future studies to more comprehensively assess the pre-
dictors of PONV, and that, to reduce the possible bias due
to the single-center nature of research design, multicenter
studies could be considered in future studies to increase the
diversity of samples and the generalizability of results.
Our study found that MCV is a reliable predictor of PONV.
Initially, 178 patients were enrolled, and unreliable data
such as patient’s own factors and data collection factors
were excluded according to the exclusion criteria, and the
study finally included 154 cases, of which 46 (29.9%) de-
veloped PONV. In the between-group analysis of variance,
we found a correlation between PONV and analgesic pump

use, which is consistent with previous findings that opi-
oid analgesic pumps increase the likelihood of nausea and
vomiting [8,31]. However, after adjusting for other fac-
tors in Model 2, the significance of analgesic pump use
was reduced, possibly because concomitant antiemetic use
masked this effect. Previously, it has been well established
that age has an independent effect on pupillary data [35].
Therefore, in Model 1, the effectiveness of the correla-
tion between the pupillary constriction velocity parameter
and PONV was reduced by including age as an indepen-
dent variable. After adjusting for indicators that may influ-
ence nausea and vomiting inModel 2 [8,30,31], pupil MCV
remained statistically significant in predicting efficacy for
PONV (OR 0.13, 95% CI 0.06–0.29; p < 0.001). The re-
sults are also of great significance in clinical applications.

In this study, the OR of MCV was 0.13 (95% CI: 0.06–
0.29), indicating that for every 1 mm/s increase in MCV,
the risk of PONV in patients decreased by 87%. This high
OR suggests that preoperative measurement of MCV may
help anesthesiologists identify patients at increased risk for
PONV with high accuracy, and then take preventive mea-
sures (such as administering antiemetic drugs or adjusting
the anesthesia regimen) to reduce the incidence of PONV
and improve the quality of postoperative recovery. In ad-
dition, the study also found that women were more likely
than men to experience PONV, which corroborated previ-
ous findings. Mediating effect analysis showed that PONV
played a significant mediating role betweenMCV and post-
operative recovery quality (mediating effect value: 0.481,
95% CI: 0.341–0.590). This result supports the hypoth-
esis that MCV influences the quality of postoperative re-
covery by influencing the occurrence of PONV. However,
this finding needs to be interpreted with caution. Despite
having controlled for known confounders, we believe that
unmeasured confounders, such as genetic background and
preoperative anxiety, hold high potential in influencing the
results. In addition, MCV may influence the quality of
postoperative recovery through other unmeasured pathways
(e.g., ANS function). Therefore, future studies need to fur-
ther validate this mediating effect and explore other po-
tential mechanisms. The ROC curves for MCV with an
AUC value of 0.831 (95% CI: 0.760–0.902) suggest that
MCV has a good predictive capability in predicting PONV.
Specifically, the optimal diagnostic threshold for MCVwas
0.367mm/s, with a sensitivity of 82.4%, and a specificity of
76.1%. This means that MCV correctly identified 82.4% of
patients who actually presented with PONV. This suggests
that maximal systolic velocity is highly accurate in identi-
fying high-risk patients and can help clinicians identify pa-
tients whomay experience nausea and vomiting even before
surgery. In addition, MCV correctly excluded 76.1% of pa-
tients who would not have experienced nausea and vomit-
ing, suggesting that MCV can excellently exclude low-risk
patients for the purpose of minimizing unnecessary prophy-
lactic treatments. By measuring MCV preoperatively, clin-
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icians can more accurately identify patients at high risk for
nausea and vomiting and develop individualized preven-
tion strategies. The high sensitivity and specificity of max-
imal constriction can help optimize the use of healthcare
resources by avoiding unnecessary prophylactic treatments
in low-risk patients, thereby reducing medication side ef-
fects and healthcare costs. Early recognition and prevention
of nausea and vomiting can reduce postoperative complica-
tions, improve the quality of patient recovery, shorten the
length of hospital stay, and increase patients’ satisfaction,
all of which have important practical clinical implications.
Although the AUC value for gender was relatively low, it
still showed some predictive value in multiple regression
analysis (OR 0.35, 95% CI 0.14–0.91; p = 0.030), suggest-
ing that gender can be used as a co-predictor that, when
combined with other predictors (e.g., MCV), improves the
overall accuracy of the PONV predictionmodel. Therefore,
female patients may require more attention and preventive
measures in clinical practice, especially in the absence of
other strong predictors. Female patients are more likely
to experience PONV than male patients, which is consis-
tent with previous findings [3,36,37]. Potential reasons for
this include women’s greater sensitivity to opioids, greater
pharmacodynamic response tomorphine, and gender differ-
ences in pharmacokinetics (e.g., drug metabolism and dis-
tribution) and the CNS [37]. Premenopausal women are
more likely to experience nausea and vomiting, suggesting
that sex hormones (e.g., estrogen and progesterone) may
also influence the efficacy and side effects of opioids. Nau-
sea and vomiting are associated with activation of 5-HT3
receptors, to which women may be more sensitive. Women
may also be more susceptible to opioid-induced inhibition
of gastrointestinal motility, which can lead to nausea and
vomiting.

The diagnostic value of MCV demonstrated by the study
has advantages over existing risk prediction tools for
PONV, such as the Apfel score, a widely used clinical
PONV prediction tool that is based on four key variables:
female gender, history of motion sickness or PONV, non-
smoking status, and postoperative opioid use. The team’s
findings suggest that the Apfel score is an excellent diag-
nostic tool to predict the risk of PONV inwomen [9,12]. Al-
though the Apfel score is widely used in clinical practice, its
AUC values typically range from 0.70 to 0.75 and have rel-
atively low sensitivity and specificity (approximately 70%)
[9,12]. In contrast, the AUC value for pupil MCV was
higher, suggesting that it has greater predictive power in
identifying high-risk patients. In addition, the Apfel score
is largely dependent on the patient’s clinical characteris-
tics and medical history, whereas MCV is a noninvasive
predictive parameter based on objective pupillometric data.
This physiologically based predictive tool provides clini-
cians with a more accurate individualized risk assessment,
especially if the patient’s medical history is unclear or dif-
ficult to obtain. Combining MCV with traditional predic-

tion tools such as the Apfel score may further improve the
overall accuracy of PONV prediction models. Future stud-
ies could explore the possibility of combining MCV with
Apfel score. For example, MCV could be used as a com-
plementary metric to the Apfel score to further identify
high-risk patients. Such a multifactorial predictive model
could provide greater predictive accuracy in clinical prac-
tice, thereby optimizing the use of antiemetic medications,
reducing unnecessary prophylactic treatments, and improv-
ing the quality of a patient’s postoperative recovery. First,
the cost of pupillometers may be a major limiting factor.
Currently, high-quality portable infrared pupillometers are
relatively expensive, which may limit their widespread use
in resource-limited healthcare settings. Second, the oper-
ation of pupillometers requires specialized training to en-
sure data accuracy and consistency. This may require addi-
tional training resources and time investment. In addition,
the variability of pupillometry data may be affected by fac-
tors such as equipment accuracy and inter-individual differ-
ences.
Despite the strengths of our study, there are some limita-
tions. First, the relatively small sample size (n = 154) and
the single-center research design may limit the generaliz-
ability and extrapolation of the results obtained. Although
this study provides preliminary evidence for MCV as a pre-
dictive tool for PONV, its findings are primarily applica-
ble to ASA class I–III patients undergoing thoracoscopic
lobectomy. The generalizability of the results is constrained
by the type of surgery, patient population, and anesthe-
sia modality. Future research should expand the sample
size to include a wider range of surgical types and patient
populations to validate the broader applicability of MCV.
Second, the variability in pupillometry data may be influ-
enced by the measurement environment, device accuracy,
and inter-individual differences. Althoughwe implemented
standardized measurement procedures, there may still be
some measurement errors. Furthermore, this study did not
account for other potential confounding factors, such as the
patients’ genetic background, preoperative anxiety levels,
and the extent of surgical trauma, whichmay have some im-
pact on the occurrence of PONV. Future research should be
conducted in larger, multicenter settings to further validate
the predictive efficacy of MCV and explore its combined
application with other predictive tools, such as the Apfel
score. Despite these limitations, MCV, as a physiologically
based predictive tool, demonstrates potential advantages in
predicting PONV. When combined with traditional predic-
tive tools, MCV may provide clinicians with more accu-
rate individualized risk assessments, thereby optimizing the
use of antiemetic medications, reducing unnecessary pre-
ventive treatments, and improving patients’ postoperative
recovery quality. Future studies should further explore the
clinical application value of MCV and validate its role in
multifactorial prediction models.
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Conclusions
This study provides preliminary evidence that MCV and
gender are reliable predictive indicators for PONV in
ASA class I–III patients undergoing elective thoracoscopic
surgery, with the predictive efficacy ofMCV being superior
to that of gender. The high AUC value of MCV (0.831)
and its relatively high sensitivity and specificity (82.4%
and 76.1%, respectively) demonstrate its significant advan-
tage in identifying high-risk PONV patients. Additionally,
given that PONV fully mediates the relationship between
MCV and patients’ postoperative recovery quality, preop-
erative measurement of MCV can be leveraged to predict
PONV occurrence, thereby improving patients’ postopera-
tive recovery outcomes.
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