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Abstract

BACKGROUND

During anesthesia administration for cataract surgery, low pH of proparacaine
may induce pain or complications such as corneal damage and poor wound healing,
with the use of additional drops intraoperatively increasing the risk of complications.
Accordingly, there is a clinical need for adjuncts to local anesthesia needs to improve
the efficiency of anesthesia and reduce the required amount of intraoperative

proparacaine.

AIM
To identify a method of anesthesia for geriatric cataract phacoemulsification that

provides more efficient analgesia and improves clinical efficacy.

METHODS

A total of 130 geriatric patients with cataracts who attended Hebei Eye Hospital from
December 2020 to December 2022 were included in the present study. Patients were
divided into the proparacaine surface anesthesia (SA) group (65 cases) and the

compound acupuncture-medicine anesthesia group (CAMA group, 65 cases). Patients




in the CAMA group were provided acupuncture analgesia in addition to SA.
Preoperative anxiety [Self-Rating Anxiety Scale (SAS)score and state anxiety
inventory (SAI) score], intraoperative stress, vital signs, analgesia, and cooperation, as

well as postoperative adverse events, were compared between groups.

RESULTS

More marked reductions in anxiety were observed among patients in the CAMA group,
with corresponding reductions in SAS and SAI scores. During the operation, no change
in the secretion of E, NE, or Cor group compared to the preoperative period was
observed in the CAMA, which was markedly lower than that in the SA group. Heart
rate, blood pressure, and respiratory rate were more stable intraoperatively in the
CAMA group. In addition, the incidence of intraoperative pain and the number of
additional doses of anesthesia required in the CAMA group were markedly lower than
in the SA group. Accordingly, patients in the CAMA group were able to avoid eye
movements and eyelid closing leading to greater cooperation with surgeons during
surgery. Furthermore, marked reductions in intraoperative adverse effects were

observed in the CAMA group, indicating greater overall safety.

CONCLUSION
Proparacaine SA combined with acupuncture as an analgesic provides improved
analgesia with greater safety compared to surface anesthesia with proparacaine during

geriatric cataract phacoemulsification.

INTRODUCTION

As a common ophthalmological disease, cataracts are characterized by lens clouding
resulting in blurred vision and reduced visual acuity, which becomes more severe with
age [11. Due to aging populations globally, the number of patients with cataracts, which
negatively affects the quality of life of elderly individuals, continues to increase.

Accordingly, there is a need for effective treatments in the clinical management of




cataracts. With the continuous development of medical technologies,
phacoemulsification has become widely used in the treatment of cataracts due to
advantages of the requirement for smaller incisions, speedier recovery, and less pain 21,
As phacoemulsification is increasingly used in clinical practice, increasing attention is
being paid to the effectiveness and safety of anesthesia during surgery. As patients are
typically conscious during cataract surgery, effective anesthesia is an essential
component of successful cataract surgery Bl. Effective anesthesia can reduce pain and
improve intraoperative cooperation, which is essential for improving surgical outcomes
and promoting postoperative recovery [4l. Therefore, there is an urgent clinical need for
the identification of effective anesthetic methods for cataract surgery involving
phacoemulsification.

Retrobulbar anesthesia was previously the preferred method of anesthesia during
cataract surgery due to itsgood analgesic effect associated with improved
intraoperative cooperation 5. However, retrobulbar anesthesia is an invasive procedure
that is prone to complications such as ocular perforation and retrobulbar hemorrhage in
addition to intraoperative transient nebulism and central depression [6, 7]. Accordingly,
retrobulbar anesthesia has been gradually replaced by SA, which is considered a simple
and safe method of anesthesia for cataract surgery. Proparacaine is a commonly used
surface anesthetic with rapid onset and sustained anesthesia, which can stabilize nerve
cell membranes by reducing the instantaneous permeability of neurons to sodium,
thereby achieving rapid anesthesia by preventing the generation and conduction of
nerve impulses [8l. Joshiet al. [PIshowed that proparacaine can rapidly produce
anesthesia within 20 s and effectively maintain anesthesia for 45 min. However, as the
pH value of proparacaine is approximately 5, the initial drop of proparacaine applied to
the ocular surface typically induces pain and anxiety (9. In addition, the use of
additional drops of intraoperatively can result in corneal damage leading to
complications such as decreased visual acuity or poor wound healing which may

adversely affect surgical outcomes [111.




Recently, as an example of traditional Chinese medicine, acupuncture analgesia has
been increasingly used in clinical settings. Acupuncture can regulate the nervous
system and promote the release of neurotransmitters by stimulating corresponding
body points, thereby preventing the patient from feeling physical pain. Gioia et al.
[12] posited that acupuncture on Neiguan and Hegu prior to induction of anesthesia can
provide effective sedation, thereby reducing patient anxiety and promoting cooperation
during surgical treatments. Acupuncture can also contribute to the optimization of the
physical condition of patients. Acupuncture stabilizes the blood pressure by inhibiting
sympathetic excitation and stimulating parasympathetic nerves [13l which can increase
the stability of intraoperative vital signs in elderly patients who are more likely to have
hypertension, thereby reducing the incidence of postoperative complications.
Accordingly, the use of acupuncture during surgery for s cataracts in elderly patients
may represent an effective adjunct to anesthesia without inducing pain. However, few
studies have examined the analgesic effects of acupuncture combined with SA with
proparacaine. The present study therefore aimed to evaluate the use of CAMA in
improving the anesthetic effect of proparacaine, stabilizing intraoperative vital signs,
and reducing postoperative complications in elderly patients undergoing cataract

phacoemulsification.

MATERIALS AND METHODS

General information

Elderly patients with cataracts who attended Hebei Eye Hospital from December 2020
to December 2022 were included as study subjects. Study inclusion criteria were as
follows: visual acuity and ophthalmological condition meeting the relevant diagnostic
criteria for cataracts; age 60-80 years; treated with phacoemulsification and lens
implantation; no previous history of eye surgery; and no relevant ophthalmological
interventions in the preceding 3 mo. Study exclusion criteria were as follows: ocular
infectious diseases such as conjunctivitis and iritis; mental disorders such as anxiety and

depression; ocular motility disorders; and allergy to any of the drugs used in the study.




A total of 130 patients (130 eyes) were enrolled and divided into a surface anesthesia
group (SA group, 65 eyes) and a compound acupuncture-medicine anesthesia
group (CAMA group, 65 eyes). The SA group received SA with proparacaine and the
CAMA group received SA with proparacaine combined with acupuncture analgesia at
the time of SA. Patient demographics and clinical backgrounds of both groups are
shown in Table 1, with no statistically significant difference in any factor observed

between the two groups (P > 0.05).

Methods of anesthesia
Preoperatively, the SA group were administered 0.5% proparacaine drops into the
conjunctival sac as SA, with 1-2 drops administered every 5 min for a total of three
administrations of SA.

The CAMA group were administered SA in addition to acupuncture on both sides
of the Hegu and Taichong acupoints. Acupuncture needles were rapidly advanced 0.8
inch and then twisted to obtain Qi and left in place. Needles were twisted every 5 min

until the end of surgery (Figure 1).

Surgical approach

All procedures were performed by the same surgeon using the following surgical
approach. After opening the eyelid, a 3-mm incision was made at the 10 o’clock position
of the cornea and an auxiliary incision of approximately 1 mm in length was made in
the 3 o’clock direction. Subsequently, a continuous circumferential capsular tear was
created, and the nucleus was cut and emulsified using a high negative pressure and low
energy phacoemulsification technique. After aspiration, the IOL was injected and
adjusted to the proper position. After surgery, the incision was closed using a 10-0

suture.

Objective measures

Evaluation of patient sedation




The Self-Rating Anxiety Scale (SAS) scale and the state anxiety inventory (SAI) were
used to assess patient tendency toward anxiety and an emotional state in hazardous
emergencies, respectively. Both scales contain 20 questions, with each question
evaluated using a four-point scale (1-4 points). Higher scores indicate more severe

anxiety or preoperative fear in SAS and SAI respectively.

Evaluation of patient stress
Preoperative and intraoperative venesection was performed to measure serum levels of
epinephrine (E), norepinephrine (NE), and cortisol (Cor) using a fully automated

biochemical analyzer as markers of sympathetic excitation.

Vital sign measurements
Heart rate (HR), mean arterial pressure (MAP), and respiratory rate (RR) were
monitored before, during, and after surgery to assess clinical condition and responses to

anesthesia.

Pain assessment

The VAS scale was used to allow patients to self-assess intraoperative pain on an 11-
point scale (0-11), with higher scores indicating greater pain levels. Anesthetic effect
was divided into three levels according to reported VAS scores as follows: grade I , 0
points, no intraoperative pain, good surgical cooperation; grade II, 1-4 points, minimal
or moderate intraoperative pain, patient able to tolerate surgery after one or two
additional administrations of anesthesia; grade II] > 5 points, severe intraoperative pain,
patient unable to cooperate despite two or three additional administrations of
anesthesia and barely able to complete the operation. The occurrence of pain and the
number of additional administrations of anesthesia required during surgery were

recorded.

Adverse reactions




Intraoperative adverse reactions, including asthma, cardiopalmus, dizziness, periocular
congestion, and sudden increases in blood pressure (BP), were recorded to evaluate the

safety of the methods of anesthesia used.

Evaluation of anesthesia

The operating surgeon assessed intraoperative eye movements and eyelid compression
using a 3-point scale (0, none; 1, slight; 2, significant). The degree of intraoperative
patient cooperation was classified as lacking cooperation (4 points), basic cooperation

(2-3 points), and full cooperation (0-1 points).

Statistical analyses

All data were analyzed using GraphPEl Prism 7. Categorical variables were expressed
as n (%) and compared using the x2test. Continuous variables that conformed to a
normal distribution were presented as the ean + standard deviation (SD) and
compared between the two groups using the two-tailed student’s t-test. P-values less

than 0.05 were considered statistically significant.

RESULTS

CAMA provides adequate patient sedation

Preoperative anxiety adversely affects the technical difficulty and risk of complications
of anesthesia. The results of the present study demonstrate that intraoperative anxiety
was markedly reduced following the use of CAMA, with corresponding decreases in
SAI and SAS scores compared to the use of SA alone (Figure 2). These results indicate

that CAMA can effectively relieve preoperative anxiety and provide adequate sedation.

CAMA markedly reduces intraoperative stress
As an invasive operation, cataract surgery may cause adverse stress stimuli and
interfere with the surgical process if pain is not well controlled. Intraoperative serum

levels of E, NE, and Cor were markedly higher in both groups compared to




preoperative levels, particularly in the SA group (Figure 3). These results indicate that
CAMA provide a greater analgesic effect, prevents stressful stimulation, and suppresses

sympathetic excitation during cataract surgery.

CAMA effectively maintains stable intraoperative vital signs

Stable intraoperative vital signs are conducive to successful surgery and improved
clinical efficacy. The results of the present study demonstrate that HR, MAP, and RR
were markedly increased intraoperatively in the SA group. In particular, MAP did not
return to preoperative levels after the operation. However, intraoperative vital signs
remained stable in the CAMA group without significant fluctuations (Figure 4). These
results indicate the greater analgesic effect of CAMA and effectively maintains the

stable intraoperative vital signs.

CAMA provides greater analgesic efficacy

The degree of intraoperative pain in patients is an essential marker of anesthetic
efficacy. In the CAMA group, a markedly higher proportion of patients in the CAMA
group reported an anesthesia efficacy of grade I compared to patients in the SA group
(93.85% vs. 81.54%). In addition, the proportion of patients in the SA group that judged
the anesthetic efficacy as grade 2 was markedly higher than in the CAMA group
(16.92% vs. 6.15%), with one patient in the SA group reporting an anesthetic efficacy of
grade 3 (Figure 5A). Furthermore, the incidence of intraoperative pain was markedly
greater in the SA group than in the CA group (18.46% vs. 6.15%), and the number of
additional administrations of anesthesia was higher in the SA group than in the CAMA
group (Figure 5B). These findings indicate that CAMA provides a greater anesthetic

effect and reduces the incidence of intraoperative pain.

CAMA reduces the incidence of intraoperative adverse effects
The incidence of asthma and cardiopalmus was markedly higher in the SA group
compared to the CAMA group (9.23% vs. 1.54% and 7.69% vs. 1.54%, respectively). In




addition, there was no statistical difference in the incidence of dizziness, periocular
congestion, or sudden increases in BP between the two groups (Figure 6). These
findings indicate that CAMA reduces the incidence of postoperative complications,

thereby improving patient satisfaction with treatment.

CAMA improves patient cooperation during surgery

The results of a questionnaire provided to surgeons found that the incidence of
intraoperative eye movements and eyelid exhaustion was markedly higher in the SA
group than that in the CAMA group. These behaviors increase the technical difficulty of
surgery and affect the surgical process (Figure 7A,B). Regarding the degree of patient
cooperation during surgery, total cooperation was higher in the CAMA group than in
the SA group (Figure 7C). These findings suggest that CAMA facilitates greater patient

cooperation and reduces technical difficulty during cataract surgery.

DISCUSSION
To provide greater sedation and analgesia allowing for the successful completion of
ultrasound emulsion surgery in elderly patients with cataracts, we innovatively
combined acupuncture analgesia with the use of proparacaine as SA. The results of the
present study were as we expected, with CAMA shown to effectively alleviate
preoperative anxiety, reduce the occurrence of intraoperative stress, and provide
greater analgesic efficacy. CAMA also had efficacy in maintaining the stability of
intraoperative vital signs, improving intraoperative patient cooperation, and reducing
postoperative adverse effects. Accordingly, CAMA appears to have considerable
potential as an adjunct to anesthesia during phacoemulsification for cataracts in elderly
patients.

As patients remain conscious during cataract surgery, preoperative anxiety can
increase sensitivity to pain and affect the surgical procedure. Further, excessive anxiety
may affect intraoperative patient cooperation and increase the technical difficulty of the

procedure. Therefore, effective management of patient anxiety is essential. The results




of the present study demonstrate that patients in the CAMA group had markedly lower
SAS and SAI scores. This finding is likely attributable to the effects of acupuncture in
stimulating Hegu and Neiguan points, thereby suppressing sympathetic excitation and
reducing anxiety 4. Accordingly, anesthesia supplemented with acupuncture may
provide greater alleviation of patient anxiety.

We further evaluated the analgesic effect of CAMA in terms of patient stress,
changes in vital signs, and pain levels during surgery. Serum levels of E, NE, and Cor
did not fluctuate significantly in the CAMA group. In contrast, patients experienced
significant fluctuations in serum levels of E, NE, and Cor in the SA group, particularly
NE. This finding may be due to inhibition of the the sympathetic-adrenergic axis and
hypothalamic-pituitary-adrenocortical axis by acupuncture on Hegu and Neiguan,
which can reduce the release of E, NE, and Cor, thereby providing a sedative and
analgesic effect [1>16]. These neurotransmitters are also known to increase BP, HR, and
blood glucose in wvivo in response to stressful stimuli [718]. Accordingly, large
fluctuations in intraoperative vital signs were observed in the SA group, which may
have negatively affected surgical outcomes and the risk of complications.

Traditional Chinese medicine posits that the production of pain in vivo is related to
deficiency and stagnation of meridians, with acupuncture able to resolve blood stasis,
strengthen the liver and kidney, and promote blood flow by stimulating the
corresponding acupuncture points in vivo, thereby relieving pain [1920. According to
classic books, the Hegu and Taichong points are both commonly used in traditional
Chinese medicine as analgesic points, which have a more desirable effect in clearing
and soothing the meridians, thereby relieving pain in the joints and the five senses
121, Acupuncture reportedly promotes the secretion of endogenous opioid peptides and
activates the endogenous nociceptive modulation system in vivo, thereby reducing the
sensitivity of the central system to pain and providing an analgesic effect [222%]. Recent
studies have demonstrated that the secretion of endorphin, encephalin, and dynorphin
can be increased depending on the frequency of needle stimulation to reduce the

perception of pain 2%l In addition, recent studies have shown that acupuncture




promotes the release of adenosine, a natural analgesic substance, in vivo, [%l. In rat
models, previous studies have reported that concentrations of adenosine in local tissues
increase by 24-fold following acupuncture at points near the knee joint, and this
increase in adenosine concentration was effectively maintained for more than one hour.
Further, rats treated with acupuncture analgesia had a significant increase in heat-
sensitive pain thresholds and heat tolerance, with an almost threefold increase in tactile
heat retraction times [27]. Accordingly, the incidence of intraoperative pain of patients in
the CAMA group was markedly reduced and the number of additional administrations
of analgesia was also greatly reduced, which improved patients” surgical experience
and facilitated successful surgery.

Finally, our comparison of postoperative adverse reactions in both groups revealed
that patients in the SA group were more prone to intraoperative complications,
particularly asthma and cardiopalmus. These adverse events were likely related to poor
intraoperative analgesia and patient anxiety, which led to increased susceptibility to
fluctuations in HR, MAP, and RR. However, no serious adverse events, such as syncope
or cardiac arrest, were observed in either group. In addition, due to the greater sedation
and analgesia effect of CAMA, patients were less likely to exhibit intraoperative
behaviors such as eye movements and eyelid closing, and were able to have greater
cooperation with the surgeon.

The present study also has certain shortcomings. First, we did not explore the
mechanism underlying the analgesic effect of acupuncture to better facilitate its
application in surgical settings. In addition, the present study did not include a separate
acupuncture group to allow greater evaluation of the analgesic effect of acupuncture.
Third, the small sample size of the preset study may have resulted in the introduction of
bias in to the study analysis. Accordingly, further studies are required to facilitate the

application of CAMA in clinical settings.

CONCLUSION




In conclusion, CAMA has unique advantages in relieving preoperative anxiety,
reducing intraoperative stress, and maintaining stable vital signs, which have a critical
impact on improving surgical outcomes and reducing complications in elderly patients.
In addition, the greater analgesic effect of CAMA can reduce undesirable intraoperative
behaviors, such as eye movements and eyelid closing, as well as the requirement for
additional intraoperative analgesia, thereby increasing patient cooperation during
surgical procedures, improving surgical safety, and reducing adverse reactions. These
findings indicate CAMA has considerable potential as an adjunct to anesthesia during

cataract phacoemulsification in elderly patients.

ARTICLE HIGHLIGHTS

Research background

During cataract surgery anesthesia, the low pH of proparacaine can produce some
stinging and complications such as corneal damage and poor wound healing that may
arise from the use of additional drops intraoperative. Therefore, an alternative adjunct
to anesthesia needs to be sought to improve anesthesia and reduce the amount of

intraoperative proparacaine.

Research motivation

Search for a new anesthesia method for cataract surgery.

Research objectives
To investigate a more suitable anesthesia method for geriatric cataract

phacoemulsification to provide better analgesia and improve clinical efficacy.

Research methods
130 geriatric cataract patients who attended Hebei Eye Hospital from December 2020 to
December 2022 were included in the study and divided into the proparacaine surface

anesthesia group (SA group, 65 cases) and the compound acupuncture-medicine




anesthesia group (CAMA group, 65 cases), among which, patients in CAMA group
were given acupuncture analgesia on the basis of SA. The preoperative anxiety (SAS
score, SAI score), intraoperative stress, vital signs, analgesia, and cooperation, as

well as postoperative adverse events were compared between both groups.

Research results

The results showed that the anxiety of patients in CAMA group was more markedly
relieved, and their SAS and SAI scores decreased more dramatically. During the
operation, the secretion of E, NE, and Cor in CAMA group showed no marked change
compared to the preoperative period, which was markedly lower than that in SA group,
meanwhile, their heart rate, blood pressure, and respiratory rate were maintained more
stable without significant fluctuations. In addition, the incidence of intraoperative pain
and the number of additional anesthesia in CAMA group were markedly lower than
those in SA group, and they could effectively avoid eye movements and eyelid
squeezing movements to better cooperate with the surgeon in completing the surgery.
Furthermore, CAMA could markedly reduce intraoperative adverse effects and had

better safety.

Research conclusions
Proparacaine SA combined with acupuncture analgesia can provide better analgesia

with guaranteed safety.

Research perspectives

Traditional medical acupuncture anaesthesia for cataract surgery provides good
sedation and analgesia, which effectively enhances the anaesthetic effect of
proparacaine and reduces adverse effects, thus showing great potential in geriatric

cataract phacoemulsification.
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