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Abstract: The intraprocedural immobilization of selected subsets of patients undergoing pars plana
vitrectomy (PPV) requires the performance of general anesthesia (GA), which entails the intraoperative
use of hypnotics and titration of opioids. The Adequacy of Anesthesia (AoA) concept of GA guidance
optimizes the intraoperative dosage of hypnotics and opioids. Pre-emptive analgesia (PA) is added to GA
to minimize intraoperative opioid (IO) usage. The current additional analysis evaluated the advantages
of PA using either COX-3 inhibitors or regional techniques when added to AoA-guided GA on the rate of
presence of postoperative nausea and vomiting (PONV), oculo-emetic (OER), and oculo-cardiac reflex
(OCR) in patients undergoing PPV. A total of 176 patients undergoing PPV were randomly allocated into
5 groups: (1) Group GA, including patients who received general anesthesia alone; (2) Group T, including
patients who received preventive topical analgesia by triple instillation of 2% proparacaine 15 min before
induction of GA; (3) Group PBB, including patients who received PBB; (4) Group M, including patients
who received PA using a single dose of 1 g of metamizole; (5) Group P, including patients who received
PA using a single dose of 1 g of acetaminophen. The incidence rates of PONV, OCR, and OER were
studied as a secondary outcome. Despite the group allocation, intraoperative AoA-guided GA resulted
in an overall incidence of PONV in 9%, OCR in 12%, and OER in none of the patients. No statistically
significant differences were found between groups regarding the incidence of OCR. PA using COX-3
inhibitors, as compared to that of the T group, resulted in less overall PONV (p < 0.05). Conclusions: PA
using regional techniques in patients undergoing PPV proved to have no advantage when AoA-guided
GA was utilised. We recommend using intraoperative AoA-guided GA to reduce the presence of OCR,
and the addition of PA using COX-3 inhibitors to reduce the rate of PONV.

Keywords: pars plana vitrectomy (PPV); adequacy of anesthesia (AoA); postoperative nausea and
vomiting (PONV); oculo-emetic reflex (OER); oculo-cardiac reflex (OCR)
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1. Introduction

At present, although the performance of regional peribulbar blocks (PBB) in patients
undergoing pars plana vitrectomies (PPV) is gaining in gaining popularity [1–3], there are
still numerous subsets of patients with contraindications to PBB or who require GA for
immobilization who fail to co-operate with the operator [4].

The dosing of analgesia and hypnosis during GA, determined by observation of
hemodynamic parameters combined with clinical judgement of the anesthesiologist, faced
a decline since the Adequacy of Anesthesia concept (AoA) for GA guidance was introduced
into everyday practice in many centers [5].

The utility of response and state entropy (RE and SE) in ensuring the proper depth
of hypnosis, as volatile anesthetic agents tend to blunt the hemodynamic response to
nociceptive stimulation [6] and surgical pleth index (SPI) to determine the proper nocicep-
tion/antinociception balance [7,8], reduced the cumulative dose of intraoperative opioids
(IO) during GA [9], reduced the use of hypnotics, and shortened emergence and length
of stay times in the postanesthesia care unit (PACU) [10]. They also decreased the rate of
postoperative intolerable pain perception (PIPP) [11].

Additionally, various methods of preventive analgesia (PA) for PPV, such as regional
techniques [12–20], and intravenous techniques with preoperative infusion of COX-3 in-
hibitors (paracetamol, metamizole) [21,22], were shown to provide adequate postoperative
analgesia [17], with a fall in the rate of main adverse events [12,15,23] within the mechanism
of a reduction in demand for IO.

In our previous work, we evaluated the effect of AoA-guided intraoperative titration
of IO using fentanyl (FNT) on the dose of the cumulative IO, hemodynamic stability,
as efficacy of postoperative analgesia assessed by SPI and NRS values, and in patients
undergoing PPV under GA alone or in combination with different regional or intravenous
PA techniques [24]. The additional analysis of secondary outcomes aimed to analyze
the rate of postoperative nausea and vomiting (PONV), oculo-cardiac reflex (OCR), and
oculo-emetic reflex (OER) as perioperative adverse events.

2. Materials and Methods

This section builds upon our previous work. Vitrectomies were performed by the
same ophthalmic surgeon (AL-B). Details of the procedure were described in an earlier
work. Ethical approval for this study (KNW-1-183/N/9/K) was provided by the Ethi-
cal Committee of Medical University of Silesia on 29 September 2015 (Chairman: Prof.
Maria Trusz-Gluza, MD PhD). The project was registered in the Clinical Trial Registry
(SilesianMUKOAiIT2, NCT02973581).

Patients were randomly allocated into five groups: (1) Group GA, including patients
who received general anesthesia alone; (2) Group T, including patients who received pre-
ventive topical analgesia by triple instillation of 2% proparacaine (alcaine, propacaine hy-
drochloride ophthalmic solution USP 0.5%, 15 mL, Sandoz a Novartis Company, Warszawa,
Poland) 15 min before induction of GA; (3) Group PBB, including patients who received
PBB using a mixture of 3.5 mL each of 2% lignocaine (Lignocainum hydrochloricum WZF
2% solution, 20 mg/mL, 2 mL, Polfa Warszawa S.A, Warszawa, Poland), and 0.5% bupiva-
caine (Bupivacainum hydrochloricum WZF 0.5%, 5 mg/mL, 10 mL, Polfa Warszawa S.A,
Warsaw, Poland) with Hamilton’s technique, 1 min before induction of GA [25]; (4) Group
M, including patients who received PA using a single dose of 1 g of metamizole (Pyralgin
0.5 g/mL, 5 mL solution; Polpharma SA, Starogard Gdański, Poland) in 100 mL of saline
solution intravenously 30 min before arrival at operating room; (5) Group P, including
patients who received PA using a single dose of 1 g of acetaminophen (Paracetamol Kabi
10 mg/mL, solution 100 mL; Fresenius Kabi, Kutno, Poland) in 100 mL of saline solution
intravenously, 30 min before arrival at the operating room [24].

On the day of surgery, all patients were premedicated with midazolam (Dormicum
Midazolam 7.5 mg, Roche Polska Sp z o. o., Warszawa, Poland) 3.75–7.5 mg before
induction of anesthesia according to body weight and age [25]. Before the commencement
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of surgery, patients were preoxygenated for 5 min with 100% oxygen and intravenously
infused with 10 mL/kg body weight of Ringer’s lactate solution (500 mL solution, Fresenius
Kabi, Kutno, Poland). Anesthesia was induced intravenously with FNT 1 µg/kg body
weight (Fentanyl WZF, Fentanyl citrate, 50 microgram/mL, 2 mL solution, Polfa Warszawa
S.A, Warszawa, Poland) and etomidate (Etomidate Lipuro, 2 mg/mL, 10 mL, B. Braun
Pakistan (Pvt.) Limited, Karachi, Pakistan) 0.2–0.3 mg/kg body weight. After loss of
consciousness, rocuronium was administered at a standard intravenous dose of 0.6 mg/kg
(Esmeron, rocuronium bromide, 10 mg/mL, 5 mL, Fresenius Kabi, Kutno, Poland) for
neuromuscular blockade, followed by the placement of an LMA. The exhaled carbon
dioxide concentration (EtCO2) level was maintained at 35–37 mmHg after LMA placement
and before the commencement of surgery; the sevoflurane concentration was maintained
at a level of approximately 35–45 on state entropy (SE) [24].

Throughout anesthesia induction and surgery, standard monitoring was carried out,
paying close attention to vital parameters, including the noninvasive arterial pressure
(NIBP), HR, standard ECG lead II, pulse oximetry (SaO2), fraction of inspired oxygen in
the gas mixture, fraction of inspired sevoflurane (FiAA), fraction of expired sevoflurane,
EtCO2, and minimal alveolar concentration of sevoflurane. The depth of anesthesia was
monitored with entropy EEG (state and response). Intraoperative analgesia was guided by
SPI, and neuromuscular blockade was monitored (Carescape B650, Servsystem, Tyczyn,
Poland) [24].

In stage 1, on the admission of patients to the operating theatre, we placed the en-tropy
EEG (state and response) sensor on their forehead, a pulse oximeter (SPI) on their finger,
contralateral to venous access, an NIBP cuff on their right arm, and standard ECG leads
on their back, according to the manufacturer’s suggestions. The baseline values were
then recorded.

PBB was performed by the same ophthalmologist (MK), with over 6 years of expe-
rience with the procedure, including at least 400 PBBs a year. The sensory block was
confirmed based on abolition of the corneal reflex [24].

In stage 2, SPI values were noted from 5 min after LMA placement to the beginning of
sterilization of the orbit to calculate the mean SPI value and allow for the calibration of the
SPI sensor. The target state and response were around 45.

In stage 3, or the intraoperative stage, the SPI score was monitored online and recorded
at 1-min intervals. When an ∆SPI > 15 points above the mean SPI value of stage 2 was
reached, a rescue dose of 1 µg/kg of FNT was administered intravenously every 5 min
until the SPI value decreased to the mean SPI value in stage 2. The procedure time of VRS
was taken as the duration from speculum insertion to removal [24].

We assumed that the initial dose of FNT of 1 µg/kg would produce sufficient an-algesia
to insert of the speculum. In addition, Gruenewald et al. [7] proposed ∆SPI > 10 points or
an absolute SPI > 50 points as predictors of inadequate analgesia. In our study, we used
the protocol of ∆SPI > 15 points compared to the mean value in stage 2, lasting for at least
1 min, as an indication of rescue analgesia. We used this threshold to avoid the possible
hazardous overdosing of FNT resulting from potential miscalculations of the SPI value due
to its variations [24].

Vitrectomies were performed by the same ophthalmic surgeon (AL-B), with over
10 years of experience with VRS, including over 400 vitreoretinal procedures per year.
Eye globe preparation included 3- or 423-Gauge ports [23]. Initial core vitrectomy was
followed by peripheral vitreous removal with scleral indentation. The removal of epiretinal
membranes or/with internal limiting membrane peeling was the next surgical step. If
needed, four types of tamponades were applied: temporary heavy perfluorocarbon liquids,
air, SF6 or silicon oil. All retinal brakes or degenerations were treated with laser photocoag-
ulation. The incidence of intraoperative OCR was recorded, typically identified by a rapid
20% decrease in HR from the baseline during ocular manipulations. If OCR occurred, the
surgeon was asked to stop surgical stimulation; intravenous atropine 0.5 mg (Atropinum
sulfuricum WZF 1 mg/mL, 1ml solution, Polfa Warszawa S.A, Poland) was administered
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in cases of persisting bradycardia. If persisting hypotension occurred, a single dose of
crystalloid was infused intravenously in a dose of 5 mL per kilogram of body weight, and
a single dose of 5 mg of ephedrine (Ephedrinum hydrochloricum WZF 25 mg/mL, 1 mL
solution, Polfa Warszawa S.A, Poland) was used if crystalloid infusion failed to increase
the MAP > 65 mmHg [24].

We assumed that the initial dose of FNT of 1 µg/kg would produce sufficient analgesia
to insert of the speculum.

In the postoperative stage, patients were shifted to the postoperative care unit (PACU),
and patient monitoring was continued, with the SPI, HR, systolic arterial pressure (SAP),
mean arterial pressure (MAP), diastolic arterial pressure (DAP), and SaO2 measured by the
anesthesiology team blinded to group allocation. Along with postoperative hemodynamic
parameters, the presence of adverse effects, such as PONV and allergic reactions, was
monitored for each patient. These observations were made at the time of pain assessment
for the first 24 h post operation. Nausea was defined as subjective sensation of discom-
fort associated with awareness of the urge to vomit, whereas Vomiting was defined as
a forceful expulsion of gastric contents through the mouth, as in the report of Abouam-
moh MA et al. [26]. In cases of PONV, ondansetron 4 mg (Ondansetron Accord, Accord
Healthcare Limited, UK) [24] was administered intravenously as the therapy of choice,
or as an alternative, to meet the patients’ individual needs, according to contemporary
guidelines [27]. Optylite solution 5 mL/kg was infused in cases of MAP < 65 mmHg.
Oxygen was administered at a rate of 3 L/min through a nasal cannula. Patients were
asked to assess their perception of pain intensity on the numeric pain-rating scale (NRS)
ranging from 0 (no pain) to 10 (maximum pain) every 10 min. In the case of an NRS
score > 3, nonsteroid anti-inflammatory drugs at the standard dose were administered
according to contemporary guidelines for acute pain treatment, issued by the Polish Society
of Anesthesiologists [28]. SPI was monitored online, and mean SPI values were recorded
at 1-min intervals (trends in software provided by the manufacturer). The NRS and SPI
values were recorded for severe (NRS 7–10), moderate (NRS 4–6), and mild pain (NRS
0–3) perception intervals. Patients were observed and monitored in the recovery room
for at least 30 min before being transferred to the Department of Ophthalmology when
their Aldrette’s score was 10 points [24]. Monitoring and data recording were then ceased.
Patients were also evaluated for the risk of PONV using the APFEL score before the pro-
cedure to ensure the homogeneity of the groups. Apfel score is a widely recognized risk
score, with broad applicability in predicting the incidence of PONV in adults undergoing
inhalational anesthesia for various types of surgical procedure. Female gender, history
of motion sickness or PONV, nonsmoking status, and the use of postoperative opioids
were recognized as constituting risk. The incidences of PONV were estimated as follows:
10%, 21%, 39%, 61%, and 79% if none, one, two, three, or four of the abovementioned
independent risk factors were present, respectively [24,29,30].

Early PONV was defined as incidence of PONV observed in the PACU, whereas late
PONV was defined as the same incidence observed in the Department of Ophthalmology;
overall, PONV was thus defined as incidence of either early and/or late PONV.

Statistical Analysis

Statistical analysis was performed using the STATISTICA 12PL software (StatSoft Sp.
z o.o., Cracow, Poland) with a statistical significance threshold of p < 0.05. The Shapiro–
Wilk test was used to assess the normality of the distribution. When the assumptions
of the normal distribution were met, one-way ANOVA was used to compare more than
two variables, followed by Tukey’s posthoc test. On the other hand, when parametric tests
could not be used, the Kruskal–Wallis multiple comparison test (nonparametric equivalent
of ANOVA) was used, followed by Dunn’s posthoc test. The comparison of the variables
on a nominal scale was performed by chi-square analysis.
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3. Results

Out of the 176 patients allocated to receive AoA-guided GA, 175 patients were
analyzed—one patient was excluded due to intraoperative technical problems with SPI
monitoring. The anthropometric data of patients who underwent final analysis are shown
in the supplementary material (Table S1).

To ensure the homogeneity of the groups in view of the risk of incidence of PONV,
a proper stratification was performed using the Apfel score. No statistically significant
differences were noted between groups in terms of both Apfel score and Apfel%. A detailed
analysis of separate of different Apfel score dimensions, such as gender, motion sickness,
smoking status, and postoperative use of opioid drugs, was also performed. A statistically
significant difference was noted regarding history of motion sickness between the M and
PBB groups (p < 0.05; Table 1).

Table 1. Rate of PONV, OCR, and OER in patients regarding group allocation.

Intraoperative
Data

Total
n = 175 (100)

GA Group
n = 35 (20)

M Group
n = 35 (20)

P Group
n = 35 (20)

PBB Group
n = 35 (20)

T Group
n = 35 (20) p-Value

X ± S/M (Rk)

FNT requirement
(mg) (IO)

129.9 ± 108.2
100 (150)

144.3 ± 102.7
150 (150)

165.7 ± 116.8
200 (200)

95.7 ± 81.7
100 (50)

95.1 ± 101.3
50 (150)

148.6 ± 120.3
150 (200) p < 0.05 A

Intraoperative fluid
challenge

991.8 ± 303.6
1000 (350)

955.7 ± 376.1
1000 (450)

1014.3 ± 334.4
1000 (500)

926.7 ± 196.4
1000 (250)

1075.7 ± 281.6
1000 (250)

977.4 ± 282.3
1000 (350)

p = 0.16
NS

No/yes n (%)

Overall PONV 159 (91)/16 (9) 31 (89)/4 (11) 34 (97)/1 (3) 34 (97)/1 (3) 33 (94)/2 (6) 27 (77)/8 (23) p < 0.05 B

PONV in the PACU 161 (92)/14 (8) 31 (88.6)/4
(11.4)

34 (97.1)/1
(2.9)

34 (97.1)/1
(2.9)

34 (97.1)/1
(2.9) 28 (80)/7 (20) p < 0.05 C

Nausea in the
PACU 169 (97)/6 (3) 35 (100)/0 (0) 34 (97)/1 (3) 34 (97)/1 (3) 35 (100)/0 (0) 31 (89)/4 (11) p = 0.06 NS

Vomiting in the
PACU 167 (95)/8 (5) 31 (89)/4 (11) 35 (100)/0 (0) 35 (100)/0 (0) 34 (97)/1 (3) 32 (91)/3 (9) p = 0.07 NS

PONV in the DO 166 (95)/9 (5) 34 (97)/1 (3) 35 (100)/0 (0) 35 (100)/0 (0) 31 (89)/4 (11) 31 (89)/4 (11) p = 0.05
Nausea in the DO 172 (98)/3 (2) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 33 (94)/2 (6) 34 (97)/1 (3) p = 0.24 NS

Vomiting in the DO 169 (97)/6 (3) 34 (97)/1 (3) 35 (100)/0 (0) 35 (100)/0 (0) 33 (94)/2 (6) 32 (91)/3 (9) p = 0.12 NS
PONV in the

PACU and DO 172 (98)/3 (2) 34 (97)/1 (3) 35 (100)/0 (0) 35 (100)/0 (0) 34 (97)/1 (3) 34 (97)/1 (3) p = 0.73 NS

Nausea in the
PACU and DO 174 (99)/1 (1) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 34 (97)/1 (3) p = 0.52 NS

Vomiting in the
PACU and DO 173 (99)/2 (1) 34 (97)/1 (3) 35 (100)/0 (0) 35 (100)/0 (0) 34 (97)/1 (3) 35 (100)/0 (0) p = 0.45 NS

OCR 154 (88)/21
(12)

31 (88.6)/4
(11.4)

29 (82.9)/6
(17.1)

31 (88.6)/4
(11.4)

31 (88.6)/4
(11.4)

32 (91.4)/3
(8.6)

p = 0.87
NS

OER 175 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) 35 (100)/0 (0) -
APFEL score 1.5 ± 0.7

2 (1)
1.5 ± 0.7

1 (1)
1.5 ± 0.9

1 (1)
1.7 ± 0.5

2 (1)
1.4 ± 0.6

1 (1)
1.4 ± 0.6

1 (1) p = 0.3 NS

APFEL (%) 0.3 ± 0.1
0.4 (0.2)

0.3 ± 0.1
0.2 (0.2)

0.3 ± 0.1
0.2 (0.2)

0.3 ± 0.1
0.4 (0.2)

0.3 ± 0.1
0.2 (0.2)

0.3 ± 0.1
0.2 (0.2) p = 0.3

Gender
Female/male

97 (55.4)/
78 (44.6)

18 (51.4)/
17 (48.6)

15 (42.9)/
20 (57.1)

24 (68.6)/
11 (31.4)

21 (60)/
14 (40)

19 (54.3)/
16 (45.7) p = 0.26

Motion sickness
No/yes

161 (92)/
14 (8)

33 (94)/
2 (6)

28 (80)/
7 (20)

32 (91)/
3 (9)

35 (100)/
0 (0)

33 (94)/
2 (6) p < 0.05

Smoking
No/yes

152 (87)/
23 (13)

31 (89)/
4 (11)

30 (86)/
5 (14)

33 (94)/
2 (6)

29 (83)/
6 (17)

29 (83)/
6 (17) p = 0.54

Postoperative use
of opioid drugs

No/yes

175 (100)/
0 (0)

35 (100)/
0 (0)

35 (100)/
0 (0)

35 (100)/
0 (0)

35 (100)/
0 (0)

35 (100)/
0 (0) -

Results presented as mean ± SD and median (IQR) for quantitative variables and numbers (percentages) for nominal variables. p-values by
one-way ANOVA test for quantitative variables; p-values by posthoc tests: A significantly less in Group PBB than in Group M (p < 0.05);
p-values by X2 test for nominal variables; pairwise comparison of proportions; B significant differences in percentages between groups
M and P; C significant differences in percentages between groups PBB and T. Abbreviations: group GA—patients who received general
anesthesia; group M—patients who received PA using a single dose of 1 g of metamizole intravenously, 30 min before arrival at operating
room; group P—patients who received PA using a single dose of 1 g of acetaminophen intravenously, 30 min before arrival at the operating
room; group PBB—including patients who received PBB using a mixture of 3.5 mL each of 2% lignocaine and 0.5% bupivacaine with
Hamilton’s technique, 1 min before induction of GA; group T—patients who received preventive topical analgesia by triple instillation of 2%
proparacaine; FNT—fentanyl, IO—intraoperative opioids, PONV—postoperative nausea and vomiting; PACU—postanesthesia care unit,
DO—Department of Ophthalmology, OCR—oculocardiac reflex; OER—oculoemetic reflex, SD—standard deviation; IQR—interquartile
range; BMI—body mass index.
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To estimate the efficacy of the AoA guidance for GA administration, the demand for
IO using FNT, as well as fluid challenge, was studied. Significantly higher FNT values
were registered among patients from the M group, whereas, regarding fluid challenge,
no statistically significant differences were noted (see Table 1). Only 16 (9%) patients
declared overall PONV, 8 (23%) patients in the T group, 4 (11%) patients in the GA group,
2 (6%) patients in the PBB group, 1 (3%) patient in the M group and 1 (3%) in the P group;
significant differences in percentages between groups M, P, and T were noted. Therefore,
further analysis looked at the separate rate of incidence of PONV for early PONV (in
the PACU) and late PONV (in the DO). Significant differences were found in percentages
between groups M, P, PBB, and T regarding PONV in the PACU, whereas no differences
were found regarding PONV in the DO. Only 21 (12%) incidences of OCR were observed;
no significant differences were found between groups. No OER event was observed during
the study (please see the Table 1).

Further analysis intended to study the overall incidence rate of PONV and OCR, in
view of the probability of PONV incidence based on Apfel score analysis, despite the group
allocation. No statistically significant differences were found in this aspect (see Table 2).

Table 2. Apfel score in patients according to presence of PONV and OCR.

Scale n = 175 (100) Overall PONV
n = 16 (100)

No-PONV
n = 159 (100) p-Value OCR

n = 21 (100)
No-OCR

n = 154 (100) p-Value

APFEL score 1.8 ± 0.5
2 (0.5)

1.5 ± 0.7
1 (1) p = 0.07 NS 1.5 ± 0.5

2 (1)
1.5 ± 0.7

2 (1)
p = 0.93

NS

APFEL (%) 0.4 ± 0.1
0.4 (0.1)

0.3 ± 0.1
0.2 (0.2) p = 0.07 NS 0.3 ± 0.1

0.4 (0.2)
0.3 ± 0.1
0.4 (0.2)

p = 0.93
NS

Results presented as mean ± SD and median (IQR) for quantitative variables; p-values by the Mann–Whitney U test for quantitative
variables. Abbreviations: PONV—postoperative nausea and vomiting; OCR—oculocardiac reflex.

Further in-depth analysis was performed to investigate the correlation between the
rate of incidence of overall PONV, despite group allocation, according to the number of
separate risk factors for the incidence of PONV, expressed via the Apfel score. There was a
statistically significant increase in patients at risk of the presence of 1 and 2 separate risk
factors, compared to 0 and 3 risk factors. Nevertheless, we found no statistically significant
difference in the incidence of overall PONV, despite the number of risk factors for PONV.
The comparison of the variables on a nominal scale was performed by chi-square analysis
with pairwise comparisons of proportions (Holm); please see the Table 3.

Table 3. Apfel score of patients according to postoperative presence or absence of PONV.

APFEL Score [Point]
n (%)

0 (10% Risk of
PONV)

1 (21% Risk of
PONV)

2 (39% Risk of
PONV)

3 (61% Risk of
PONV) p-Value

Total n = 175 (100) 10 (5.7) 74 (42.3) 84 (48) 7 (4) p < 0.0001 A

PONV 0 (0) 4 (5.4) 11 (13.1) 1 (14.3) p = 0.26 NS
No-PONV 10 (100) 70 (94.6%) 73 (86.9) 6 (85.7) p = 0.26 NS

Results presented as numbers (percentages) for nominal variables; p-values by the test for equality of proportions for nominal variables.
Pairwise comparison of proportions: A significant differences in percentages between the groups of 0, 3 and 1, 2 points of Apfel score.
Abbreviations: PONV—postoperative nausea and vomiting.

4. Discussion

Regardless of the type of operation, the general incidence of vomiting is estimated at
about 30%, incidence of nausea at about 50%, and, in subgroups of high-risk patients, the
PONV rate can be as high as 80% [31–34].

Carvalho et al. [35] observed a lower incidence of PONV in patients undergoing
mechanical vitrectomy under a regional block as compared to GA. Additionally, total
intravenous anesthesia using propofol and alfentanil was observed to correlate with a
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reduction in PONV incidence rate to 16% from 43.5% [35], as compared to that of balanced
anesthesia in the observations of Heinke et al. [36].

In all these studies, IO, either inhalational anesthetics or hypnotic drugs adminis-
tration, was presented based on the observation of hemodynamic fluctuations and the
anesthesiologist’s judgement, whereas we adopted AoA guidance, for the first time, for
patients undergoing PPV. A statistically significant reduction in the incidence of overall
PONV was found between the T group and both groups with PA using COX-3 inhibitors.
The 3% PONV incidence rate among patients receiving COX-3 inhibitors was quite an
achievement when compared to that of the abovementioned literature, even in those un-
derlining the superiority of PBB with monitored anesthesia care regarding the reduction in
PONV incidence rate after PPV.

In the current study, although late PONV was not statistically significant (in the DO)
between the studied groups, no incidence of late PONV was observed in the P and M
group, which is also noteworthy in view of the quality of postoperative care.

To reduce the PONV incidence rate, numerous preventive anesthetic regimens were
employed, mainly based on preoperative antiemetic pharmacological premedication.
Reibaldi et al. [37], in their study concerning PPV under PBB, based their regimen on
the administration of either ondansetron or dexamethasone, or used a multimodal ap-
proach based on both, as compared to that of a placebo [37].

In the current study, although no preventive antiemetic regimen was introduced, the
PONV incidence rate was lower as compared to that of the literature data. Our results
demonstrated that the appropriate administration of intraoperative inhalational anesthetic
and rescue IO under AoA guidance might prevent an excessive IO dosage, resulting in a
lower incidence of PONV compared to that of the abovementioned literature data. Thus,
we suggest that the precision of the intraoperative administration of IO leads not only to
stable hemodynamics and a presence of unacceptable postoperative pain perception, as
presented in our former report [24], but could possibly constitute an emerging alternative
to the utility of a preventive antiemetic regimen, which was reported to be responsible
for the rare but life-threatening complications associated with their use [38–40] in patients
with no or one risk factor for PONV.

The anesthetic regimen based on GA using IO and inhalational anesthetics is widely
reported to predispose the incidence of PONV; therefore, an Apfel score dedicated to
patients who were anesthetized using inhalational anesthetics was calculated to ensure
homogeneity regarding the probability of PONV incidence [41,42]. To the best of our
knowledge on the literature in this province, such a stratification was never performed
before among patients undergoing PPV under GA.

We hypothesized that, in the current study, AoA guidance eliminated the influence of
independent PONV risk factors on the incidence of PONV. Nevertheless, among patients
with 2 and 3 independent risk factors, the PONV rate was 11.1% and 13.3%, respectively,
whereas in the observation of Heinke et al. [36], the addition of preventive antiemetic
prophylaxis to GA with PBB further reduced the incidence of PONV to 4.7%.

Interestingly, the employment of regional anesthesia techniques in the current study
did not prove to be useful when compared to the GA group, contrary to the majority of
the abovementioned literature. Similar findings were obtained regarding hemodynamic
stability and PIPP incidence in our preliminary report [43–46].

On the one hand, the demand for rescue IO was the highest among patients receiv-
ing metamizole, and the highest percentage of patients with motion sickness who were
predisposed to PONV were found in this group. On the other hand, the incidence rate of
PONV was the lowest among this group. The demand for rescue IO was similarly low for
patients receiving paracetamol, as well as for patients from the PBB group, using a mixture
of lidocaine and bupivacaine.

In the current study, we suppose that the precision of administration of inhalational
anesthetic with an SE target value of around 45, alongside the precision of rescue IO
administration with target delta SPI 15, supposedly produced a stable enough GA that
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intraoperative pressure on the eyeball and/or traction of extraocular muscles did not result
in an HR decrease, resulting in hemodynamic instability.

Asmer et al. [47], who achieved OCR incidence rates in similar groups to the current
study, observed that the combination of GA and sub-Tenon’s block, using levobupivacaine
in retinal surgery patients, decreases the incidence of OCR to 3 cases out of 40, as compared
to that of general anesthesia alone, which decreases OCR incidence to 6 cases out of 40 [43].
No statistically significant differences were observed between groups in the current study,
so even AoA guidance for GA eliminated the hypothetical benefit of PA using different
techniques, especially regional anesthesia techniques (PBB, TA), which were reported to
reduce the incidence of OCR in the literature. Thus, we assume that the key to a reduction
in the OCR incidence rate may not necessarily be caused by the addition of PA, especially
using regional techniques, but by stable hypnosis and analgesia of GA under AoA guidance,
regardless of the technique used. It is possible that the AoA guidance in the current study,
with or without the addition of PBB or TA, produced a similarly low incidence of OCR
to the addition of PBB or a sub-Tenons block to GA without AoA guidance for GA, as in
the literature.

OER was first described by Van den Berg A.A. et al., who observed the OCR produced
by squint surgery in children. They hypothesized that there was an association between the
occurrence of OCR and PONV. The high incidence of PONV in their study, particularly the
early PONV associated only with squint surgery, producing intraoperative OCR, provided
clinical evidence for the existence of OER [48]. In their further studies they described the
afferent pathway of the OER, sharing its afferent limb of the reflex arc, with the OCR [49].
Again, in our view, the adequate administration of intraoperative IO using AoA guidance
and stable SE guidance for inhalational anesthetic agent administration could lead to a
stable deep GA and, therefore, result in a low incidence of OCR and PONV, as compared
to data from the literature.

Premedication using midazolam was proven to decrease the rate PONV after VRS,
which was a part of the anesthetic regimen, despite the group allocation. Therefore,
its administration possibly proportionally affected the final results. Secondly, nausea
can be perceived as a subjective phenomenon, which may be underreported by patients.
Thirdly, the current literature provides no consistent algorithm for titration of rescue opioid
analgesics based on the online observation of fluctuations in SPI value [50].

Therefore, similarly to our previous studies, we adopted a methodology in which
the intraprocedural increase in SPI value by 15, from the baseline calculated during the
calibration of an SPI sensor, between LMA installation and start of the VRS (stage 2),
constituted an indication to administer a single rescue dose of intravenous FNT [51,52].
Finally, an in-depth analysis of the risk factors for the occurrence of PONV and OCR
in patients with certain comorbidities undergoing PPV under AoA-guided GA will be
published separately due to the word count limit, vast volume of collected data, and
complexity of analysis.

5. Conclusions

In patients undergoing PPV, we recommend AoA guidance of GA to ensure the equal
depth of anesthesia through the administration of inhalational hypnotics, as reflected in the
SE value, and proper dosage of IO, as reflected in the SPI value. Together, these guarantee
intraoperative stability, limiting the OCR incidence rate and risk to hemodynamic stability,
which has possible life-threatening consequences. Additionally, we recommend no addition
of regional techniques such as topical anesthesia and PBB using bupivacaine and lidocaine
mixture because their use may lead to unwelcome complications, take more time, and
impair economic frugality. Furthermore, no benefit to their use was observed as compared
to that of the GA group. Moreover, we recommend the addition of COX-3 inhibitors to
AoA-guided GA because such an anesthetic regimen resulted in the lowest rate of PONV,
despite the varied dose of IO required for stable GA. Further studies, especially multicenter
studies, which we would gladly participate in, are required to investigate the possibility
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of the complete eradication of PONV and further reductions in OCR incidence based on
the employment of a combination of already available anesthetic techniques, possibly
combining AoA guidance for GA with antiemetic prophylaxis based on the pre-procedural
calculation of Apfel score, so that antiemetic prophylaxis can be adjusted accordingly.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10184172/s1, Table S1. Anthropometric data of patients in studied groups. Table modified
from our previous work.
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