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Purpose: This study compares monitored anesthesia care (MAC) with general anesthesia (GA) for vitreoretinal surgery, aiming to
assess safety, efficacy, and patient outcomes.

Patients and Methods: This was a prospective non-randomized clinical trial. This trial was conducted during vitreoretinal surgery.
Forty Patients were included in this study and divided into MAC and GA groups. The patients were divided in to two groups. In one
group, patients who were operated under general anesthesia and in the other group those who were operated with conscious sedation
were included. Anesthesia quality, surgical outcomes, anesthesia time, surgery time and recovery time were compared between two
groups using standardized criteria and statistical analysis.

Results: MAC provided comparable analgesia, immobilization, and hemodynamic stability to GA, with no reported complications.
All patients in both groups had successful surgery. Anesthesiologist favored MAC for its hemodynamic control, while surgeons
showed no preference. MAC exhibited shorter anesthesia time than GA with lower anesthetics. These findings support the use of MAC
in vitreoretinal surgery, especially for patients at risk of complications from GA.

Conclusion: Moderate sedation with MAC offers a safe and effective alternative to GA for vitreoretinal surgery, with similar
outcomes, reduced anesthesia time, and lower drug doses. Further research with larger cohorts is warranted to validate these results
and refine anesthesia protocols.
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Introduction

In modern ophthalmic surgery, various anesthesia options, including topical anesthesia (TA), sub tenons anesthesia (STs),
peribulbar anesthesia (PB), retrobulbar anesthesia (RB), and general anesthesia (GA), offer distinct advantages and
disadvantages. Surgeon, anesthetist, and patient factors dictate anesthesia selection, emphasizing the need for tailored
approaches to ensure optimal outcomes.' During eye surgeries under general anesthesia, challenges like visual axis
divergence and patient movements, though infrequent, pose risks to ocular health. Adjusting anesthesia and muscle
relaxation can manage these issues but may not entirely eliminate them.? Monitored anesthesia care (MAC) combines
local anesthesia with sedation and analgesia for diagnostic or therapeutic procedures, providing safe conscious sedation,
anxiety alleviation, and effective pain control.>* Vitrectomy, a common ophthalmic surgery, involves replacing the
vitreous body with solutions like balanced salt solution or silicon oil. Indications include retinal issues such as vitreous
hemorrhage, retinal detachment, or membrane peeling.”® Achieving optimal sedation levels in pars planar vitrectomy
(PPV) is crucial to mitigate risks, yet surgeons lack reliable tools to assess anesthesia quality, creating uncertainty about
potential complications.” Developing objective evaluation methods is essential to enhance anesthesia practices and ensure
patient safety. Research and development efforts are needed to advance eye anesthesia, improving surgical outcomes and
overall patient care in ophthalmology.® The aim of a prospective observational study is to compare sedation/MAC versus
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GA in patients undergoing pars plana vitrectomy, contributing to refining anesthesia protocols and optimizing surgical
outcomes.

Materials and Methods

This was a prospective non-randomized clinical trial that 40 patients who were candidate for 23 gauge-pars plana
vitrectomy (PPV) due to vitreoretinal disorders were included. Informed written consent was obtained from all
participants. In accordance with the Declaration of Helsinki, this study was approved by the Ethics Committee of
Shiraz University of Medical Sciences (IR.SUMS.MED.REC.1402.455). The patients were divided in to two groups. In
one group, patients who were operated under general anesthesia and in the other group those who were operated with
conscious sedation were included. Patients of two groups were matched together according to age, gender, diagnosis and
type of surgery. If the patients could not tolerate conscious-sedation it could be converted to general anesthesia.

Anesthesia and Surgery
We employ four anesthesia models: minimal anesthesia, moderate anesthesia or conscious sedation, deep anesthesia, and
general anesthesia.

In general anesthesia, four drugs are utilized: Midazolam at 0.03 mg/kg for anti-anxiety, Fentanyl at 1-2 ug/kg for
a short-acting narcotic, Propofol at 2 ug/kg for sedation and Atracurium at 0.6 mg/kg for muscle relaxation.

For conscious sedation or moderate anesthesia, a combination of 6 cc Propofol 1%, 2 cc Lidocaine 2%, and 2 cc
Fentanyl 50 ug/cc is administered using a 5-10 cc/hour pump syringe. Patient monitoring included heart monitoring,
blood pressure, and oxygen saturation. Remifentanil at 10 ug/cc serves as a rescue drug in the presence of pain or
1 minute before any painful procedure like trocar insertion or scleral depression.

In MAC method, tetracaine drop was utilized. In this method, the patients were conscious and can obey and answer our
questions. During surgery, we regularly asked patients about any pain and their comfort. Additionally, patients’ consciousness
was checked regularly. In addition, O2 saturation decrease more than 5 were reported by anesthetics and then we asked the patient
to breathe. If the patient did not respond and O2 saturation decrease continued, anesthesiologist would reduce medications,
although painful stimulation of patients by surgeon like scleral depression may be useful. Finally, we evaluated anesthesia
quality, surgical outcomes, anesthesia time, surgery time and recovery time and compared these parameters between two groups.

Measuring Quality of Immobilization
Parameters were graded depending on the type of anesthesia: central eye position, anesthesia, akinesia of the eye and or
body, soft tissue or orbital hemorrhage, and absence of vitreous bulge.

Postoperatively, quality of immobilization was investigated by interviewing surgeon using a standardized question-
naire. Spiteri et al published and evaluated such a questionnaire in 2015.% For the purpose of this study, the questionnaire
was slightly modified while leaving the core score system unchanged (Figure 1). Patients and persons who analyzed
information were blinded.

Inclusion Criteria
1. Patients who are cooperative for conscious sedation and candidate for vitreoretinal surgery

Exclusion Criteria
1. Patients who are uncooperative for conscious sedation
2. Difficult vitreoretinal surgeries
3. Patients who are at risk for vitreoretinal surgeries and general anesthesia
4. Patients who are addict

Statistical Analysis
Authors performed all statistical analyses using SPSS 25 (Chicago IL, USA). We compared the intervention group and
control group using #-test and chi-square test. P-values less than 0.05 were considered statistically significant.
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Patiert rumber Gender

Operaton:

Anesthetic type

Diagnoas

Eye postion | Alanesma | No soft tissue | Eye soft (no | Alanesa of | Hemodynamic

appropnate for | of eye o ortatal | witreous body stabulity

hemorrhage

No No Yes | No No No No Yes | No

General anesthesa

MAC

Comments

(Inc Complications)

Duration of surgery

Duration of anesthesa

Conversicn to GA Yes /'No

Does anesthesologist | Yes/ No
use the same type of
anesthesa if he'she was
to repeat this procedure

onthis patient”

Does surgeon use the | Yes /' No
same type of anesthesa
if he'she was to repeat
this procedure

On this patent?

Figure | Data collection questionnaire. Information gathered by the operating surgeon. Different parameters, including analgesia, eye position, akinesia of the eye and body,
and eye softness, were assessed and graded as either present (yes) or absent (no). In addition, documentation of complications, duration of anesthesia and surgery and
preference of anesthesiologist and surgeon was possible.

Results
Among the 20 participants receiving MAC anesthesia, 65% are male and 35% are female, demonstrating the gender
distribution in the study, mirroring similar proportions observed in the GA group. There was no significant difference
observed between the average ages of men and women participating in the study (P-value=0.599), with men averaging
61.69 years and women averaging 64.00 years (Table 1).

The statistical analysis conducted for the variables of Analgesia, Eye position, Akinesia of body, and Hemodynamic
stability revealed that the obtained p-values exceeded the critical value of 0.05. This suggests that there were no

significant differences observed between patients who underwent surgery with MAC and those who received GA in

Table | Gender-Based Age Distribution of Patients

Group Statistics

Gender | N | Mean | Std. Deviation | Std. Error Mean
Age Male 13 | 61.69 8.097 2.246
Female 7 64.00 11.091 4.192
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terms of pain experience, eye and body movements, and hemodynamic stability. Therefore, it can be inferred that the
outcomes of MAC anesthesia were comparable to those of GA.

Regarding the occurrences of soft tissue bleeding and vitreous protrusion, it is noteworthy that no adverse events were
reported among patients in the MAC group. Notably, 100% of patients in this group exhibited the absence of these
symptoms, mirroring the outcomes observed in patients receiving GA. This indicates a high level of consistency between
the two anesthesia approaches in terms of mitigating potential complications during ophthalmic surgery (Table 2).

The significance level for the comparison of anesthesia methods among anesthesiologists is notably lower than 0.05
(P-value=0.001). This indicates a profound disparity in preferences between the two methods. Specifically, in all 40
surgeries, the prevailing inclination among anesthesiologists leaned towards the MAC method. Conversely, the signifi-
cance level concerning surgeon preferences exceeds 0.05 (P-value=0.231), suggesting no substantial difference in
preference between the two anesthesia methods. Notably, all 20 patients underwent GA according to the surgeon’s
preference. Additionally, in the subset of 20 patients subjected to the MAC method, the surgeon opted for this approach
in 17 cases (85%) based on individual patient conditions and cooperation levels. These findings underscore a clear
preference for the MAC method among anesthesiologists, while surgeons demonstrate no distinct preference between the
two methods) (Table 3).

Anesthesia induction time emerged as a pivotal factor, with MAC patients experiencing a notably shorter mean
induction to surgery interval of 5.5 minutes compared to GA patients whose, induction time averaged at 17.5 minutes.
This significant discrepancy underscores the efficiency of MAC in swiftly preparing patients for surgery, a difference

Table 2 Analyzing Anesthesia Quality Distribution by Type

Outcomes Type of Anesthesia P-value*
MAC GA
Analgesia No | 3 (15.0) 0 0.072

Yes | 17 (85.0) | 20 (100.0)

Eye position No | 3 (15.0) 0 0.072

Yes | 17 (85.0) | 20 (100.0)

No soft tissue or orbital hemorrhage | No | 0 0 |

Yes | 20 (100.0) | 20 (100.0)

Eye soft (no vitreous bulge) No | 0 0 |

Yes | 20 (100.0) | 20 (100.0)

Akinesia of body No | 3(150) |0 0.072

Yes | 17 (85.0) | 20 (100.0)

Hemodynamic stability No | 2 (10.0) 0 0.147

Yes | 18 (90.0) | 20 (100.0)

Note: *P-value is calculated from Two-sample test of proportion using Stata software version | 1.

Table 3 Surgeon and Anesthesiologist Preference in GA and MAC Surgery

Preference | Anesthesiologist_ MAC | Surgeon_MAC | Anesthesiologist GA | Surgeon_GA
Not Prefer 3 (15.0%) 3 (15.0%) 20 (100.0%) -

Prefer 17 (85.0%) 17 (85.0%) 0 20 (100.0%)
Total 20 (100.0%) 20 (100.0%) 20 (100.0%) 20 (100.0%)
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confirmed by Mann—Whitney’s non-parametric test (P-value < 0.001). However, when examining surgery duration, no
statistically significant difference was observed between the MAC and GA groups, with means of 43.25 and 44.75 min-
utes, respectively (P-value = 0.678). This suggests that once the surgical procedure commenced, the choice of anesthesia
method did not substantially impact the duration of the operation.

Remarkably, post-surgery recovery time exhibited a substantial difference, with MAC patients spending an average of
6.75 minutes in recovery, significantly shorter than the 14.00 minutes for GA patients (P-value < 0.001). This disparity
underscores the efficiency of MAC in facilitating quicker recovery and potentially reducing postoperative complications.
When considering total procedural time, MAC again emerged as the more time-efficient option, with an average duration of
55.50 minutes compared to GA’s 76.25 minutes (P-value < 0.001). Effect size analysis using Cohen’s d further elucidated the
impact of anesthesia methods on procedural outcomes. The effect size for anesthesia induction to surgery time was notably high at
5.77, indicating a significant difference favoring MAC. Conversely, the effect size for surgery duration was small at 0.134,
suggesting no substantial difference between the two methods. However, recovery time (2.25) and total procedural time (1.74)
exhibited relatively high effect sizes, highlighting significant efficiency gains with MAC (Table 4).

These findings underscore the multifaceted impact of anesthesia methods on procedural timelines and patient
recovery, emphasizing the importance of tailored approaches in surgical care. The preoperative diagnosis distribution
varying from 5% to 35% of the total population (Table 5).

Additionally, among 40 patients, 22 had cataract requiring simultaneous cataract surgery. Furthermore, 18 patients were
pseudophakic.

Table 4 Comparison of Anesthetic Techniques: Anesthesia and Surgery Time Analysis

Variable Group | N | Mean | Std. Deviation | Std. Error Mean
Induction to Surgery MAC 20 | 5.50 1.433 0.320
GA 20 | 17.50 | 2.565 0.574
Surgery Time MAC 20 | 43.25 11.271 2.520
GA 20 | 4475 | 11.059 2473
End of Surgery to Recovery | MAC 20 | 6.75 2.447 0.547
GA 20 | 14.00 | 3.839 0.858
Total Time MAC 20 | 55.50 | 10.928 2.444
GA 20 | 76.25 | 12.863 2.876

Table 5 Diagnosis Distribution of Diseases

Pre Operation
Frequency Percent | Valid Percent
Control | Intervention
Valid | ERM [ | 5 5
RRD 3 3 15 15
MH 2 2 10 10
NCVH 7 7 35 35
Complicated cataract surgery | 3 3 15 15
TRD 4 4 20 20

Abbreviations: ERM, epiretinal membrane; RRD, Rhegmatogenous Retinal Detachment; MH, Macular Hole; NCVH,
Non-Clearing Vitreous Hemorrhage; TRD, Tractional Retinal Detachment.
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Discussion

We found that pars plana vitrectomy with moderate sedation can be successfully performed without conversion to GA in all
(100%) patients. It represented that pars plana vitrectomy with moderate sedation could be tolerated easily. Different studies
represented that conscious sedation can be safely applied for transcatheter aortic valve replacement.”'° Similarly in our study that
six parameters including pain, eye and body movements, soft tissue hemorrhage, vitreous bulge and hemodynamic stability were
considered, there was no statistically significant difference between two methods and the outcomes of MAC were not inferior to
outcomes of GA. Since dosage of systemic anesthetic medications in GA is more than MAC, systemic side effects in MAC are
probably less and hemodynamic controllability seems to be more in MAC. In our study, no ocular complication or surgery failure
was reported in both groups and all surgeries were successful in MAC and GA group, therefore MAC does not affect the safety of
patients and the success of the surgery. These results are consistent with a meta-analysis that compared conscious sedation with
GA in transcatheter aortic valve replacement.'’ Comparing the time of surgery between two groups demonstrated no statistically
significant difference, however the total duration of anesthesia was greater in GA than MAC. As a result, MAC saves more time
and reduces costs. Although in 3 patients; pain, eye and body movement were reported, but it was not significant and surgery was
continued. However, it may be due to non-prescribing Remifentanil in the first few patients as a rescue drug 1 minute before
painful procedures like trocar insertion or scleral depression. In many studies, conscious sedation was used together with local/
regional anesthesia,'? whereas in this study just topical anesthesia was used without other local/regional anesthesia, which are
more aggressive and probably has more complications. Morley et al study demonstrated that the trend of patients who experienced
both midazolam and propofol during vitreoretinal surgeries were in favor of propofol for intraoperative sedation.? Accordingly,
we used propofol instead of midazolam in our study. During surgery, patients’ consciousness should be evaluated by surgeon
along with anesthetists regularly to control the level of anesthesia and any change in level of consciousness should be reported to
anesthetist to reduce medication and vice versa, any significant O2 saturation decrease should be reported to surgeon by anesthetist
in order to ask the patient to breathe. Therefore, in conscious sedation method, cooperation between surgeon, anesthetist and
patient is critical. Overall, the anesthesiologist preferred MAC to GA due to more hemodynamic stability and controllability in
MAC method. It indicates that MAC seems to be hemodynamically more safe than GA. However, there was no statistically
significant difference in preference of surgeon between two groups. It indicates that MAC is not inferior to GA. limitations of this
study included small number of patients and non-randomized selection of patients. These findings suggest that MAC can be safely
applied for vitreoretinal surgeries with phacoemulsification and seems to be an appropriate substitution for GA especially for
patients who are at risk for GA. However, patient and surgeon preference, as well as anesthesiologist and surgeon experience, have
important roles in choosing the type of anesthesia. Nevertheless, further studies with larger sample sizes are required in the future
to more accurately evaluate the safety of this method.

Conclusion

In this study, MAC compared with GA resulted in similar outcomes and success rate, without any complication, less
anesthesia time, lower dose of anesthetics. These findings suggest that moderate sedation can be safely applied for
vitreoretinal surgeries.

Abbreviations
MAC, monitored anesthesia care; GA, general anesthesia; TA, topical anesthesia; STs, sub-Tenons anesthesia; PB,
peribulbar anesthesia; RB, retrobulbar anesthesia; GA, general anesthesia; PPV, pars planar vitrectomy.
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